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Description

BACKGROUND

[0001] Computing devices (e.g., tablet computers, personal digital assistants) often include touch screens that enable
the computing devices to detect touch commands and/or hover commands. For instance, a touch screen may include
any of a variety of elements that are responsive to resistance, capacitance, and/or light for enabling detection of such
commands. A touch screen usually includes a sensor matrix, which includes an array of row sensors and an array of
column sensors. Each of the sensors in the arrays is typically configured to detect an object when the object is placed
within a certain proximity to the sensor. For instance, an amount of resistance, capacitance, and/or light detected by the
sensor may indicate whether the object is proximate the sensor. A location of the object with respect to the touch screen
may be determined based on the amount(s) of resistance, capacitance, and/or light that are detected by one or more
of the sensors.
[0002] A stylus is an object that is commonly used to provide input to a touch screen. For instance, the stylus may be
used to write a message on the touch screen and/or to select icons that are displayed on the touch screen. It is desirable
for a detected location of the stylus to be as close as possible to the physical location at which the stylus is touching the
touch screen or being used to point at the touch screen. However, in practice, the detected location differs from the
physical location, and the difference (referred to as the position error) typically increases as the stylus is tilted away from
an orientation that is normal (i.e., perpendicular) to the touch screen.
[0003] An electrostatic stylus is a stylus that generates an active signal (e.g., broadcast signal) for detection by a
capacitive sensor matrix. An active electrostatic stylus often is detectable at greater distances from a sensor matrix than
a passive stylus. However, the configuration of a conventional active electrostatic stylus typically does not facilitate
estimation of the tilt of the electrostatic stylus. For instance, the active signal induced by a conventional electrostatic
stylus onto sensor matrix electrodes may be too localized in space (or equivalently, too weak at matrix electrodes which
are not immediate neighbors of the contact point) to enable tilt angle estimation. Accordingly, electrostatic styluses
traditionally are quite susceptible to position error.
[0004] US 2014/002422 discloses a stylus for use with a digitizer sensor including a housing confined by a first and
second end, a primary tip positioned at the first end of the housing and associated with a first transmitting element, and
a secondary tip positioned at the second end of the housing and associated with a second transmitting element. It further
discloses an additional ring-shaped electrode close to the primary tip. WO2012177573 A2 discloses a tilt-detecting
electrostatic stylus with active primary and secondary electrodes. EP2339432 A2 discloses an electrostatic stylus with
active primary and secondary electrodes.

SUMMARY

[0005] The invention provides a device as claimed in claim 1. Various devices are described herein that include spaced
electrodes. For instance, the spaced electrodes may serve to, among other things, increase signal strength, facilitate
tilt estimation, and/or facilitate correction of tilt-dependent position error. In one example, a spaced distance between
the electrodes may cause a capacitance between the electrodes to exceed a capacitance threshold. In another example,
an impedance component (e.g., a resistor or a capacitor) may be coupled between the electrodes. In accordance with
this example, the impedance component may provide an impedance that is less than an impedance threshold. This
impedance may be further designed to cause an absolute difference between voltages induced by the respective elec-
trodes onto the sensor matrix to exceed a voltage threshold.
[0006] The invention is defined by the independent claim. Further aspects of the invention are outlined in the dependent
claims. If the term embodiment is used for describing unclaimed combinations of features, the term should be understood
as referring to examples useful for understanding the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0007] The accompanying drawings, which are incorporated herein and form part of the specification, illustrate em-
bodiments of the present invention and, together with the description, further serve to explain the principles involved
and to enable a person skilled in the relevant art(s) to make and use the disclosed technologies.

FIG. 1 is a perspective view of an example system that includes a computing device and an input device including
spaced electrodes in accordance with an embodiment.
FIG. 2 is a block diagram of an example computing device that includes a sensor matrix in accordance with an
embodiment.
FIG. 3 is a cross-sectional view of a portion of an example electrostatic device having spaced electrodes in accordance
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with an embodiment.
FIG. 4 is an example equivalent model of the portion of the electrostatic device shown in FIG. 3 utilizing a single
drive circuit in accordance with an embodiment.
FIG. 5 is an example circuit diagram based on the equivalent model shown in FIG. 4 in accordance with an embod-
iment.
FIG. 6 is a graphical representation of tilt of an electrostatic device, as measured by a sensor matrix of a computing
device, in accordance with an embodiment.
FIG. 7 is an example equivalent model of the portion of the electrostatic device shown in FIG. 3 utilizing two drive
circuits in accordance with an embodiment.
FIG. 8 is an example circuit diagram based on the equivalent model shown in FIG. 7 in accordance with an embod-
iment.
FIG. 9 is an example circuit diagram, which is equivalent to the circuit diagram shown in FIG. 8 when SW1 and SW2
are closed, VI is driving an arbitrary voltage waveform, and V2 is driving 0V, in accordance with an embodiment.
FIG. 10 is an example circuit diagram, which is equivalent to the circuit diagram shown in FIG. 8 when SW1 is
closed, SW2 is open, and VI is driving an arbitrary voltage waveform, in accordance with an embodiment.
FIGS. 11 and 13 are example drive circuits for generating active signals in accordance with embodiments.
FIGS. 12 and 14 are timing diagrams associated with the drive circuits shown in FIGS. 11 and 13, respectively, in
accordance with embodiments.
FIGS. 15A, 16A, and 17 are cross-sectional views of example electrostatic devices having spaced electrodes in
accordance with embodiments.
FIGS. 15B and 16B are end views of the electrostatic devices shown in FIGS. 15A and 16A, respectively, in ac-
cordance with embodiments.
FIGS. 18-21 are illustrations showing generation of capacitance maps in accordance with embodiments.

[0008] The features and advantages of the disclosed technologies will become more apparent from the detailed
description set forth below when taken in conjunction with the drawings, in which like reference characters identify
corresponding elements throughout. In the drawings, like reference numbers generally indicate identical, functionally
similar, and/or structurally similar elements. The drawing in which an element first appears is indicated by the leftmost
digit(s) in the corresponding reference number.

DETAILED DESCRIPTION

I. Introduction

[0009] The following detailed description refers to the accompanying drawings that illustrate exemplary embodiments
of the present invention. However, the scope of the present invention is not limited to these embodiments, but is instead
defined by the appended claims. Thus, embodiments beyond those shown in the accompanying drawings, such as
modified versions of the illustrated embodiments, may nevertheless be encompassed by the present invention.
[0010] References in the specification to "one embodiment," "an embodiment," "an example embodiment," or the like,
indicate that the embodiment described may include a particular feature, structure, or characteristic, but every embod-
iment may not necessarily include the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Furthermore, when a particular feature, structure, or characteristic is
described in connection with an embodiment, it is submitted that it is within the knowledge of one skilled in the relevant
art(s) to implement such feature, structure, or characteristic in connection with other embodiments whether or not explicitly
described.

