10

15

20

25

30

WO 2018/140364 PCT/US2018/014754

PRESSURE SENSITIVE STYLUS

FIELD AND BACKGROUND OF THE INVENTION

[0001] Styluses are known in the art for use with a computing device. Position detection of
a stylus provides input to a digitizer sensor associated with the computing device and may
be interpreted as user command. Position detection may be performed while a tip of the
stylus is either touching and/or hovering over a detection surface of the digitizer sensor. The
digitizer sensor is often integrated within an electronic display screen and the computing
device correlates position of the stylus with information portrayed on the screen.

[0002] Some styluses are pressure sensitive in that they sense and optionally report a level
of pressure applied on the stylus tip while a user is using the stylus. An application executed
on the computing device may then use this information. For example, a graphic application
may adjust line thickness or shade of a drawn line based on detected pressure levels.

SUMMARY OF THE INVENTION

[0003] The disclosure relates to a handheld device including a sensor for sensing pressure
applied on an interacting tip of the device. The handheld device may be, for example, a
stylus. According to embodiments of the disclosure, the sensor is an improved capacitive
based pressure sensor that may be implemented at low cost, has a relatively simple
construction and may provide improved sensitivity and accuracy.

[0004] Unless otherwise defined, all technical and/or scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. Although methods
and materials similar or equivalent to those described herein can be used in the practice or
testing of embodiments of the disclosure, example methods and/or materials are described
below. In case of conflict, the patent specification, including definitions, will control. In
addition, the materials, methods, and examples are illustrative only and are not intended to
be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0005] Some implementations of the disclosure are herein described, by way of example
only, with reference to the accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are by way of example and for
purposes of illustrative discussion of implementations of the disclosure. In this regard, the
description taken with the drawings makes apparent to those skilled in the art how
implementations of the disclosure may be practiced.

[0006] In the drawings:
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[0007] FIG. 1 is a simplified block diagram of an example pressure sensitive stylus;

[0008] FIGs. 2A and 2B are simplified schematic drawings of elements of an example
pressure sensor that may be integrated in the stylus, the sensor shown in a neutral and pressed
state respectively;

[0009] FIG. 3 is a simplified graph of capacitances that may be detected with an example
pressure sensor integrated in the stylus;

[0010] FIG. 4 is a simplified schematic drawing showing an alternate configuration for an
example pressure sensor integrated with a stylus;

[0011] FIG. 5 is a simplified schematic drawing showing yet another configuration for an
example pressure sensor integrated with a stylus;

[0012] FIG. 6 is a simplified schematic drawing showing an alternate dielectric layer for an
example pressure sensor integrated with a stylus; and

[0013] FIG. 7 is a simplified block diagram of an example computing device operated with
the pressure sensitive stylus.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

[0014] A handheld device with an interacting tip that is movable with respect to a housing
of the device includes a capacitive based pressure sensor for sensing pressure applied on the
tip while a user is operating the device. According to some example implementations, the
sensor includes a rigid element fixed to the interacting tip, an elastomer fixed to the housing
and a circuit to detect capacitive coupling between them. The rigid element and the elastomer
are positioned in the housing such that when pressure is applied on the interacting tip, the
rigid element moves toward the elastomer and presses against it. Both the rigid element and
the elastomer are electrically conductive. In some example implementations, the rigid
element is coated with an electrically isolating material that provides a dielectric separation
between the rigid element and the elastomer. Alternatively or additionally, the elastomer
may be coated with an electrically isolating material that provides the dielectric separation.
Pressure applied on the tip may be sensed based on a level of capacitive coupling detected.

[0015] Optionally, the rigid element is formed on one end of the tip or tip holder and is
integral with the interaction tip or a tip holder that holds the tip, e.g., formed as a single part.
By integrating the rigid element with an existing part in the device, the bill of materials may
be reduced, tolerances related to connecting parts may be eliminated, and any malfunction
due to disengagement between parts may be avoided. Another advantage in integrating the
rigid element with an existing part may be reducing space required to incorporate the

pressure sensor.
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[0016] Typically, one of the rigid element and the elastomer is dome shaped, coned shaped
or otherwise not flat so that an effective area of contact between the elements may change
as a function of pressure. This may improve a resolution at which pressure may be detected
since both proximity and contact area between the rigid element and elastomer may affect
the capacitive coupling detected.

