wo 2009/146006 A1 ]I 11T 000 OO A O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization 2 ey
(19) World Intellectual Property Organization /g ]I ) 0M)F 000 B0 )0 000 O O 0
International Bureau S,/ 0
3\ ) 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
3 December 2009 (03.12.2009) PCT WO 2009/146006 A1

(51) International Patent Classification: (74) Agent: HERBSTER, George, A.; 40 Beach Street, Suite
GOG6F 3/041 (2006.01) GOG6F 3/01 (2006.01) 303, Manchester, MA 01944 (US).

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every

PCT/US2009/038704 kind of national protection available). AE, AG, AL, AM,

. . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(22) International Filing Date: CA., CH, CN, CO. CR, CU, CZ, DE, DK, DM. DO, DZ,
28 March 2009 (28.03.2009) EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,

(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
o . KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(26) Publication Language: Enghsh MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI; NO,

(30) Priority Data: NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
61/040,672 30 March 2008 (30.03.2008) Us SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT, TZ, UA,
12/412,504 27 March 2009 (27.03.2009) Us UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): PRES- (84) Designateq States (unle.ss othem ise indicated, for every
SURE PROFILE SYSTEMS CORPORATION kind ofregzonal p}"Ol@C’llOl’l avazlable): ARIPO (BW, GH,
[US/US]; Delaware Corporation, 5757 Century Blvd., GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
Suite 600, Los Angeles, CA 90045 (US). ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(72) Inventor; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(75) Imventor/Applicant (for US only): SON, Jae [US/US]; MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
6542 Ocean Crest Drive, D101, Rancho Palos Verdes, OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
CA 90275 (US). MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: TACTILE DEVICE WITH FORCE SENSITIVE TOUCH INPUT SURFACE

(57) Abstract: A tactile device in-
cludes a touch input surface in any
number of forms including a force
sensitive touch screen. In this embodi-
ment a cover captures a transparent
screen located on capacitive sensors.
Touching the screen produces signals
from each sensor that can be com-
bined to identify the location of the
touch and the force exerted by that
touch.

Fig. 1




WO 2009/146006 A 1 110000 O 0T 00 OO

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




10

15

20

25

30

WO 2009/146006 PCT/US2009/038704

-1-

Tactile Device with Force Sensitive Touch Input Surface

Technical Field
This invention generally relates to tactile input devices

and more specifically to tactile input devices with integral
touch input surfaces.

Background Art

Tactile input devices are becoming more popular in a
variety of applications. Cellular telephones, personal digital
assistants (PDAs) and other electronic devices seek to
incorporate greater numbers of functions in such devices for a
given volume. Tactile input devices can provide this
capability. This has led to a number of approaches for
providing input devices that utilize capacitive, resistive, -
strain gauge and other types of sensors.

For example, US Pat. Pub. No. 2007/0257821 to Son et al.
(assigned to the same assignee as the present invention)
discloses a reconfigurable tactile sensor input device and is
assigned to the assignee of this invention. The input device
uses capacitive sensing and includes a first rigid electrode
layer, a compressible dielectric structure and a second
flexible electrode layer. The dielectric structure may include
a matrix of compressible geometric elements with voids
therebetween. This approach provides an individual with
varying levels of tactile force sensing. An optional flexible
display may be mounted over the input device to indicate the
present configuration to the individual, which configuration
can change from time to time based upon various inputs.

US Pat. Pub. No, 2007/0242037 to Son (assigned to the same
assignee as the present invention) discloses an electronic
device housing with an integrated user input capability and is
assigned to the assignee of this invention. This device
measures the force level applied by the individual to a housing
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for an electronic device. A capacitive sensor is formed
between a conductive inside surface of the housing and an
electrode on a rigid base. The application of force to the
housing deflects a corresponding portion thereby to change the
capacitance across the sensor.

‘ In addition to the developments such as those described
above, efforts have also been directed to the developmenﬁ of
touch location devices, such as touch screens. US Pat. No.
7,148,882 to Kamrath et al. discloses a complex to build
capacitor-based force sensors that detect a difference caused
by an applied force over a continuous range of applied forces
that includes a zero force. A number of these sensors are
distributed under an input structure. When a. force is applied,
the forces as measured by the capacitance properties of each
sensor are converted into the position of the applied force on
the input structure.

US Pat. No. 7,183,948 to Roberts discloses a tangential
force control touch location device that includes force sensor
principal elements, lateral softening means and preload
springs. A mechanical path, that does not include the force
senscrs, comprises a plurality of shunt connections that
constitute the lateral stiffening means for impeding lateral
motion of the touch surface.

Each of the foregoing references discloses different
approaches. Manufacturers who wish to incorporate a touch
screen with a tactile input device such as shown in the above-
identified patent publications purchase the input device from
one vendor and the touch screen device from another vendor.
Then the manufacturer must determine an approcach for
integrating the two. Generally the electronics associated with
each component are not compatible, so different processing
approaches must be undertaken. This may further increase the
price and size of the input device to accommodate the different
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circuits in the device or require more complex'signalAtransfers
to external electronic and processing components.

What is needed is a tactile input device that provides a
touch screen display in combination with various keyboard
configurations whereby the cost of the device is minimized and
electronic processing by the device minimizes the
communications required with external devices.

Disclosure of Invention

Therefore, it is an object of this invention to provide a
tactile input device that incorporates an integral touch screen
display or other touch input surface. What is also needed is a
universal input solution where one controller IC can handle a
touch screen as well as a multi-touch input keypad and
specialty buttons such as a pressure sensitive scroll side
button.

Another object of this invention is to provide a tactile
input device with an integral touch screen display or other
touch input surface that minimizes the device costs.