II. Example Embodiments

[0011] Example devices described herein include spaced electrodes. In one example, a spaced distance between the
electrodes may cause a capacitance between the electrodes to exceed a capacitance threshold. In another example,
an impedance component (e.g., a resistor or a capacitor) may be coupled between the electrodes. In accordance with
this example, the impedance component may provide an impedance that is less than an impedance threshold. This
impedance may be further designed to cause an absolute difference between voltages induced by the respective elec-
trodes to exceed a voltage threshold.
[0012] Example devices described herein have a variety of benefits as compared to conventional devices for providing
input to a computing device. For instance, an example device may be capable of increasing the accuracy with which a
computing device is capable of determining a physical location of the device or a portion thereof (e.g., a point on the
device or the portion thereof that is closest to a sensor matrix). The increased accuracy may reduce a difference between
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the physical location and a detected location of the device that is calculated by the computing device.
[0013] Rather than treating cross-coupling between electrodes as parasitic and undesirable, the example devices
described herein may be configured to use such cross-coupling for a beneficial purpose, including but not limited to
increasing an effective area of an electrode of the device, amplifying a signal that is coupled to a touch screen of a
computing device, and increasing tilt and/or twist estimation accuracy. For instance, such beneficial purposes may be
achieved by controlling the cross-coupling between the electrodes by configuring the spacing between the electrodes
of the device accordingly. Associated circuits in the device and algorithms for determining locations of the electrodes
therein, for determining tilt of the device with respect to the touch screen, and/or for determining twist of the device about
a longitudinal axis of the device may be configured to take into consideration the configured spacing between the
electrodes.
[0014] For example, having spaced electrodes as described herein may serve to increase signal strength of signals
generated by the device and/or to spatially widen the response of the device. In accordance with this example, a signal
that is provided to a first electrode of the device may be capacitively coupled to second electrode(s) of the device to
increase the signal strength of the device and/or to spatially widen the response of the device. For instance, the second
electrode(s) may electrostatically couple respective signal(s) to a touch screen of a computing device (e.g., at prescribed
level(s)) based on the signal that is provided to the first electrode as a result of the first electrode being capacitively
coupled to the second electrode(s). A device having spaced electrodes as described herein may have a greater signal
strength, as compared to conventional devices, for the same drive voltage. This additional signal strength may provide
additional noise immunity (e.g., a higher signal-to-noise ratio) for the device and/or enable detection of the device at a
greater hover height with respect to a touch screen of a computing device.
[0015] In another example, having the spaced electrodes may facilitate tilt estimation and/or tilt-dependent error cor-
rection. In accordance with this example, the device may include separate drive circuits for generating respective active
signals to be electrostatically coupled to a touch screen of a computing device. Electrostatically coupling the active
signals to the touch screen may facilitate a determination of a tilt and/or a twist of the device. Tilt indicates an angle of
the device with respect to an axis that is normal (i.e., perpendicular) to a touch screen. Twist indicates an amount of
rotation of the device about an axis (e.g., a longitudinal axis), which is along a length of the device, with reference to a
point in a plane that is perpendicular to the axis. Knowledge of the tilt and/or the twist of a device may enable inking
features associated with the device to be utilized. Examples of an inking feature include but are not limited to changing
a line thickness that is produced by the device, changing an extent to which writing of the device blends with a background
on which the writing is overlaid, opacity of the writing, and taper of the writing. For instance, such inking features may
be more pronounced in scenarios in which an electrode of a device is used to represent a tip that is non-symmetrical
(e.g., wedge-shaped), such as the tip of a calligraphy pen, a marker, or a paint brush.
[0016] FIG. 1 is a perspective view of an example system 100 in accordance with an embodiment. The system 100
includes a computing device 102 and an input device 104. The computing device 102 is a processing system that is
capable of receiving input from the input device 104. An example of a processing system is a system that includes at
least one processor that is capable of manipulating data in accordance with a set of instructions. For instance, a processing
system may be a computer (e.g., a tablet computer, a laptop computer, or a desktop computer) or a personal digital
assistant.
[0017] The computing device 102 includes a touch display module 106, processor(s) 112, a memory 114, and a receive
circuit 118. The touch display module 106 may include any of a variety of components, including but not limited to a
touch/stylus sensor, touch/stylus electronics, a backlight, display electronics, cover glass, circuit boards, flexible printed
circuits, and adhesive layers. For instance, the touch display module 106 is configured to include a touch screen. Touch
and/or hover functionality of the touch display module 106 is enabled by the receive circuit 118, which is capable of
sensing objects that are placed proximate the touch display module 106. For example, the receive circuit 118 may sense
a location at which an object physically touches the touch display module 106. In accordance with this example, no
space is between the object and the cover glass of the touch display module 106. In another example, the receive circuit
118 may sense a location at which an object hovers over the touch display module 106. In accordance with this example,
the object and the touch display module 106 are spaced apart and do not touch. The receive circuit 118 receives input
from such objects via active or passive signals at locations on the touch display module 106 that correspond to locations
of the objects. The touch display module 106 includes pixels having characteristics that are capable of being modified
in response to receipt of such input at the locations on the touch display module 106 that correspond to the pixels.
[0018] The processor(s) 112 are capable of performing operations based on instructions that are stored in the memory
114 (e.g., in response to receipt of input from the input device 104). For instance, the processor(s) 112 are configured
to determine locations of spaced electrodes 108, which are included in the input device 104, based on input that is
received by the receive circuit 118 from the input device 104. The processor(s) 112 are capable of modifying one or
more characteristics of the pixels in the touch display module 106 in response to such input. As shown in FIG. 1, the
processor(s) 112 have caused writing 110 to be displayed on the touch display module 106 by changing characteristic(s)
of the corresponding pixels in the touch display module 106. More particularly, the processor(s) 112 have caused the
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word "Hello" to be displayed on the touch display module 106 in response to at least one of the spaced electrodes 108
of the input device 104 tracing the word "Hello" along a path that is proximate the touch display module 106.
[0019] The memory 114 stores computer-readable instructions that are executable by the processor(s) 112 to perform
operations. The memory 114 may include any suitable type of memory, including but not limited to read only memory
(ROM), random access memory (RAM), or flash memory.
[0020] The input device 104 includes the aforementioned spaced electrodes 108, a transmit circuit 120, and proces-
sor(s) 124. The spaced electrodes 108 may be configured to enable the computing device 102 to more accurately track
one or more of the electrodes 108 or a portion thereof (e.g., an edge of an electrode that is closest to the touch display
module 106) when the input device 104 is tilted from a position that is normal to the touch display module 106. Accordingly,
the spaced electrodes 108 may be configured to cause the location where writing is displayed on the touch display
module 106 to more closely match the intended location of a user of the input device 104 (e.g., when the input device
104 is placed in a traditional writing position). For instance, the electrodes 108 may be configured to cause the estimated
location of an electrode as determined by the processor(s) 112 (i.e., the detected location of the electrode) to track a
point on the electrode that is closest to the touch display module 106.