[0017] In some implementations, a shape of the rigid element provides a desired force
curve,.e.g. a desired relationship between capacitive coupling detected and pressure applied
on the tip. An advantage of forming the desired shape with the rigid element and using a flat
elastomer is that the material of the rigid element, e.g., metal or conductive plastic, may be
shaped with lower tolerances than the elastomer. Due to the simplicity in the design and low
tolerances of the parts, the desired force curve may be consistent over time and over a range
of temperatures. In implementations in which the rigid element is integral to the tip or tip
holder, shaping the rigid element to a defined shape would likely not increase cost and would
likely eliminate a need to manufacture the elastomer in a required shape. When the desired
shape is provided by the rigid element, a flat elastomer may be selected from available off-
the-shelf products.

[0018] In some implementations, sensitivity of the sensor is improved by operating the
sensor with a thin non-conductive coating layer ranging between an order of magnitude of
10 nm and an order of magnitude of 10 um, e.g. less than 20 pm on rigid element. The
permittivity constant of the non-conductive coating may be selected to provide a dielectric
or non-conductive layer with desired properties.

[0019] In implementations in which the dielectric layer is a coating applied on the rigid
element, a thickness may be controllably limited to a desired thickness with low tolerances
using standard manufacturing methods, e.g. using an anodizing manufacturing process. By
controlling a thickness of the layer, accuracy of the sensor may be improved and
manufacturability variation between sensor may be reduced. This may eliminate the need to
calibrate each sensor. This implementation is advantageous over known methods of using a
layer of printed circuit board as the dielectric layer that is both thicker and associated with
higher tolerances with regard to its thickness as well as higher costs. In some examples,
defined texture is applied on the coating or part of the coating to reduce adhesion between
the coating and the elastomer during contact. Texture may also be applied at relatively low
cost during coating with standard manufacturing methods. Optional manufacturing methods
for adding texture may include for example abrasive blasting or erosion.

[0020] Reference is now made to FIG. 1 showing a simplified block diagram of an example
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pressure sensitive stylus. In some implementations, a stylus 100 includes a housing 110 that
houses a power source 105, one or more printed circuit board (PCB) assemblies 120 and
125, one or more user controlled buttons 130, a writing tip 150, a pressure sensor 200
associated with writing tip 150 and optional components 115, e.g. additional sensors. Power
source 105 may include one or more rechargeable batteries and/or super capacitors. PCB
assembly 120 may include an ASIC 121 that controls operation of stylus 100. During
operation of stylus 100, ASIC 121 may generate a signal and the signal may be transmitted
via writing tip 150 or via a tip holder 155 associated with writing tip 150.

[0021] Writing tip 150 is typically configured to slide in and out of housing 110 in response
to contact pressure applied on an end 151. An elastic element 160 such as a coil spring may
be coupled to housing 110 and writing tip 150 and may provide a resilient force against
movement of writing tip 150. In some implementations, writing tip 150 is fixed, e.g. press
fitted to tip holder 155 and tip holder 155 is mechanically coupled to elastic element 160. A
range of motion of writing tip 150 may be in the order of magnitude of a 10 um, e.g. 0-80
um.

[0022] Pressure sensor 200 may be a capacitive-based sensor that includes a rigid element
220 as a first electrode of a capacitor and an elastomer 210 as a second electrode of the
capacitor. Pressure detected by pressure sensor 200 is related to capacitive coupling between
rigid element 220 and elastomer 210. Rigid element 220 may be fixed to writing tip 150 and
may press against elastomer 210 when contact pressure is applied on end 151 of writing tip
150. Both rigid element 220 and elastomer 210 may be formed from conductive material. In
some example implementations, rigid element 220 is coated with a layer of isolating material
225 that provides electrical isolation, e.g. a dielectric layer between rigid element 220 and
elastomer 210 during physical contact.

[0023] In some example implementations, elastomer 210 is a flat element mounted on PCB
125. PCB 125 with elastomer 210 may be fixed to housing 110 so that elastomer 210 faces
rigid element 220, e.g. at an angle that is generally perpendicular to a longitudinal axis 101
of stylus 100. In some implementations, rigid element 220 may be dome shaped, coned
shaped or otherwise not flat so that surface contact between rigid element 220 and elastomer
210 may change as rigid element 220 engages elastomer 210 with increased pressure. Rigid
element 220 may be an extension of tip holder 155 and formed from the same material, e.g.
metal or conductive plastic.