Yet another object of this invention is to provide a
tactile input device with an integral touch screen display
other touch input surface that simplifies data communication
between the device and an external device.

Still yet another object of this invention is to provide a
universal touch surface input where one controller IC can
handle a touch screen as well as a multi-touch input keypad and
specialty buttons such as a pressure sensitive scroll side
button.

In accordance with this invention a force-sensitive touch-
responsive input device comprises a reference surface, an input
structure for having a force applied thereto and a flexure
attachment structure that enables the input structure to
respond to the application of force thereto by flexing with
respect to the reference surface. Motion of the input
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structure relative to the reference surface is detected by
capacitive sensing in which a capacitive sensor includes a
first electrode that ﬁoves with the input structure.and a
second electrode attached to the reference surface and spaced
from the first electrode. A signal processor connects to the
first and second electrodes and generates a signal that is
proportional to the force applied to the input structure in
response to the flexure of said input structure relative to the

reference surface.

Brief Description of Drawings

The appended claims particularly point out and distinctly
claim the subject matter of this invention. The various
objects, advantages and novel features of this invention will
be more fully apparent from a reading of the following detailed
description in conjunction with the accompanying drawings in
which like reference numerals refer to like parts, and in
which:

FIG. 1 is an exploded perspective view of a tactile input
device with a touch screen constructed embodying this
invention;

FIG. 2 is an exploded perspective view of another tactile
input device with a touch screen constructed embodying this
invention;

FIGS. 3A through 3C are cross sectional views of one
embodiment of a capacitive sensor useful in implementing this
invention;

FIGS. 4A and 4B are cross sectional views of variants of
another embodiment of a capacitive sensor useful in
implementing this invention;

FIGS. 5A through 5C are cross sectional views of variants
of yet another embodiment of a capacitive sensor useful in
implementing this invention; '
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FIG. 6 is a flowchart of one example of a calibration
process;

FIG. 7 is a plan view of another tactile input device
embodying this invention;

FIG. 8 is a partial cross sectional view of first
implementation of the tactile input device of FIG.'7;

FIG. 9 is a partial cross sectional view of a second
implementation of the tactile input device of FIG. 7;

FIG. 10 is a partial cross sectional view of a third
implementation of the tactile input device of FIG. 7;

FIG. 11 is a partial cross sectional view of a first
embodiment of yet another tactile input device embodying this
invention; and

FIG. 12 is a partial cross sectional view of a second
embodiment of the tactile input device of FIG. 11.

Best Mode(s) for Carrying Qut the Invention

FIG. 1 depicts the essential elements of a tactile input
device 10 that incorporates a touch screen with a
reconfigurable tactile input device. The device 10 includes a
cover 11 having a generally planar surface and having an access
port 12 for a touch screen and an access port 13 for access to
input electrodes. The cover also has depending edges about the
periphery thereby to form a cavity with an open bottom for
receiving and housing other elements of the input device 10.

One such element is a glass cover 14 that nests in the
cover 11 below the access port 12 such that the transparent
portion is substantially coextensive with the access port 12.
The glass cover 14 additionally includes a peripheral
conductive frame 15 that lies outside the viewing area afforded
by the access port 12. Typically the conductive frame 15 is
electrically grounded. Thus an individual can touch the glass
cover 14 through the access port. In this embodiment the top

surface of the glass cover 14 acts as a touch input surface.
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Another element comprises a PC board 16 that includes an

array 17 of electrodes that provide a reconfigurable function.

In one embodiment these electrodes comprise capacitive
sensors. The PC board 16 also includes another port 20 that is
essentially coextensive with the glass cover 14.

There are force-sensitive touch-screen sensor electrodes
21 through 24 located on the PC board 16 at the four corners of
the port 20. They are positioned to align with the conductive
frame 15 of the glass cover 14 when the device 10 is assembled.

When assembled, the cover 11 captures the glass cover 14, but
the glass cover 14 is supported over electrodes 21 through 24.

The final element of the device 10 is a conventional LCD
display 25 that has a peripheral frame 26 and a display area
27. When the device 10 is assembled, an individual has the
option of selecting the electrode array 17 or the touch screen
formed by the glass cover 14, the electrodes 21 through 24 and
the LCD display 25. '

When the individual touches the glass cover 14, it
deflects in response to the touch force. The conductive frame
15 and the electrodes 21 through 24 constitute capacitive
sensors. The change in capacitance of each of the sensors
represents a force vector component that depends upon the
location and magnitude of the individual’s touch of the glass
cover 14. Consequently the signals from each of the electrodes
21 through 24 can be processed to determine the magnitude
and/or location of the touch. As will be apparent, this
information will be transferred to the external device driving
the LCD display 26 in accordance with any of a variety of
function.

Thus, in accordance with the objects of this invention,
the device 10 is a tactile input device that incorporates an
integral touch screen display. The device 10 is characterized
by a minimal volume suitable for mobile and small electronics
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and by minimal cost. Further, the device 10 simplifies data
communication between the device 10 and an external device.

FIG. 2 depicts the essential elements of another tactile
input device 30 that incorporates a touch screen with an input
device having a deflectable housing. In the following
discussion, like numbers designate elements in FIG. 2 that can
have the same construction as in the device 10 in FIG. 1. The
device 30 includes a cover 31 with a generally planar surface
with an access port 32 for a touch screen. An area 33
constitutes an area in which an individual touches marked areas
and deflects a corresponding portion of the area 33 thereby to
produce a change in capacitance between the selected area 33
and input electrodes 37. The cover 31 also has depending edges
about the periphery thereby to form a cavity with an open
bottom for receiving and housing other elements of the input
device 30.