[0021] The electrodes 108 may be configured to enable the computing device 102 to more accurately determine a tilt
of the input device 104 with respect to the touch display module 106 and/or a twist of the input device 104 about an axis
that extends along the length of the input device 104. The tilt and/or the twist of the input device 104 may be used by
processor(s) 112 of the computing device 102 to determine tilt-dependent and/or twist-dependent attribute(s) (e.g., line
thickness, blending, opacity, or taper) to be applied to the writing 110. Further details regarding some embodiments in
which a device has spaced electrodes are provided below with reference to FIGS. 2-17.
[0022] The transmit circuit 120 is configured to transmit an input to the computing device 102 to cause the processor(s)
112 to determine a location of the writing electrode 108.
[0023] The processor(s) 124 are configured to generate the input that is transmitted to the computing device 102 via
the transmit circuit 120.
[0024] Each of the computing device 102 and the input device 104 may be electrically connected to a common DC
ground, though the scope of the example embodiments is not limited in this respect. For instance, the computing device
102 and the input device 104 may have capacitively coupled grounds, which may be achieved by a user grasping the
computing device 102 and the input device 104.
[0025] FIG. 2 is a block diagram of an example computing device 200 in accordance with an embodiment. The
computing device 200 includes a sensor matrix 228 and measurement logic 230. The sensor matrix 228 includes a
plurality of column electrodes 232A-232H and a plurality of row electrodes 234A-234K. The plurality of column electrodes
232A-232H are arranged to be substantially parallel with a Y-axis, as shown in FIG. 2. The plurality of row electrodes
234A-234K are arranged to be substantially parallel with an X-axis. The plurality of column electrodes 232A-232H are
arranged to be substantially perpendicular to the plurality of row electrodes 234A-234K. A first pitch, L1, between adjacent
column electrodes 232A-232H indicates a distance between the midpoints of the adjacent column electrodes 232A-
232H. A second pitch, L2, between adjacent row electrodes 234A-234K indicates a distance between the midpoints of
the adjacent row electrodes 234A-234K. The first pitch, L1, and the second pitch, L2, may be any suitable values. The
first pitch, L1, and the second pitch, L2, may be the same or have different values. For instance, the first pitch, L1, and/or
the second pitch, L2, may be approximately 2 mm, 3 mm, 4 mm, or 5 mm.
[0026] Placement of an object (e.g., one or more of the electrodes 108) proximate a subset (e.g., one or more) of the
column electrodes 232A-232H and a subset (e.g., one or more) of the row electrodes 234A-234K causes a change of
capacitance to occur between the object and the electrodes in those subsets. For instance, such placement of the object
may cause the capacitance to increase from a non-measurable quantity to a measurable quantity. The change of
capacitance between the object and each electrode in the subsets may be used to generate a "capacitance map," which
may correlate to a shape of the object. For instance, a relatively greater capacitance change may indicate that a distance
between the object and the corresponding electrode is relatively small. A relatively lesser capacitance change may
indicate that a distance between the object and the corresponding electrode is relatively large. Accordingly, a capacitance
map, which indicates capacitance changes associated with respective electrodes in the subsets, may indicate the shape
of the obj ect.
[0027] In an example embodiment, placement of an object proximate the sensor matrix 228 at point A causes a first
capacitance between the object and the row electrode 234C to change, a second capacitance between the object and
the row electrode 234D to change, a third capacitance between the object and the column electrode 232D to change,
and a fourth capacitance between the object and the column electrode 232E to change. It will be recognized that
capacitances between the object and other respective electrodes may change, as well. For instance, the capacitances
between the object and those other respective electrodes may change so long as the object is within a designated
proximity (3 mm, 5 mm, 7 mm, 10 mm, etc.) to those other electrodes. However, such changes would be less than the
changes to the first, second, third, and fourth capacitances mentioned above due to the greater proximity of the object
to those other electrodes. Accordingly, the discussion will focus on the first, second, third, and fourth capacitances
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mentioned above for ease of understanding, though it will be recognized that capacitances between the object and the
other respective electrodes may be taken into consideration in practice.
[0028] The measurement logic 230 is configured to determine a location of an object that is placed proximate the
sensor matrix 228 based on capacitance changes that are sensed by the plurality of column electrodes 232A-232H and
the plurality of row electrodes 234A-234K or respective subsets thereof. Accordingly, in the example embodiment men-
tioned above, the measurement logic 230 determines (e.g., estimates) the location, A, of the object based on the changes
to the first, second, third, and fourth capacitances sensed at respective electrodes 234C, 234D, 232D, and 232E. For
instance, the measurement logic 230 may estimate (X,Y) coordinates of the location, A. It will be recognized that the
estimated coordinates of the location, A, may correspond to a centroid or a center of mass of the object.
[0029] Determining the location, A, of the object with an accuracy on the order of the first pitch, L1, and/or the second
pitch, L2, is relatively straightforward. For instance, a location of a column electrode at which a greatest capacitance
change is sensed with respect to the object may indicate (e.g., provide an estimate of) an X coordinate of the location,
A. A location of a row electrode at which a greatest capacitance change is sensed with respect to the object may indicate
(e.g., provide an estimate of) a Y coordinate of the location, A.
[0030] One way to increase the accuracy of the estimate that is determined by the measurement logic 230 is to
decrease the first pitch, L1, between adjacent column electrodes 232A-232H and/or the second pitch, L2, between
adjacent row electrodes 234A-234K. Another way to increase the accuracy is to interpolate (e.g., as a continuous function)
the capacitance changes that are sensed by the plurality of column electrodes 232A-232H and the plurality of row
electrodes 234A-234K or respective subsets thereof. For instance, in accordance with the example embodiment men-
tioned above, the measurement logic 230 interpolates the changes to the first, second, third, and fourth capacitances
to determine the location, A.
[0031] FIG. 3 is a cross-sectional view of a portion 300 of an example electrostatic device (e.g., input device 104) in
accordance with an embodiment. The portion 300 includes a first electrode 336, a second electrode 338, electrically
insulating material (hereinafter "insulator") 340, a member 342, and a guide shaft 344. Each of the first electrode 336
and the second electrode 338 may be fabricated from any suitable electrically conductive material, such as aluminum.
The first electrode 336 and the second electrode 338 are separated by a spaced distance, G. The spaced distance, G,
may be configured to be within any suitable range of distances. For instance, the spaced distance, G, may be configured
to be in a range of 25-50 micrometers (mm), 50-100 mm, or 100-150 mm. The first electrode 336 has a width in a plane
that is perpendicular to an axis 348, which extends along the length of the first electrode 336. The width may be configured
to be within any suitable range of widths, including but not limited to 0.7-0.9 millimeters (mm), 0.9-1.1 mm, and 1.1-1.3 mm.
[0032] The insulator 340 electrically insulates the first electrode 336 and the second electrode 338 from the member
342. The insulator 340 may be fabricated from any suitable insulating material, such as non-conductive plastic. The
insulator 340 is configured to separate the second electrode 338 from the member 342 by at least an insulation distance,
S. The insulation distance, S, may be configured to be within any suitable range of distances. For instance, the insulation
distance, S, may be configured to be in a range of 0.3-0.5 millimeters (mm), 0.5-0.7 mm, or 0.7-0.9 mm.