[0024] Elastomer 210 is electrically connected to PCB 120 and power source 105. In some

implementations, ASIC 121 controls charging at least one of rigid element 220 and
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elastomer 210 for operation of pressure sensor 200. Pressure sensor 200 additionally
includes a capacitive measurement unit to detect capacitive coupling between rigid element
220 and elastomer 210. The capacitive measurement unit may also be embedded in ASIC
121. Optionally, the capacitive measurement unit is an off-the-shelf unit, e.g. charge
amplifier.

[0025] Output from pressure sensor 200 may be digitally encoded, e.g. by ASIC 121 and
used to modulate a signal to be transmitted by stylus 100. The signal may be modulated to
include information obtained from pressure sensor 200, as well as state of button(s) 130,
stylus ID, battery health status, information from other sensors embedded within or
communicating with the stylus and/or other information. In some example implementations,
the information transmitted is pressure level. Optionally, the information transmitted is one
of a hover or touch state as detected by pressure sensor 200.

[0026] Reference is now made to FIGs. 2A and 2B showing simplified schematic drawings
of elements of an example pressure sensor that may be integrated in the stylus, the sensor
shown in a neutral and pressed state respectively. Pressure sensor 200 monitors a level of
capacitive coupling between rigid element 220 and elastomer 210. In some implementations,
during hover, e.g. while no contact force is applied on end 151 of writing tip 150, a defined
air gap 157 separates rigid element 220 from elastomer 210 (FIG. 2A). The air gap 157 may
be maintained with a preloading force applied by elastic element 160.

[0027] When a contact force 250 applied on end 151 overcomes the preload of elastic
element 160, writing tip 150 together with tip holder 155 and rigid element 220 moves
toward elastomer 210. As rigid element 220 approaches elastomer 210, air gap 157 decreases
and capacitive coupling increases. The resilient force applied by elastic element 160 may
restore air gap 157 once force 250 is removed.

[0028] As force 250 increases, rigid element 220 is pushed against and deforms elastomer
210 (FIG. 2B). Layer 225 maintains electrical isolation between rigid element 220 and
elastomer 210 during contact. Due to the dome shape of rigid element 220, surface contact
area between rigid element 220 and elastomer 210 increases as rigid element further presses
into and deforms elastomer 210. The increase in contact area increases capacitive coupling.
Elastomer 210 may typically regain its neutral shape as force 250 is released and rigid
element 220 is displaced from elastomer 210.

[0029] In some example implementations, a dielectric layer between rigid element 220 and
elastomer 210 is layer 225. In some example implementations, layer 225 is a thin oxidation

layer applied on rigid element 220 by using an anodizing process. The anodizing process for
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coating may be advantageous since it is low cost and can be applied to provide a thin layer
ranging from few nanometers to few microns, e.g. 10 nm to 10 um with relatively low
tolerances. In some implementations, layer 225 has a defined texture or roughness that may
be applied to reduce adhesion with elastomer 210 during contact. Optionally, layer 225 may
also be color coded so that its thickness may be readily detected based on color.

[0030] Reference is now made to FIG. 3 showing a simplified graph of capacitances that
may be detected with an example pressure sensor integrated in the stylus. In some
implementations, output from pressure sensor 200 is applied to differentiate between a hover
state and an ink state of stylus 100. Optionally, a cutoff between hover and ink occurs at a
predefined level of capacitance Cuar between rigid element 220 and elastomer 210. In one
example implementation, Cuzr corresponds to capacitance detected when rigid element
engages elastomer 210 with little to no force.

[0031] During an ink state (or touch state) of stylus 100, rigid element 220 may be engaged
with elastomer 210 and the capacitive coupling may be governed by a change in surface
contact area between rigid element 220 and elastomer 210 due to progressive deformation
of elastomer 210 with increase in force. The slope of this curve may typically be governed
by hardness of elastomer 210 and shape of rigid element 220.

[0032] Reference is now made to FIG. 4 showing a simplified schematic drawing showing
an alternate configuration for an example pressure sensor integrated with a stylus. In some
implementations, rigid element 220 is integrated as part of writing tip 153. Rigid element
220 is formed at an end of writing tip 153 that is distal to end 151. Writing tip 153 (including
rigid element 220) may be machined from metal or molded with conductive plastic. Writing
tip 153 may additionally include a flange 156 for supporting elastic element 160.