Like the input device 10 in FIG. 1, the glass cover 14
nests in the cover 31 below the access port 32 such that the
transparent portion is substantially coextensive with the
access port 32. Moreover, the glass cover 14 includes the
peripheral grounded conductive frame 15 that lies outside the
viewing area afforded by the access port 32 so an individual
can touch the glass cover 14 through the access port 32.

In this embodiment a PC board 36 includes an array 37 of
electrodes that interact with the cover area 33 to enable the
device 30 to utilize the cover 31 as an input. The PC board 36
also includes another port 40 that is essentially coextensive
with the glass cover 14.

Like the input device 10 in FIG. 1, force-sensitive touch-
screen sensor electrodes 21 through 24 are located on the PC
board 36 proximate the four corners of the port 40. They are
positioned to align with the conductive frame 15 of the cover
14 when the device 30 is assembled. When assembled, the cover
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31 captures the cover 14, but the cover 14 is supported on the
electrodes 21 through 24.

The LCD display 25 with its frame 26 and display aréa 27
constitute the final element of the device 30. Thus when the
device 30 is assembled, a individual has the option of
selecting the area 37 or the touch screen formed by the cover
14, the electrodes 21 through 24 and the LCD display 25. As
will be apparent, the device 30 also is a tactile input device
that incorporates an integral touch screen display and that
meets the various objects of this invention.

In most embodiments, each of the capacitive sensors
produced by the conductive frame 15 and the electrodes 21
through 24 will have the same construction. FIGS. 3A through
3C depict a typical construction for sensors, such as sensor
21. Réferring to FIG. 3A, spaced compliant support structures
50 and 51 are interposed between the glass cover 14 and the PC
board 16 proximate the periphery of the glass cover 14. These
support structures 50 and 51 carry the cover 14 with portions
of the grounded conductive frame 15 aligned with and spaced
above electrodes 52 and 53 on the PC board 16.

The support structures 50 and 51 can be formed of a number
of complaint insulating materials. Silicone, rubber and
polyurethane are examples of acceptable materials.

As previously indicated, when an individual touches the
cover 14, it deflects by an amount dependent upon the magnitude
and location of the force on the glass cover 14 with the
deflection at each of the sensors 21 through 24 varying
depending upon the location and magnitude of the applied force.
FIG. 3B depicts the application of a force by a stylus 54 or’
finger that produces a force intermediate the support
structures 50 and 51 whereby they compress equally. As a
result, the portions of the conductive frame 15 that are
coextensive with the electrodes 52 and 53 move downward thereby
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decreasing the inter-electrode spacing equally and increasing
the capacitance of each sensor equally.

As shown in FIG. 3C, if the stylus 54 depresses the cover
14 near the support structure 51, it compresses more than the
support structure 50. As shown in FIG. 3C, the support
structure increases the inter-electrode spacing between the
conductive frame 15 and the electrode 52 while the inter-
electrode spacing between the conductive frame 15 and the
electrode 53 decreases. As a result the capacitance of the
sensor including the electrode 52 decreases while the
capacitance of the sensor including the electrode 53 increases.
Collectively, these signals indicate that the force has been
applied closer to the right in FIG. 3C.

In FIG. 4A the support structures comprise springs 61 and
62 for spacing the cover 14 above the LCD 25. The PC board 16
supports electrodes 62 and 63 at locations that align with the
edges of the cover 14. 1In this embodiment, an electrically
grounded structure 64 carries an electrode 65; a similar
structure 66 carries an electrode 67. The operation is
essentially the same as described with respect to FIGS. 3A
through 3C. This construction is particularly advantageous in
providing linear force deflection response. Whereas in the
embodiments of FIGS. 1 and 2 the peripheral conductive frame
will generally be constituted by a metal coating, in FIG. 4A
the coating is réplaced by the metal clip 64 that can simplify
assembly.

FIG. 4B depicts a variation of the structure in FIG. 4A
wherein the PC board or rigid substrate 16 is thick and formed
with a recess for the LCD display 25. 1In this case, the PC
board or rigid substrate 16 is also modified to incorporate
wells, such as wells 70 and 71 that receive the springs 60 and
61. In this variation, the grounded peripheral conductive c¢lip
64, for example, serves as the electrode.
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Each of FIGS. 4A and 4B depict a PC board 16 with a
processor 72. Adding such a processor enables processing of
the information from both the FST Screen and the RTID and/or
HAI sensors to produce the position and magnitude of the
applied force independently of any external device. As will
be apparent, such a feature allows communications with external
devices to be by high-level commands thereby reducing the
bandwidth requirements for any communications link between the
tactile input device and the external device.

Whereas FIGS. 4A and 4B disclose springs 60 and 61 to
provide a restoring force, FIGS. 5A through 5C depict other
variations that incorporate leaf springs. In FIG. 5A, a force
igs applied to the cover 14 that is spaced above the PC board
16, A leaf spring 80 includes a center portion 81 that bears
against the PC board 16. A first offset wing 82 includes a pad
83 that attaches to a ground electrode 84. A second offset
wing 85 includes a pad 86 that attaches to another ground
electrode 87. Sections of the central portion 81 above
electrodes 90 and 91 complete the sensor. In this specific
embodiment, a peripheral channel 92 attaches to the PC board 16
to provide some degree of rigidity. A flange 93 overlies the
cover 14 to limit the upward movement thereof.