[0033] The member 342 provides structural support for the electrostatic device. The member 342 may be electrically
conductive. The member 342 may be electrically grounded during operation, for example, by a user grasping the member
342.
[0034] The guide shaft 344 guides the first electrode 336 along the axis 348. For instance, the guide shaft 344 may
allow the first electrode 336 to move along the axis 348 while limiting movement of the first electrode 336 in a radial
direction that is perpendicular to the axis 348. The guide shaft 344 may be fabricated from any suitable electrically
conductive material, such as steel or aluminum.
[0035] The example ranges for width of the first electrode 336, the spaced distance, G, and the insulation distance,
S, mentioned above are provided for illustrative purposes and are not intended to be limiting. It will be recognized that
the width of the first electrode 336, the spaced distance, G, and the insulation distance, S, may be any suitable values.
[0036] The portion 300 of the electrostatic device in FIG. 3 is shown to include two electrodes 336 and 338 for illustrative
purposes and is not intended to be limiting. It will be recognized that the portion 300 of the electrostatic device shown
in FIG. 3 may include any suitable number of electrodes (e.g., 3, 4, or 5 electrodes). For example, the first electrode
336 may be segmented into multiple first electrodes. In another example, the second electrode 336 may be segmented
into multiple second electrodes. As will be discussed in further detail below with reference to FIG. 17, an impedance
component (e.g., a resistor and/or a capacitor) may be electrically connected between the first electrode 336 (or a
segment thereof) and the second electrode 338 (or a segment thereof). In an embodiment, the guide shaft 344 is
electrically coupled to the first electrode 336. For instance, the first electrode 366 may come into contact with the guide
shaft 344 as the first electrode 336 moves along the axis 348. In accordance with this embodiment, an impedance
component may be electrically connected between the guide shaft 344 and the second electrode (or a segment thereof)
in order to form an electrical connection between the first electrode 336 (or the segment thereof) and the second electrode
(or a segment thereof). It will be further recognized that the electrostatic device may include any suitable number of drive
circuits to drive the various electrodes in the electrostatic device. For instance, FIGS. 4-5 are described below with
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reference to an electrostatic device that includes two electrodes and a single drive circuit for non-limiting illustrative
purposes. FIGS. 6-10 are described below with reference to an electrostatic device that includes two electrodes and
two drive circuits for non-limiting illustrative purposes.
[0037] FIG. 4 is an example equivalent model 400 of the portion 300 of the electrostatic device shown in FIG. 3 utilizing
a single drive circuit 337 in accordance with an embodiment. The equivalent model 400 is shown to include the first
electrode 336, the second electrode 338, the insulator 340, and the member 342, all of which are depicted in FIG. 3. A
sensor matrix is represented by a line 328 for illustrative purposes. The equivalent model 400 further includes a first
capacitance, C1, between the first electrode 336 and the sensor matrix 328; a second capacitance, C2, between the
second electrode 338 and the sensor matrix 328; a third capacitance, C10, between the first electrode 336 and the
member 342; a fourth capacitance, C20, between the second electrode 338 and the member 342; a designated capac-
itance, C12, between the first electrode 336 and the second electrode 338; and a sensor capacitance, Cd, between
sensor(s) of the sensor matrix 328 that measure respective voltages that are received from the electrostatic device as
a result of the drive circuit 337 generating an active signal (e.g., a voltage signal), V1. For instance, the voltages may
include a first voltage associated with the first electrode 336 and a second voltage associated with the second electrode
338. The equivalent model 400 ignores resistances for purposes of illustration and is not intended to be limiting. It will
be recognized that the sensor capacitance, Cd, may be replaced by a wire if the voltages are measured by a single
sensor of the sensor matrix 328.
[0038] The designated capacitance, C12, may be substantially greater than the other capacitances, C1, C2, C10,
C20, and Cd shown in FIG. 4. For instance, the designated capacitance, C12, may be greater than or equal to five times
each of the other capacitances, greater than or equal to ten times each of the other capacitances, or greater than or
equal to twenty times each of the other capacitances. The designated capacitance, C12, may be substantially increased
with respect to the other capacitances by configuring the spaced distance, G, between the first electrode 336 and the
second electrode 338 to be less than a suitable distance threshold and/or by physically connecting a capacitor having
a capacitance that exceeds a suitable capacitance threshold between the first electrode 336 and the second electrode
338. For instance, increasing the designated capacitance, C12, as described herein may cause the first electrode 336
and the second electrode 338 to behave as though the first electrode 336 and the second electrode 338 are a common,
single electrode, though the first electrode 336 and the second electrode 338 remain separated by the spaced distance, D.
[0039] The second capacitance, C2, may be greater than the first capacitance, C1, though the scope of the example
embodiments is not limited in this respect. For instance, configuring the first and second electrodes 336 and 338 such
that the second capacitance, C2, is greater than the first capacitance, C1, may cause a total capacitance between the
electrostatic device and the sensor matrix 328 to increase by more than 100%, as compared to a configuration of the
electrostatic device in which the electrostatic device does not include the second electrode 338. Configuring the second
capacitance, C2, to be greater than the first capacitance, C1, may increase the linearity of the electrostatic device and/or
a height at which the electrostatic device is capable of being detected when the electrostatic device hovers over the
sensor matrix 328. Configuring the second capacitance, C2, to be greater than the first capacitance, C1, may decrease
latency and/or jitter associated with the electrostatic device. The aforementioned benefits resulting from the second
capacitance, C2, being greater than the first capacitance, C1, may be achieved without increasing a cross-sectional
area of the first electrode 336 in a plane that is perpendicular to the axis 348 (shown in FIG. 3).
[0040] Some example factors that may cause the second capacitance, C2, to be greater than the first capacitance,
C1, include but are not limited to the second electrode 338 having a larger surface area than the first electrode 336 and
the second electrode 338 coming closer than the first electrode 336 to certain elements of the sensor matrix 328 when
the electrostatic device is tilted.
[0041] It should be noted that if not properly modeled, the designated capacitance, C12, and the second capacitance,
C2, may act to increase tails of the response detected by the sensor matrix 328, which may substantially increase tilt-
dependent offset errors (i.e., position errors) associated with the electrostatic device. A substantial increase of such
errors may significantly degrade the user experience of a user who uses the electrostatic device. However, proper
modeling can take advantage of the improved signal strength to perform tilt estimation and/or tilt-dependent error com-
pensation.
[0042] FIG. 5 is an example circuit diagram 500 based on the equivalent model 400 shown in FIG. 4 in accordance
with an embodiment. As shown in FIG. 5, circuit diagram 500 includes nodes A, B, D, E, and F. The first capacitance,
C1, is coupled between nodes D and E. The second capacitance, C2, is coupled between nodes A and B. The sensor
capacitance, Cd, is coupled between nodes A and D. The designated capacitance, C12, is coupled between nodes B
and E. The third capacitance, C10, is coupled between nodes E and F. The fourth capacitance, C20, is coupled between
nodes B and F. The drive circuit 337 is coupled between node E and an electrical ground. Node F is coupled to an
electrical ground. A first voltage, V1’, is a voltage at node D. A second voltage, V2’, is a voltage at node A. The first
voltage, V1’ may be induced by the active signal, V1, that is electrostatically coupled to the sensor matrix 328 by the
first electrode 336. The second voltage, V2’, may be induced by a secondary signal that is electrically coupled to the
sensor matrix 328 by the second electrode 338. The secondary signal may be based on the first active signal, VI.