[0033] Reference is now made to FIG. 5 showing a simplified schematic drawing showing
yet another configuration for an example pressure sensor integrated with a stylus. Pressure
sensor 200 is assembled such that rigid element 220 engages elastomer 210 during a neutral
state of writing tip 150, e.g., when no force is applied at end 151 of writing tip 150. In this
example configuration air gap 157 (as shown in FIG. 2B) is eliminated. Optionally, in a
configuration with no air gap 157, elastic properties of elastomer 210 may be used in place
of elastic element 160 (for example, by eliminating elastic element 160).

[0034] Reference is now made to FIG. 6 showing a simplified schematic drawing of an
alternate dielectric layer for an example pressure sensor integrated with a stylus. The
dielectric layer 215 between rigid element 220 and elastomer 210 is integrated on elastomer

210 instead of rigid element 220. For example, elastomer 210 may be coated with a layer of



10

20

25

30

WO 2018/140364 PCT/US2018/014754

silicone or other none conductive material such as a plasma. Layer 215 may be a thin layer
of thickness that ranges between an order of magnitude of 10 nm and an order of magnitude
of 10 um, e.g. less than 20 pm. Optionally, layer 215 may be color coded to differentiate
between different thickness. Optionally, layer 215 may be applied with a texture to reduce
adhesion with rigid element 220 during contact.

[0035] Reference is now made to FIG. 7 showing a simplified block diagram of an example
computing device operated with the pressure sensitive stylus. According to some
implementations, a computing device 10 includes a display screen 45 that is integrated with
a digitizer sensor 50. Digitizer sensor 50 may be a grid based capacitive sensor formed from
conductive strips 51 that are operative to detect both input by pressure sensitive stylus 100
transmitting a signal and input by one or more fingertips 46 or other conductive objects.
Digitizer sensor 50 may be operated by digitizer circuitry 25 and may be in communication
with host 22.

[0036] Pressure applied on a tip of stylus 100 may be sensed with pressure sensor 200
included in stylus 100. In some example implementations, output sensor 200 is transmitted
by stylus 100 and picked up by one or more conductive lines 51. Optionally, output from
sensor 200 is encoded in a position signal transmitted by stylus 100. Optionally, information
indicating an ink or hover operational state, as detected by sensor 200, is encoded in the
position signal transmitted by stylus 100. Optionally, output from sensor 200 is transmitted
in response to a query signal transmitted by digitizer circuitry 25.

[0037] Output from digitizer circuitry 25 is reported to host 22. The output provided by
digitizer circuitry 25 includes coordinates of stylus 200, a pressure state or level of a tip of
stylus 200 and/or coordinates of one or more fingertips 46 interacting with digitizer sensor
50. Optionally, digitizer circuitry 25 reports a hover or ink state for stylus 200. Optionally,
digitizer circuitry 25 reports pressure applied on the stylus tip. Optionally, some and/or all
of the functionality of digitizer circuitry 25 are integrated and/or included in host 22.

[0038] According to some implementations an apparatus includes a housing; a tip
configured to move with respect to the housing based on contact force applied to the tip; and
a pressure sensor configured to detect force applied on the tip based on movement of the tip,
wherein the sensor includes: a first element integrated or fixed to the tip, wherein the first
element is formed from a rigid material that is conductive; a second element that is stationary
with respect to the housing and positioned to face the first element, wherein the second
element is conductive and has elastic properties, wherein one of the first element or the

second element is coated with a non-conductive layer, and wherein the first element is
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configured to move toward the second element based on force applied on the tip and to
deform the second element based on the force; and a circuit configured to detect capacitance
between the first element and the second element.

[0039] Optionally, the first element is dome shaped or coned shaped.

[0040] Optionally, the second element is an elastomer.

[0041] Optionally, the second element has a flat shape.

[0042] Optionally, the non-conductive layer is between 10 nm and 20 pm thick.

[0043] Optionally, the non-conductive layer includes a texture configured to reduce
adhesion between the first element and the second element.

[0044] Optionally, the first element is formed from metal and the non-conductive layer is
anodized layer formed on the metal.

[0045] Optionally, the non-conductive layer is a silicon layer applied on the second element.
[0046] Optionally, the apparatus includes an elastic element mechanically coupled to the
housing and the tip, wherein the elastic element is configured to provide a pre-load force on
the tip.