FIG. 5B depicts a variant in which a pair of leaf springs
100 and 101 have first grounded portions that clip to the edges
of the cover 14. Offset portions 102 and 103 engage a ground
contact 104. The leaf springs 100 and 101 bias the cover away
from the PC board 16. A channel 92 defines the maximum
spacing. Portions of the springs 100 and 101 that are
essentially coextensive with sensor electrodes 105 and 106
complete the sensor. -

In FIGS. 5A and 5B the leaf springs are intermediate the
cover 14 and the PC board 16. FIG. 5C depicts a sensor in
which leaf springs 110 and 111 have first portions 112 and 113
that abut the cover 14 and overlie sensor electrodes 114 and
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115. Portions 116 and 117 provide offset pads 120 and 121 that
attach to ground electrodes 122 and 123, respectively. Thus
FIG. 5C depicts a sensor that includes two spaced capacitive
sensing elements.

Each of FIGS. 3A through 3C, 4A, 4B and 5A through 5C
depict two capacitive sensors. As will now be apparent, an FST
(Force Sensitive Tactile) screen will require two such
structures on opposite ends or sides of the cover 14 thereby to
provide the four sensor points at the positions 21 through 24
in each of FIGS. 1 and 2.

It is, of course, necessary to calibrate such a system so
that the location derived from-the sensor signals is accurate.

For purposes of understanding one such calibration process, it
is assumed that the sensors 21 through 24 be designated bottom
left (BL), top left (TL), top right (TR) and bottom right (BR).

As shown in FIG. 6, a calibration process 130 begins when
step 131 establishes an ideal position value for each corner of
the screen. Using unit values, the ideal position value for
the BL corner is 0,0; for the TL corner, 0,1; for the TR
corner, 1,1; and for the BR corner, 1,0.

After a force is applied at corner 0,0, step 132
translates the raw contact centroid location to the desired
0,0. For example, the if the BL corner is pressed, the
resulting Centroid value is set to 0,0. Step 133 implements a
linear transformation to generate a correction criterion for
the two adjacent sensors. That is, the TL and BR corners in
this example. Step 134 implements a non-linear transformation
to generate a correction criterion for the remaining,
diagonally opposite location; that is, the TR corner in this
example.

 Once these measurements and transformations of steps 132
through 134 have been completed, step 135 can store the
correction criteria in a processor, such as the on-board
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processor 72 in FIGS. 4A and 4B. Thereafter, these criteria are
used to correct any variations in the sensor readings.

As will now be appreciated, the various embodiments
associated with the specific embodiments of FIGS. 3A through 5C
depict a variety of tactile input devices that incorporate a
force sensitive touch screen as another input. The force
sensitive touch screen can also be applied without the display
screen to form a rigid input device. 1In addition, a variety of
capacitive sensor structures have been disclosed that can
implement this invention and may be tailored te particular
applications.

It has also been found that the invention shown in the
foregoing figures has other applications, such as tablet input
devices and as multi-touch input devices. Tablet input device
embodiments can be adapted to record any motion of the .
translation of an input force as applied, for example, through
a stylus to record written or graphic images. Multi-touch
input devices provide the capability of discriminating the
locations of multiple simultaneous applications of force to an
input device as by simultaneous touching by two or more of an

individual’s fingers.

FIG. 7 depicts an input and display device 140 that
utilizes this invention to enable an individual to “write” on
the device and display the “writing.” FIG. 7 provides a top
plan view of the device 140 that shows an underlying PC board
141 for defining a reference plane and a glass cover 142 for
acting as an input means on which an individual can use a
stylus or other implement to “write.” Flexures 143A through
143D provide the necessary flexure to allow the process of
"writing” to produce a change in the spacing between the PC
board 141 and the glass cover 143.

As also shown in FIG. 7, the device 140 defines an array
of sensor locations. In this particular embodiment, twelve
locations define a 3x4 array of sensor locations 144A through

PCT/US2009/038704
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144L. As described in greater detail with respect to FIGS. 8
through 10, each location is characterized by electrodes that
define a capacitor such that any change in the spacing between
the PC board 141 and the glass cover 142 produces a
corresponding change in the capacitance value.

A power connection 145 and a data connection 146 provide
power to the system and retrieve the signals from which a
signal processor, such as an appropriately programmed digital
computer, can identify both the location and the force produced
by the touch of the glass cover 142 through a capacitance
sensing IC 147. There are many algorithms that can be adapted
for providing this output. With one such algorithm variations
in the capacitance provide centroid values for each location
and the individual centroid values then can be combined to
provide a resultant signal that identifies the x-y position of
the force being applied and the magnitude of that force. A
gravity sensing accelerometer 148 can compensate for the weight
of the input structure 142 as the device is tilted relative to
a gravity vector. The accelerometer 148 can also be used to
compensate, filter or ignore the force sensing elements when
the device is under severe vibration during transportation.

FIG. 8 depicts one portion of a specific embodiment of a
device that can provide the functions described above with
reference to FIG 7. This embodiment 150 includes an enclosure
base 151 that includes a plurality of standoffs, such as
standoff 152, to support a PC board 141. The PC board 141
defines a reference surface 153. Another spacer 154 positions
an extension of an electric shield 155 beyond the periphery of
the glass cover 142 to which it attaches. A fastener, such as
a screw 156, completes the support structure. An L-shaped
peripheral enclosure cover overlies and protects this structure
and a complaint or soft seal 158 provides an upper motion limit
and a barrier to the infiltration of debris into the interior
of the device 150.
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FIG. 8 and other figures depict the cover 142 as a single
element. However, in many implementations of this invention
the cover 142 will include an integral display, such as an
electric paper (ePaper) display between a protective glass
cover and an electric shield. Therefore, references in the
following discussion to a “glass cover” are intended to include
such a cover or the combination of a cover and a display.