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[0043] The voltages, V1’ and V2’, are measurable at the sensor matrix 328. For instance, the voltages, V1’ and V2’,
may be measured by the same sensor of the sensor matrix 328 or by different sensors of the sensor matrix 328. Tilt of
the electrostatic device may be determined based on the voltages, V1’ and V2’. One example technique for determining
tilt of an electrostatic device is described below with reference to FIG. 6.
[0044] FIG. 6 is a graphical representation 600 of azimuth of an electrostatic device, as measured by a sensor matrix
(e.g., sensor matrix 228 or 328) of a computing device, in accordance with an embodiment. For purposes of illustration,
the graphical representation 600 will be discussed with respect to the first electrode 336 and the second electrode 338
shown in FIGS. 3-4. In FIG. 6, a location of the centroid of the first electrode 336 is labeled as "E1 Centroid," and a
location of the centroid of the second electrode 338 is labeled as "E2 Centroid." The graphical representation 600 includes
an X axis and a Y axis. The X and Y axes are in the plane of the sensor matrix 328. A Z axis is normal to the plane of
the sensor matrix 328. The location of the centroid of the first electrode 336, E1 Centroid, is shown to be at coordinates
(x1,y1). The location of the centroid of the second electrode 338, E2 Centroid, is shown to be at coordinates (x1+dx,y1+dy).
Note that by definition, (x2,y2) = (x1+dx,y1+dy). It will be recognized that (x1,y1) and (x2,y2) may correspond to the
respective locations on the sensor matrix 328 at which the respective voltages, V1’ and V2’, are measured.
[0045] The distance, d, represents a distance between the centroids of the first and second electrodes 336 and 338.
The distance, dx, represents a projection of the distance, d, on the X axis. The distance, dy, represents a projection of
the distance, d, on the Y axis. The distance, d, the distance dy, and/or the distance, dx, are determined by the computing
device based on signals that are received from the first and second electrodes 336 and 338. On a device that can
independently estimate the locations of the first and second electrodes 336 and 338, a calibration function may be
produced that maps the four values (x1,y1,dx,dy) into the tilt angle, θ, of the electrostatic device with the Z axis (i.e., the
axis that is normal to the plane of the sensor matrix 328). Some configurations may allow for this calibration function to
be decoupled into one calibration function for the X axis and another calibration function for the Y axis. Namely, one
function may map (x1,dx) into θx, the angle between the Z axis and the projection of the electrostatic device onto the
XZ plane. The other function may map (y1,dy) into θy, the angle between the Z axis and the projection of the electrostatic
device onto the YZ plane. These calibration functions may be defined by interpolating lookup tables or least-squares
fitting. The tilt orientation, α, of the projection of the electrostatic device onto the plane of the sensor matrix 328, measured
with respect to the X axis, may be calculated using the following equation: 

[0046] FIG. 7 is an example equivalent model 700 of the portion 300 of the electrostatic device shown in FIG. 3 utilizing
two drive circuits 337 and 737 in accordance with an embodiment. The equivalent model 700 is shown to include all of
the components that are included in the equivalent model 400 of FIG. 4. For instance, equivalent model 700 includes a
first drive circuit 337, which is configured to generate a first active signal, V1. The equivalent model 700 further includes
a first switch, SW1; a second switch, SW2; and a second drive circuit 737. The first switch, SW1, is coupled between
the first electrode 336 and the first drive circuit 337. The second switch, SW2, is coupled between the second electrode
338 and the second drive circuit 737. The second drive circuit 737 is configured to generate a second active signal, V2.
In FIG. 7, the sensor capacitance, Cd, is between sensor(s) of the sensor matrix 328 that measure the voltages, V1’
and V2’. The equivalent model 700 ignores resistances for purposes of illustration and is not intended to be limiting. It
will be recognized that the sensor capacitance, Cd, may be replaced by a wire if the voltages, V1’ and V2’, are measured
by a single sensor.
[0047] FIG. 8 is an example circuit diagram 800 based on the equivalent model 700 shown in FIG. 7 in accordance
with an embodiment. As shown in FIG. 8, circuit diagram 800 includes nodes A, B, D, E, and F, which are also shown
in the circuit diagram 500 of FIG. 5. The capacitances, C1, C2, Cd, C12, C10, and C20 are coupled among the nodes
A, B, D, E, and F as described above with reference to FIG. 5. The circuit diagram 800 further includes nodes G and H.
The first switch, SW1, is coupled between nodes G and E. The first drive circuit 337 is coupled between node G and an
electrical ground. The second switch, SW2, is coupled between nodes B and H. The second drive circuit 737 is coupled
between node H and an electrical ground.
[0048] A first voltage, VI’, is a voltage at node D. A second voltage, V2’, is a voltage at node A. The first voltage, V1’
may be induced by the first active signal, V1, which is electrostatically coupled to the sensor matrix 328 by the first
electrode 336. The second voltage, V2’, may be induced by the second active signal, V2, which is electrically coupled
to the sensor matrix 328 by the second electrode 338. The second active signal, V2, may be based on the first active
signal, VI. The voltages, V1’ and V2’, are measurable at the sensor matrix 328. For instance, the voltages, V1’ and V2’,
may be measured by the same sensor of the sensor matrix 328 or by different sensors of the sensor matrix 328.
[0049] FIGS. 9 and 10 are discussed below to show the usefulness of configuring the designated capacitance, C12,
to be greater than or equal to a capacitance threshold while ensuring a detectable difference between the voltages, V1’
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and V2’.
[0050] FIG. 9 is an example circuit diagram 900, which is equivalent to the circuit diagram 800 shown in FIG. 8 when
the first switch, SW1, and the second switch, SW2, are closed, in accordance with an embodiment. Furthermore, the
first drive circuit 337 is assumed to be driving an arbitrary waveform, while the second drive circuit 737 is driving 0V. As
shown in FIG. 9, circuit diagram 900 includes nodes A, B, D, and E. The capacitances, C1, C2, Cd, and C12 are coupled
among the nodes A, B, D, and E as described above with reference to FIG. 8. The circuit diagram 900 does not include
the third capacitance, C10, because the first drive circuit 337 is assumed to have sufficiently low output impedance and
is thus not affected by capacitive loading. The circuit diagram 900 does not include the fourth capacitance, C20, because
closing the second switch, SW2, shorts node B to an electrical ground potential.