[0047] According to some implementations a stylus includes a housing, a writing tip
configured to move with respect to the housing based on contact force applied the writing
tip, and a pressure sensor configured to detect force applied on the writing tip based on
movement of the writing tip, wherein the sensor includes: a first element configured to move
together with the writing tip, wherein the first element is formed from a rigid material that
is conductive; a second element that is stationary with respect to the housing and positioned
to face the first element, wherein the second element is a conductive elastomer, wherein one
of the first element is coated with a non-conductive layer, and wherein the first element is
configured to move toward the second element based on force applied on the tip and to
deform the second element based on the force; and a circuit configured to detect capacitance
between the first element and the second element.

[0048] Optionally, the first element is dome shaped or coned shaped.

[0049] Optionally, the writing tip is an elongated element including a first end configured to
extend out of the housing and a second end maintained in the housing, wherein the second
end includes the first element.

[0050] Optionally, the writing tip is machined from metal.

[0051] Optionally, the writing tip is molded with conductive plastic.

[0052] Optionally, the stylus includes a tip holder, wherein the writing tip is an elongated

element including a first end configured to extend out of the housing and a second end



10

WO 2018/140364 PCT/US2018/014754

maintained in the housing and wherein the tip holder is connected to the second end of the
writing tip and includes the first element.

[0053] Optionally, the second element has a flat shape.

[0054] Optionally, the non-conductive layer is between 10 nm and 20 um thick.

[0055] Optionally, the non-conductive layer is patterned with a defined texture.

[0056] Optionally, the first element is formed from metal and the non-conductive layer is a
colored layer coated on the metal.

[0057] Optionally, the stylus includes spring mechanically coupled to the housing and the
writing tip, wherein the spring is configured to provide a pre-load force on the writing tip.
[0058] Certain features of the examples described herein, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the examples described herein, which are, for
brevity, described in the context of a single embodiment, may also be provided separately or
in any suitable sub-combination or as suitable in any other described embodiment of the
disclosure. Certain features described in the context of various embodiments are not to be
considered essential features of those embodiments, unless the embodiment is inoperative

without those elements.
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CLAIMS
1. An apparatus comprising;
a housing;

a tip configured to move with respect to the housing based on contact force applied
to the tip; and

a pressure sensor configured to detect force applied on the tip based on movement of
the tip, wherein the sensor includes:

a first element integrated or fixed to the tip, wherein the first element is
formed from a rigid material that is conductive;

a second element that is stationary with respect to the housing and
positioned to face the first element, wherein the second element is conductive and
has elastic properties,

wherein one of the first element or the second element is coated with a non-
conductive layer, and wherein the first element is configured to move toward the
second element based on force applied on the tip and to deform the second element
based on the force; and
a circuit configured to detect capacitance between the first element and the second
element.
2. The apparatus according to claim 1, wherein the first element is dome shaped or
coned shaped.
3. The apparatus according to claim 1 or claim 2, wherein the second element is an
elastomer.
4. The apparatus according to any one of claims 1-3, wherein the second element has a
flat shape.
5. The apparatus according to any one of claims 1-4, wherein the non-conductive layer
is between 10 nm and 20 pm thick.
6. The apparatus according to any one of claims 1-5, wherein the non-conductive layer
includes a texture configured to reduce adhesion between the first element and the second
element.
7. The apparatus according to any one of claims 1-6, wherein the first element is formed
from metal and the non-conductive layer is anodized layer formed on the metal.
8. The apparatus according to any one of claims 1-6, wherein the non-conductive layer
is a silicon layer applied on the second element.

9. The apparatus according to any one of claims 1-8, comprising an elastic element
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mechanically coupled to the housing and the tip, wherein the elastic element is configured
to provide a pre-load force on the tip.

10. The apparatus according to any one of claims 1-9, wherein the apparatus is a stylus
and wherein the tip is a writing tip of the stylus.

11.  The apparatus according to claim 10, wherein the writing tip is an elongated element
including a first end configured to extend out of the housing and a second end maintained in
the housing, wherein the second end includes the first element.

12.  The apparatus according to claim 11 wherein the writing tip is machined from metal.
13. The apparatus according to claim 11 wherein the writing tip is molded with
conductive plastic.

14.  The apparatus according to claim 10, comprising a tip holder, wherein the writing tip
is an elongated element including a first end configured to extend out of the housing and a
second end maintained in the housing and wherein the tip holder is connected to the second
end of the writing tip and includes the first element.

15.  The apparatus according to any one of claims 10-14, wherein the first element is

formed from metal and the non-conductive layer is a colored layer coated on the metal.
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