FIG. 8 also depicts one sensor location 144n. At this
location a first electrode 160 is formed on the electric shield
155 and is spaced above a second electrode 161 formed on the
reference surface 153. 1In this embodiment the first electrode
moves with the glass cover 142 while the second electrode 161
remains stationary. The electrodes 160 and 161 can be formed
as discrete elements with individual conductors to a common
connection. Alternatively, the electrodes 160 can be
constructed of spaced parallel strips aligned with one of array
columns and rows while the electrodes 161 are constructed of
spaced parallel strips aligned with the other of the array
columns and rows. This approach can simplify and reduce the
number of interconnections between the electrodes and a signal
processor while providing high resolution pressure map which is
useful in conjunction with a flexible display that allows more
than two point multi-touch sensing capability.

From the foregoing, it will be apparent that if an
individual presses on the glass cover 142, it will deflect with
an orientation dependent upon the location at which the glass
cover 142 is depressed. Unless a force is applied at the exact
center of the glass cover 142, the spacing between electrodes
at different sensor positions will differ so the signals from
each sensor location will also differ. 1In some situations the
spacing or gap between electrodes at some sensor locations will
decrease in response to a touch; the gaps at other locations
may increase; still other gaps may remain essentially
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unchanged. Collectively, however, the sensors will provide
sufficient information to determine the location of the force.

FIG. 9 depicts one portion of a second embodiment of a
device that can provide the functions described above with
reference to FIG 7. This embodiment 170 includes an enclosure
base 171 with a plurality of standoffs, such as standoff 172,
for supporting a PC board 141. The PC board 141 defines a
reference surface 173. Another spacer 174 positions an
extension of an electric shield 175 beyond the periphery of the
glass cover 142 to which it attaches. A fastener, such as a
screw 176, completes the support structure. An L-shaped
peripheral enclosure cover 177 overlies and protects this
structure.

FIG. 9 also depicts one sensor location 144n. At this
location a first electrode is formed by the electric shield 175
as a solid and continuous ground plate. It is spaced above a
second electrode 178 formed on the reference surface 173. 1In
this embodiment the first electrode acts as a ground electrode
and moves with the glass cover 142 while the second electrode
178 remains stationary. The electrodes 178 are formed as
discrete elements with individual conductors, as formed by a
rigid or flexible printed circuit board or a conductive ink
printed on a plastic film. In whatever form, they connect to a
capacitance sensing IC 147 or like component or circuit.

From the foregoing, the glass cover 142 it will deflect
when a force is applied thereby changing the relationship of
the ground plane with the individual second electrodes 178.
Again, collectively the signals provide sufficient information
to determine the location of the force of the glass plate.

FIG. 10 depicts one portion of a third embodiment of a
device that can provide the functions described above with
reference to FIG 7. This embodiment 180 includes an enclosure
base 181 for supporting the PC board 141 and the glass cover
142 which includes an electric shield 185 and an L-shaped
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peripheral enclosure cover 187. In this embodiment, standoffs
and screws, such as shown at 182, depend from the cover 187 to
support the electric shield 185 with the glass cover 142 and
provide the necessary flexure. Other standoffs, such as a
spacer 184, also depend from the cover 187 to position the PC
board 141 with the reference surface 183.

In this embodiment the structure of the sensor at sensor
location 144n includes a first electrode 189 that is formed on
the electric shield 185. This construction enables better
control of electrode spacing by using a structural frame 187.
In this configuration, the electric shield 185 and the
electrodes 189 form discrete ground electrodes spaced above
second electrodes, such as the electrode 188, formed on the
reference surface 183. The electrodes 188 are formed as
discrete elements with individual conductors to a common
connection.

From the foregoing, the glass cover 142 it will deflect
when a force is applied thereby changing the relationship of
the ground plane with the individual second electrodes 188.
Again, collectively the signals provide sufficient information
to determine the location of the force of the glass plate.

FIG. 11 depicts one portion of another embodiment of a
device that can provide the functions described above with
reference to FIG 7. This embodiment 190 includes an enclosure
base 191 for supporting an LCD display unit 196, rather than a
ePaper display. The LCD includes an electric shield frame 195
and an L-shaped peripheral enclosure cover 197. In this
embodiment, standoffs and screws, such as the standoffs 192 and
194, are screwed together and extend from the base 191 to
support the electric shield 195 and provide the necessary
flexure for the LCD display 196. .

In this embodiment the structure of the sensor includes a
first electrode 200 that is formed by the LCD sheet metal and a
second electrode 199 on a small PC board 193 that is mounted to
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the base 191 and supporting the flexure 195 of the LCD frame
196. In this arrangement, the LCD could be mounted facing in
opposite direction such that the applied force on the LCD
surface expands the gap between 199 and 200 rather than

_ compressing it.

FIG. 12 depicts one portion of another embodiment of a
device that can provide the functions described above with
reference to FIG 7. This embodiment 210 includes an enclosure
base 211 for supporting an LCD display unit 196, rather than a
ePaper display. The LCD includes an electric shield frame 215
and an L-shaped peripheral enclosure cover 217. In this
embodiment, standoffs and screws, such as the standoff 212 and
screw 216, extend from the base 211 to support the electric
shield 215 and provide the necessary flexure for the LCD
display 196.

In this embodiment the structure of the sensor at sensor
location 144n includes a first electrode 219 that is formed on
the bottom of the PC board 214 and spaced from the enclosure
211. The base 211 has a metallized upper surface 218 that acts
as the second, or ground electrode, for each sensor location.
In this configuration, metallized surface 218 is a continuous
ground electrode underlying the entirety of the LCD display
while the electrodes 219 form discrete electrodes spaced above
metallized upper surface.

FIG. 8 depicts a barrier 158. 1In this embodiment of FIG.
11, a thin-film dust seal 198 is located between the end of the
enclosure cover 197 and the LCD device 196. Such a seal can be
affixed by an adhesive to the corresponding surfaces of the
enclosure cover 197 and the LCD 196. This provides a positive
barrier for preventing the accumulation of debris in the
internal portions of the device without restricting or biasing
the motion of the LCD display 196.