[0051] FIG. 10 is an example circuit diagram 1000, which is equivalent to the circuit diagram 800 shown in FIG. 8
when the first switch, SW1, is closed and the second switch, SW2, is open, in accordance with an embodiment. Fur-
thermore, the first drive circuit 337 is assumed to be driving an arbitrary waveform, while the second drive circuit 737 is
driving 0V. As shown in FIG. 10, circuit diagram 1000 includes nodes A, B, D, and E. The capacitances, C1, C2, Cd,
and C12 are coupled among the nodes A, B, D, and E as described above with reference to FIG. 8. The circuit diagram
1000 does not include the third capacitance, C10, because the first drive circuit 337 is assumed to have sufficiently low
output impedance and is thus not affected by capacitive loading. The circuit diagram 1000 is different form the circuit
diagram 900 shown in FIG. 9 in that the circuit diagram 1000 includes the fourth capacitance, C20, which is coupled
between node B and an electrical ground potential.
[0052] With regard to FIGS. 9 and 10, it may be assumed for purposes of illustration that the first signal, V1, is an
alternating current (AC) waveform and that the second signal, V2, has a fixed direct current (DC) voltage, though the
scope of the example embodiments is not limited in this respect. By comparing FIGS. 9 and 10, it will be clear to a person
skilled in the relevant art(s) that having the second switch, SW2, open enables more charge to be transferred from node
E to nodes A and D. For instance, as shown in FIG. 9, closing the second switch, SW2, is equivalent to replacing the
fourth capacitance, C20, with a wire, which attenuates the voltages, V1’ and V2’ and reduces the amount of charge
transferred from the electrostatic device to the sensor matrix 328. An equivalent interpretation is that holding the second
signal, V2, steady with the second switch, SW2, closed causes the second electrode 338 to shield an electric field that
would otherwise exist between the first electrode 336 and the sensor matrix 328, thereby reducing charge transfer.
[0053] Also, configuring the designated capacitance, C12, to be greater than or equal to a capacitance threshold
increases charge transfer from node E to nodes A and D and reduces an absolute difference between the voltages, V1’
and V2’. In the extreme case, if the second switch, SW2, is open and the designated capacitance, C12, is relatively
large with respect to the other capacitances, C1, C2, Cd, and C20, then the first and second voltages, V1’ and V2’, may
be substantially equal, which may cause the first and second electrodes 336 and 338 to behave like a single electrically
connected part. Thus, for the purpose of maximizing charge transfer it may be desirable to configure the designated
capacitance, C12, to be large enough to cause an amount of charge that is transferred to nodes A and D to be greater
than or equal to a threshold amount without the designated capacitance, C12, being so large that the first and second
voltages, V1’ and V2’, are indistinguishable (e.g., incapable of being uniquely identified) by the sensor matrix 328.
[0054] It may be beneficial to control the first switch, SW1, and the second switch, SW2, such that one of the first and
second drive circuits 337 and 737 transfers charge at a time. To generalize this concept, when one electrode changes
state, all other electrodes may be floated (i.e., not held at a fixed potential). For instance, drive circuits associated with
the other electrodes may be configured to have relatively high output impedances to cause the other electrodes to float.
Causing the other electrodes to float when the one electrode changes state may enable detection of the electrostatic
device at a distance of up to 10-15 mm from the sensor matrix 328; whereas, allowing more than one electrode at a
time to have their respective drive circuits configured with a relatively low output impedance may reduce the distance
at which the electrostatic device is detectable to approximately 3-5 mm from the sensor matrix 328. These example
distances are provided for illustrative purposes and are not intended to be limiting.
[0055] It will be recognized that, in practice, switches do not close and open instantaneously. Accordingly, a suitable
tolerance (e.g., tens of nanoseconds or hundreds of nanoseconds) may be utilized for controlling the switches. Moreover,
electromagnetic compatibility (EMC) requirements may require transition times to be greater than or equal to a specified
time threshold, which may increase an amount of time that the switches remain closed. Some example drive circuits
and their corresponding timing diagrams are described below with reference to FIGS. 11-14.
[0056] FIG. 11 is an example drive circuit 1100 for generating active signals in accordance with an embodiment. The
drive circuit 1100 may be referred to as having a "push-pull configuration." For instance, the drive circuit 1100 includes
a P-type transistor, X1; an N-type transistor, X2; and a node N1. The P-type transistor, X1, is coupled between a reference
voltage, Vdd, and the node N1. The N-type transistor, X2, is coupled between the node N1 and an electrical ground.
Each of the P-type transistor, X1, and the N-type transistor, X2, includes a gate, a source, and a drain. The P-type
transistor, X1, is controlled by a SET signal at the gate of the P-type transistor, X1. The N-type transistor, X2, is controlled
by a RESET signal at the gate of the N-type transistor, X2. The drive circuit 1100 provides an active signal, Vn, at the
node N1. The active signal may be the first active signal, V1, described above with reference to FIGS. 4-5 and 7-10; the
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second active signal, V2, described above with reference to FIGS. 7-8; or other active signal.
[0057] FIG. 12 is a timing diagram 1200 associated with the drive circuit 1100 shown in FIG. 11 in accordance with
an embodiment. The timing diagram 1200 shows timing of transitions between high and low states for each of the active
signal, Vn, the SET signal, and the RESET signal described above with reference to FIG. 11. The active signal, Vn,
initiates transitions from a low state, L1, to a high state, HI, at times t1, t3, t5, and t7. These transitions are completed
at times t1+tr, t3+tr, t5+tr, and t7+tr. The active signal, Vn, initiates transitions from the high state, HI, to the low state,
L1, at times t2, t4, and t6. These transitions are completed at times t2+tf, t4+tf, and t6+tf. The SET signal is configured
to turn on (i.e., close) the P-type transistor, X1, for a duration indicated by a time window, W1, which surrounds each of
the transitions of the active signal, Vn, from the low state, L1, to the high state, H1. In this example, W1 > tr, such that
the P-type transistor, X1, is on long enough for Vn to settle at Vdd. Accordingly, the SET signal is configured to be in a
low state, L2, for the duration of each time window, W1, and in a high state, H2, otherwise. The RESET signal is configured
to turn on (i.e., close) the N-type transistor, X2, for a duration indicated by a time window, W2, which surrounds each of
the transitions of the active signal, Vn, from the high state, HI, to the low state, L1. In this example, W2 > tf, such that
the N-type transistor, X2, is on long enough for Vn to settle at 0V. Accordingly, the SET signal is configured to be in a
high state, H3, for the duration of each time window, W2, and in a low state, L3, otherwise. The duration of each of the
time windows, W1 and W2, may be any suitable value (e.g., in a range between 1 nanosecond and 10 microseconds).
For instance, the time windows, W1 and W2, may be configured to be just long enough to capture the entirety of the
corresponding transition and for the transition to become stable.
[0058] FIG. 13 is another example drive circuit 1300 for generating active signals in accordance with an embodiment.