From the foregoing, the LCD display 196 will deflect when
a force is applied thereby changing the relationship of the
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ground plane 281 with the individual second electrodes 219.
Again, collectively the signals provide sufficient information
to determine the location of the force of the glass plate.

In summary, there has been disclosed a number of
illustrative embodiments for a tactile device with force-
sensitive touch screens formed by rigid transparent layers
mounted'over LCD display devices or ePaper display devices. As
previously indicated, in some applications the touch screen may
be deformable so that it is possible to record and display
multiple touches to different parts of the touch screen. While
ePaper and LCD displays have been specifically disclosed, other
display devices, such as an organic light emitting diode
display, can be substituted. Different configurations of the
components for providing the touch and reference surfaces and
the flexure function can be substituted for any of the
specifically disclosed embodiments. Different capacitive sensor
configurations can be adapted for use with this invention.

Embodiments of this invention can provide additional
benefits by eliminating the use of transparent conductive
materials, such as ITQ, above a display that can degrade the
quality of the display. ITO is a limited resource and is not
ecologically friendly. For a touch screen application, such as
.an e-book, eliminating an ITO layer provides a significant
benefit by eliminating this degradation.

This invention has been disclosed in terms of certain
embodiments. It will be apparent that many modifications can
be made to the disclosed apparatus without departing from the
invention. Therefore, it is the intent of this invention to
cover all such variations and modifications as come within the
true spirit and scope of this invention.

What is new and claims is:
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1, A force-sensitive touch-responsive input device
comprising:
A) reference means for defining a reference surface,
B) input means for having a force applied thereto,
C) flexure attachment means for enabling said input
means to respond to the application of force thereto
by flexing with respect to said reference means,
D) capacitive sensing means for sensing the motion of

said input means relative to said reference means and

. including:

i) first electrode means for moving with said
input means relative to said reference means,

ii) second electrode means attached to said
‘reference means and spaced from said first
electrode means., and

E) signal processing means connected to said first and

second electrode means for generating a signal that

is proportional to the force applied to said input

means in response to the flexure of said input means

relative to the reference surface.

2. The force-sensitive touch-responsive input device as
recited in claim 1 wherein said first and second electrode
means form a plurality of discrete sensors at predetermined
locations about the peripheries of said reference and input
means.

3. The force-sensitive touch-responsive input device as
recited in claim 2 wherein said input means comprises a rigid
glass plate supported by said flexure attachment means.

4. The force-sensitive touch-responsive input device as
recited in claim 3 wherein said flexure attachment means
comprises a plurality of flexures that are intermediate said
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reference means and said glass plate.

5. The force-sensitive touch-responsive input device as
recited in claim 4 wherein said flexures comprise compliant
structures.

6. The force-sensitive touch-responsive input device as
recited in claim 5 wherein said compliant structures comprise
molded silicone structures.

7. The force-sensitive touch-responsive input device as
recited in claim 5 wherein said compliant structures comprise
compression springs.

8. The force-sensitive touch-responsive input device as
recited in claim 5 wherein said compliant structures comprise

leaf springs.

9. The force-sensitive touch-responsive input device as
recited in claim 2 wherein said capacitive sensing means
comprises additional first and second electrode means disposed
intermediate said reference and input means thereby defining an
array of sensor locations, said signal processing means being
connected to said electrode means in said array for generating
a signal indicative of the location of any touch on and the
total force applied to the input said input means.

10. The force-sensitive touch-responsive input device as

recited in claim 7 wherein said input means includes a plate.

11. The force-sensitive touch-responsive input device as
recited in claim 8 wherein said reference means includes an
enclosure with a planar support for said plate and said flexure

means includes a plurality of flexures positioned about the
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periphery of said reference means.

12. The force-sensitive touch-responsive input device as
recited in claim 10 wherein said flexure plurality is four.

13. The force-sensitive touch-responsive input device as

- recited in claim 10 wherein said plate includes an electrical

shield and said first electrodes are formed by said electrical
shield and said second electrodes are attached to planar

support.

14. The force-sensitive touch-responsive input device as
recited in claim 12 wherein said planar support comprises a
printed circuit board.

15. The force-sensitive touch-responsive input device as
recited in claim 12 wherein said plate is deformable and said
signal processing means generates a signal representing

multiple touches of said plate.

16. The force-sensitive touch-responsive input device as
recited in claim 12 wherein said input means includes an LCD

display.

17. The force-sensitive touch-responsive input device as
recited in claim 12 wherein said input means includes an e-
paper display.

18. The force-sensitive touch-responsive input device as
recited in claim 12 wherein said input means includes an
organic LED display.



PCT/US2009/038704

WO 2009/146006

112

Fig. 1



WO 2009/146006

30

2/12

Fig. 2

PCT/US2009/038704



WO 2009/146006 PCT/US2009/038704

3/12
21
14 / 15
/
// -
A o
;’/ ./"
7 VI A=
s Ny S rald s s 7 A A A '
/ \ P e
/ \ / ™
52 ‘ 16
50 51 53
Fig. 3A
54 91
/ _,//
SR _ — =
{ } 5 P a G /
/ \\ .r'.. {
l’,” \ ‘/' ~
52 ‘ | ' 16
50 51 53
Fig. 3B
21
~ 54
/ 14 15
-71\_ Ji \J 3
L /{» Y - i ]
f ‘. , T
52 50 i 53 16
5



WO 2009/146006 PCT/US2009/038704
4/12
14
g 66
6 60 4 6)1 J
f -~/ | e
u ; e
65 ~—— 4 il
* Lananacnond
SNy 4 L s A s AN S . S ]
\\ Y A E
~62 . 63
25 16
Fig. 4A
14
64 60 - 61
p / }
[ ,/
65 — e = =
=
S 7 7 7 - '//n'\—‘r v ",fj,«
A 1 LUJUUU‘JUU’
\\71 k \~ See
70 72



WO 2009/146006 PCT/US2009/038704
5/12
80
’ 81 85
0. \' T 8w
. / 7 ot
83~ [ . 86
- l‘*l;-_—ej—"" . — N‘_r.]/.———- 87
-’ ;\ / i
90 91~ 10
Fig. 5A
14
;,*., o ——— :_. A_—/— I 1;
[ K N PSP . ]
105 - N |
100 102 ;| 16 101
104 103 106
Fig. 58
112
10
‘} 111 "
116 t ‘ 117
\\ “\ 5 1 ~ / [
L , =14
o \ \ '
122 \ .
~114 15 ~123

Fig. 5C



WO 2009/146006 PCT/US2009/038704

6/12

130 —“\ CALIBRATION PROCESS {

'

ESTABLISH IDEAL POSITION VALUES FOR EACH
CORNER OF THE SCREEN PROXIMATE THE SENSORS
131 — 21 THROUGH 24
(E.G., BL=0,0; TL-0,1; TR=1,1; BR=1.0)

!
|

! APPLY A FORCE TO ONE CORNER
i (E.G., THE BL CORNER) AND TRANSLATE RAW
I CCONTACT CENTROID LOACATION TO THE
L DESIRED VALUE (E.G., BL=0,0)

|

h J

132

_____

- |USE A LINEAR TRANSFORMATION TO CORRECT THE
/~ ERRORS FOR THE ADJACENT CORNERS (E.G., S0 HE
133 TL=0,1 AND BR=1,0)

I

{
A |

USE A NON-LINEAR TRANSFORMATION TO }
134~ CORRECT THE ERROR FOR REMAINING CORNER |
| (E.G., TR=1,1)

i

%

_—

'
i
h J

STORE THE RESULTS AS CORRECTION CRITERA
FOR EACH CORNER

1
]
|

135

FIG. 6



WO 2009/146006

143A ——

143C

PCT/US2009/038704
7112
140
4 § N
¢ A ¢ ) I ‘s i
v, ! \ | ', 1 i
!/‘" //./'; ./§'l
144A 1448 144C ’/142
-..1438
co C oY
44 144 144F
144D 141
{
‘. ‘I :, ‘n :, :l ‘
" S SV
144G 144H
}--143D
of
: .\l : \I :- \'
144 ek 1441
R e
\ ! i X = g




PCT/US2009/038704

WO 2009/146006

8/12

€51

244
- upviL

! | i ; ; /
_,, { / ﬁ
A T ]
N e R A
. — e AN / _ ./.._.1, S~
N e i : . ] S~
C / \
Al - |
001 g 851 / \ -
?mr /6L 5S4 951

e f o




PCT/US2009/038704

WO 2009/146006

9112

6 b4

€l1 8Ll 9L1

- -
T U
. -
e .
"\
-
T

14 S
\ 4 \I/
R - . - yd M R ST s - # , 2 s g e PR ' e
- A .\\ .\\\ \\\\\\ A L0 T \\\ PRI
4 o \\ - - A 7 e ’ i 2 - < L N
—~ jrg { |
C
B - > > ” * " 7
P A A . P . 7 _ /
m - y S . s < - - / \

rs
s LLL -

0L

vilL



WO 2009/146006 PCT/US2009/038704

10112

Vo]
[ee]
-
\ o
y N\ w
\ (9]
\ " > o—
\ © L
N N bt
r \ //
~—— N P
\ ~ ’/‘/
\ - N\ g st
B Y
g * 4'.\. N
- ~ [ . N
‘\\ N AN ' ;
~ N
\\\ ‘\ W -—
N
™M h \ \'\ ———
0 ~
- “~ N
\ ™ i ‘\‘
. ’ N
N
N S ~
\\ AN ‘ \, ~, -
. " ~— 0
e N -
¢ ‘\ MU
% S o .
. L/ \\ \\__‘ [+0}
-« \\ \ 2 .
r~ N
-} . \\ N
- \‘ . .. \\
~ e
AY
"\
\ "
~ N
N N
e C
R <
. ot
-
I A N
e \.
,)/'. Y
N B —
w - AY
| 2
©O
o]
-




PCT/US2009/038704

WO 2009/146006

1112

194 |

-
o -
Lo .
—
(©))
5 - o—
(o] (e 0] ~ F
- > >
; A\ -~
mﬁ. I / m
S &
/ / / ©
/ \, / \ - O
! -
\ / /
i \ \
1
{ 7 \
s
! 7 7 \.\ \\ - IV - P A
> S s e oS
\ e s o A 7
- 7 A, P o R
' - . 4 s s A
i ’ - S ~ VA
N o s Z Pl o
T 7 ——
Eva \ N T T
A i v\ \~ \\\\ e u\w \\ \\ \\\ \\\
_ / 7/ [ -
) / >
/ /S / N /
: : —
A \
7 | - e N
i (o]
o) \ i
S 2 /
? 3
s



WO 2009/146006

.
Z
~
N ‘!
1
i
212
\.\ S \\‘ \\\ h
\\ \\\‘ \\\\\ .
\Q\‘\ N
~ N A
N RN
\\\ RN | .
219 — SN S
\\____/'! N \‘ )
. Y
.
AR \\‘ N
. \. l\
AN N,
144n .
\ N ‘\» .
N A\ 3 i \\ ‘\‘
oS \»‘ ~
. .
AN
N
N
;o0 .
i . 0
! Y o
211 | LA
K . A‘\ N \\h\\\
\ . N -
A . \\ \ N
3 g ‘ \\ . i
! SN, )
\\‘\ ' k‘.
> \\ \\\ B
AN e
218 —— \,
"\‘\
'} \
~
214