The drive circuit 1300 may be referred to as an "inductive boost circuit." For instance, the drive circuit 1300 includes an
inductor, L; a first N-type transistor, X1; a second N-type transistor, X2; a diode, D1; a first node N1; and a second node
N2. The inductor, L1, is coupled between a reference voltage, Vdd, and the first node N1. The first N-type transistor,
X1, is coupled between the first node N1 and an electrical ground potential. An anode of the diode, D1, is coupled to
the first node, N1, and a cathode of the diode, D1, is coupled to the second node, N2. The second N-type transistor,
X2, is coupled between the second node, N2, and an electrical ground potential. Each of the first and second N-type
transistors, X1 and X2, includes a gate, a source, and a drain. The first N-type transistor, X1, is controlled by a SET
signal at the gate of the first N-type transistor, X1. The second N-type transistor, X2, is controlled by a RESET signal at
the gate of the second N-type transistor, X2. The drive circuit 1100 provides an active signal, Vn, at the second node
N2. The active signal may be the first active signal, VI, described above with reference to FIGS. 4-5 and 7-10; the second
active signal, V2, described above with reference to FIGS. 7-8; or other active signal.
[0059] FIG. 14 is a timing diagram 1400 associated with the drive circuit 1300 shown in FIG. 13 in accordance with
an embodiment. The timing diagram 1400 shows timing of transitions between high and low states for each of the active
signal, Vn, the SET signal, and the RESET signal described above with reference to FIG. 13. The active signal, Vn,
initiates transitions from a low state, L1, to a high state, HI, at times t1, t3, t5, and t7. These transitions are completed
at times t1+tr, t3+ tr, t5+ tr, and t7+ tr. The active signal, Vn, initiates transitions from the high state, HI, to the low state,
L1, at times t2, t4, and t6. These transitions are completed at times t2+tf, t4+ tf, and t6+ tf. The SET signal is configured
to turn on (i.e., close) the first N-type transistor, X1, for a duration indicated by a time window, W1. At the end of this
window, the first N-type transistor, X1, is commanded to turn off, causing the inductor, L1, to boost the voltage at node
N1, initiating the transition of the active signal, Vn, from the low state, L1, to the high state, HI. Accordingly, the SET
signal is configured to be in a high state, H2, for the duration of each time window, W1, and in a low state, L2, otherwise.
Note that for this inductive boost circuit, the duration of W1 is determined by how much energy to store in the inductor,
L1, and has no relation to the rise time tr. The RESET signal is configured to turn on (i.e., close) the second N-type
transistor, X2, for a duration indicated by a time window, W2, which surrounds each of the transitions of the active signal,
Vn, from the high state, H1, to the low state, L1. In this example, W2 > tf, such that the second N-type transistor, X2, is
on long enough for Vn to settle at 0V. Accordingly, the SET signal is configured to be in a high state, H3, for the duration
of each time window, W2, and in a low state, L3, otherwise.
[0060] Another technique for preventing electrodes from having simultaneous transitions is to drive the electrodes
with phase shifts. For instance, with regard to the first active signal, V1, and the second active signal, V2, shown in FIG.
7, the first active signal, V1, and the second active signal, V2, may be amplitude modulated with a specified phase shift
with respect to each other. Assuming the transitions of V1 and V2 occur at integer multiples of the same temporal interval
and are sufficiently fast, then a suitable phase shift will prevent the transitions of V1 and V2 from overlapping in time.
The specified phase shift may be 30 degrees, 60 degrees, 90 degrees, or other suitable value. For cases in which an
electrostatic device has more than two electrodes, appropriate phase shifts may be applied to the active signals that
are to be provided to the electrodes so that each active signal does not transition simultaneously with another of the
active signals. It will be recognized that CDMA modulation may be implemented with this technique because time-shifted
pseudo-random sequences are mutually orthogonal.
[0061] The embodiments described above have been discussed with reference to electrostatic devices having two
electrodes for illustrative purposes and are not intended to be limiting. It will be recognized that the embodiments are
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applicable to electrostatic devices that include more than two electrodes. It will be further recognized that the embodiments
are applicable to electrostatic devices that include more than two drive circuits.
[0062] For an electrostatic device that includes N electrodes, a sum of the capacitances between the sensor matrix
and the respective second through Nth electrodes may be greater than the capacitance between the sensor matrix and
the first electrode. The capacitance between the first electrode and each of the second through Nth electrodes may be
configured to cause voltages that are induced by the respective electrodes of the electromagnetic device and that are
measurable at the sensor matrix to be greater than or equal to a voltage threshold while causing an absolute difference
between the voltage induced by the first electrode and the voltage induced by each of the second through Nth electrodes
to be detectable by the sensor matrix.
[0063] The electrostatic device may be configured such that while one drive circuit is transferring charge (e.g., has
low output impedance, which may be modeled as a closed switch), the other drive circuits are floating their respective
electrodes (e.g., have high output impedances, which may be modeled as open switches). It will also be recognized that
more than two electrodes may be used to estimate twist of an electrostatic device. For example, the electrostatic device
may have a tip electrode (e.g., along a center axis of the electrostatic device) and a ring electrode (e.g., surrounding at
least a portion of the tip electrode). The ring electrode may be partitioned into sections (e.g., halves or quadrants), any
of which may or may not be driven independently. In accordance with this example, the sections of the ring electrode
may produce corresponding centroids whose offsets with respect to the tip electrode may be jointly mapped to tilt and
twist angles.
[0064] FIG. 15A is a cross-sectional view of an example electrostatic device 1500 in accordance with an embodiment.
Electrostatic device 1500 includes a member 1544, a first electrode 1508A, drive circuit(s) 1546, and a second electrode
1508B. The member 1544 has a proximal end, P, and a distal end, D, at opposing ends of an axis 1548. The member
1544 may be a rigid or semi-rigid body. The member 1544 may have a size and/or a shape of a conventional writing
pen or a conventional mechanical eraser, though the scope of the example embodiments is not limited in this respect.
For instance, the member 1544 may be approximately 150mm long and approximately 10mm in diameter or a different
size and/or shape.
[0065] The first electrode 1508A is positioned at the proximal end, P, of the member 1544. The first electrode 1508A
is configured to electrostatically couple a principal signal (e.g., first active signal VI) to a sensor matrix 1528 of a computing
device (e.g., computing device 102 or 200), such that an intensity of the principal signal that is sensed by the sensor
matrix 1528 increases as the first electrode 1508A approaches (e.g., gets near or approximates) the sensor matrix 1528.
In one example implementation, the first electrode 1508A may be configured to electrostatically couple the principal
signal to the sensor matrix 1528 in accordance with a writing operation. For instance, the writing operation may be
configured to cause writing to be displayed at a location on a display of the computing device that corresponds to a
location of the first electrode 1508A that is detected by the sensor matrix 1528. In another example implementation, the
first electrode 1508A may be configured to electrostatically couple the principal signal to the sensor matrix 1528 in
accordance with an erasure operation. For instance, the erasure operation may be configured to cause an erasure to
occur at a location on the display of the computing device that corresponds to the location of the first electrode 1508A
that is detected by the sensor matrix 1528. It will be recognized that the electrostatic coupling of the principal signal to
the sensor matrix 1528 by the first electrode 1508A need not be in accordance with a writing operation or an erasure
operation.
[0066] The drive circuit(s) 1546 are configured to generate the principal signal. The principal signal is an active signal.