12112

PCT/US2009/038704

~. 217

™ 114



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2009/038704

A. CLASSIFICATION OF SUBJECT MATTER

GOGF 3/041(2006.01)i, GOGF 3/01(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC : GOGF

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 since 1975
Japanese Utility models and applications for Utility models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) "force sensitive”, "touch responsive"”, "flexure”, "tactile", "touch sensor"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002-0163509 A1(JERRY B. ROBERT) 7 November 2002 1
--------------- See abstract; figure 1; paragraphs [0036]-[0038], [0045], [0049], [0101]-[0103]; claims 1, 9, 14-
A 16, 31-32, 37-39, 45-48. 2-18
A US 2004-0156168 A1(LEWIS H. LEVASSEUR et al.) 12 August 2004 1-18

See abstract; figure 13; paragraphs [0071], [0085]; claims 1, 3-5, 7-8, 11, 14-18, 24.

A US 2006-0181517 A1(STEPHEN PAUL ZADESKY) 17 August 2006 1-18
See abstract, figures 2-13; claims 1, 2, 7, 12.

A US 05854625 A(JOSEF C. FRISCH et al.) 29 December 1998 1-18
See abstract; figures 2-3, column 1 lines 45-62, column 2 lines 25-58, claims 1-8, 11-13, 16-17,
19-20.

A JP 1998-198507 A(KOMOTA, Inc.) 31 July 1998 1-18

See abstract; figures 1-2; paragraphs [0008]-[0009]; claims 1-2.

A JP 1993-035403 A(NEC Corporation) 12 February 1993 1-18
See abstract; figures 1-2; paragraphs [0006]-[0007]; claim 1.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
29 OCTOBER 2009 (29.10.2009) 30 OCTOBER 2009 (30. 10.2009)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- HAN, Seon Kyoung
. gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8523

Form PCT/ISA/210 (second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2009/038704
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2002-0163509 A1 07.11.2002 AU 2002-245555 A8 04.03.2002
CN 1270226 C 16.08. 2006
CN 1527933 CO 08.09.2004
CN 1256653 C 17.05.2006
CN 1502090 CO 02.06.2004
CN 1502091 CO 02.06.2004
CN 1270227 C 16.08. 2006
EP 1428004 A2 16.06.2004
EP 1390908 A1 25.02.2004
EP 1382007 A2 21.01.2004
EP 1380007 A2 14.01.2004
JP 2004-527847 A 09.09.2004
JP 2005-502103 A 20.01.2005
JP 2004-531716 A 14.10.2004
JP 2005-508533 A 31.03.2005
KR 10-2004-0060849 A 06.07.2004
KR 10-2003-0090732 A 28.11.2003
KR 10-2003-0088061 A 15.11.2003
KR 10-2003-0088137 A 17.11.2003
US 2002-0180710 A1 05.12.2002
US 2002-0175836 A1 28.11.2002
US 2002-0149571 A1 17.10.2002
US 07196694 B2 27.03.2007
US 07190350 B2 13.03.2007
US 07183948 B2 27.02.2007
WO 2002-084244 A3 01.04.2004
WO 2002-084580 A1 24.10.2002
WO 2002-084579 A3 24.10.2002
WO 2002-084578 A3 24.10.2002
US 2004-0156168 A1 12.08.2004 AU 2003-300047 A1 06.09.2004
CN 1748197 A 15.03.2006
EP 1593032 A2 09.11.2005
JP 2006-514367 T 27.04.2006
KR 10-2005-0107424 A 11.11.2005
WO 2004-072842 A8 03.03.2005
US 2006-0181517 A1 17.08.2006 AU 2004-267727 B2 05.06.2008
CA 2535427 A1 03.03.2005
CA 2597500 A1 24.08.2006
EP 1656599 A4 11.04.2007
EP 2090965 A1 19.08. 2009
EP 1909161 A1 09.04.2008
EP 1691263 A1 16.08. 2006
GB 2423135 B 22.10.2008
GB 0518098 DO 12.10.2005

Form PCT/ISA/210 (patent family annex) (July 2008)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2009/038704

Patent document Publication Patent family Publication

cited in search report date member(s) date
GB 2445308 A 02.07.2008
GB 2457610 A 26.08.2009
JP 2008-532115 T 14.08.2008
JP 2009-217856 A 24.09.2009
JP 2007-503052 A 15.02.2007
KR 10-2007-0119094 A 18.12.2007
KR 10-2007-0110352 A 16.11.2007
KR 10-2006—-0081405 A 12.07.2006
KR 10-2008-0005459 A 11.01.2008
TW 273467 A 11.02.2007
US 2007-0273671 A1 29.11.2007
US 2007-0052691 A1 08.03.2007
US 2006-0250377 A1 09.11.2006
US 07499040 B2 03.03.2009
US 2005-0052425 A1 10.03.2005
WO 2005-019987 A3 03.03.2005
WO 2006-088499 A1 24.08.2006

US 05854625 A 29.12.1998 CN 1193768 A 23.09.1998
JP 10-198503 A 31.07.1998
KR 10-1998-0042097 A 17.08. 1998

JP 1998-198507 A 31.07.1998 None

JP 1993-035403 A 12.02. 1993 JP 3189304 B2 16.07.2001

Form PCT/ISA/210 (patent family annex) (July 2008)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report