[0067] The second electrode 1508B is positioned a spaced distance from the first electrode 1508A. The spaced
distance is configured to cause a designated capacitance (e.g., designated capacitance C12) between the first electrode
1508A and the second electrode 1508B to exceed a capacitance threshold. For instance, the spaced distance may be
configured to cause the designated capacitance to exceed the capacitance threshold to optimize a figure of merit with
regard to the electrostatic device 1500. The figure of merit may be a signal-to-noise ratio (SNR) or a signal strength
associated with the electrostatic device 1500. The SNR may be an SNR of a tilt estimate, an SNR of a tip location
estimate, or a combined estimate of location and tilt angle of the electrostatic device 1500. The capacitance threshold
may be predetermined. The spaced distance is further configured to cause the second electrode 1508B to electrostatically
couple a secondary signal (e.g., second active signal V2), which is based on the principal signal, to the sensor matrix
1528 as the first electrode 1508A is placed proximate the sensor matrix 1528.
[0068] An estimated location of the first electrode 1508A on the sensor matrix 1528, as detected by the sensor matrix
1528, is represented by a first location, X1. For instance, the first location, X1, may correspond to the electrical centroid
of the first electrode 1508A on the sensor matrix 1528. An estimated location of the second electrode 1508B on the
sensor matrix 1528, as detected by the sensor matrix 1528, is represented by a second location X2. For instance, the
second location, X2, may correspond to the electrical centroid of the second electrode 1508B on the sensor matrix 1528.
As shown in FIG. 15A, the electrical centroid of the first electrode 1508A is closer than the electrical centroid of the
second electrode 1508B to the proximal end, P, of the member 1544. Accordingly, the first location, X1, is closer than
the second location, X2, to the proximal end, P, of the member 1544.
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[0069] The first electrode 1508A is configured to be a tip electrode, which extends along a portion of the axis 1548,
for non-limiting illustrative purposes. The second electrode 1508B is configured to be a ring electrode that surrounds a
portion of the first electrode 1508A for non-limiting illustrative purposes. It will be recognized that the first and second
electrodes 1508A and 1508B may be any suitable size and shape and may have any suitable orientation in the electrostatic
device 1500.
[0070] In a first embodiment, the principal signal is configured to induce a first voltage that is measurable at the sensor
matrix 1528. In accordance with this embodiment, the secondary signal is configured to induce a second voltage that is
measurable at the sensor matrix 1528. In further accordance with this embodiment, the spaced distance is further
configured to cause an absolute difference between the first voltage and the second voltage to exceed a voltage threshold.
[0071] In a second embodiment, the first electrode 1508A and the second electrode 1508B are configured such that
a second capacitance (e.g., second capacitance C2) between the second electrode 1508B and the sensor matrix 1528
is greater than a first capacitance between the first electrode 1508A and the sensor matrix 1528. For example, the
second electrode 1508B may be configured to be larger than the first electrode 1508A.
[0072] In a third embodiment, the second electrode 1508B is configured to be a passive slug. A passive slug is
conductive material that is not directly driven by an active signal. However, a passive slug may be indirectly driven by
an active signal. For instance, an active signal that directly or indirectly drives another electrode may be electrostatically
coupled to the passive slug, thereby indirectly driving the passive slug. In accordance with this embodiment, the drive
circuit(s) 1546 do not directly drive the second electrode 1508B.
[0073] In a fourth embodiment, a function of the principal signal and the secondary signal as measured by the sensor
matrix 1528 estimates a tilt angle, θ, of the electrostatic device 1500 with respect to a vector 1550 that is normal to a
plane in which the sensor matrix 1528 is defined.
[0074] In a fifth embodiment, the drive circuit(s) 1546 include a first drive circuit and a second drive circuit. The first
drive circuit is configured to generate the principal signal. The second drive circuit is configured to generate an auxiliary
signal (i.e., a second active signal). In accordance with this embodiment, the second electrode 1508B is configured to
electrostatically couple the auxiliary signal to the sensor matrix 1528 as the first electrode 1508A is placed proximate
the sensor matrix 1528. In further accordance with this embodiment, a function of the principal signal and the auxiliary
signal as measured by the sensor matrix 1528 estimates the tilt angle, θ, of the electrostatic device 1500 with respect
to the vector 1550 that is normal to the plane in which the sensor matrix 1528 is defined.
[0075] In an aspect of the fifth embodiment, the first drive circuit may be configured to have a relatively low output
impedance during a first time period in which the principal signal is provided to the sensor matrix 1528. In accordance
with this aspect, the second drive circuit is configured to have a relatively low output impedance during a second time
period in which the secondary signal is coupled to the sensor matrix 1528. In further accordance with this aspect, the
first drive circuit is configured to have a relatively high output impedance during the second time period. In further
accordance with this aspect, the second drive circuit is configured to have a relatively high output impedance during the
first time period.
[0076] In another aspect of the fifth embodiment, the auxiliary signal may be phase shifted with respect to the principal
signal, such that the auxiliary and principal signals do not transition simultaneously. For example, the auxiliary signal
may be phase shifted by 30 degrees, 60 degrees or 90 degrees with respect to the principal signal. In another example,
the auxiliary signal may be phase shifted in combination with a CDMA modulation technique.
[0077] In a sixth embodiment, the second electrode 1508B surrounds at least a portion (e.g., an entirety) of the first
electrode 1508A in a plane that is perpendicular to the axis 1548.
[0078] FIG. 15B is an end view of the electrostatic device 1500 shown in FIG. 15A in accordance with an embodiment.
As shown in FIG. 15B, the first electrode 1508A is configured as a tip electrode, which is coincident with the axis 1548,
for non-limiting illustrative purposes. The second electrode 1508B is configured as a ring electrode that surrounds the
first electrode 1508B for non-limiting illustrative purposes. A twist angle, β, of the electrostatic device 1500 about the
axis 1548 is also depicted in FIG. 15B. The twist angle, β, indicates an amount of rotation of the electrostatic device
1500 about the axis 1548 with reference to a point in a plane that is perpendicular to the axis 1548.
[0079] FIG. 16A is a cross-sectional view of another example electrostatic device 1600 in accordance with an embod-
iment. Electrostatic device 1600 includes a member 1644 and drive circuit(s) 1646, which are operable in a manner
similar to the member 1544 and the drive circuit(s) 1546 shown in FIG. 15. The member 1644 has a proximal end, P,
and a distal end, D, at opposing ends of an axis 1648. Electrostatic device 1600 further includes a first electrode 1608A,
a second electrode 1608B, and a third electrode 1608C.
[0080] The first electrode 1608A is positioned at the proximal end, P, of the member 1644. The first electrode 1608A
is configured to electrostatically couple a principal signal (e.g., first active signal VI) to a sensor matrix 1628 of a computing
device (e.g., computing device 102 or 200).
[0081] Each of the second electrode 1608B and the third electrode 1608C is positioned a respective spaced distance
from the first electrode 1608A. The spaced distances are configured to cause designated capacitances between the
first electrode 1608A and the respective second and third electrodes 1608B and 1608C to exceed a capacitance threshold.
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The spaced distances are further configured to cause the second and third electrodes 1608B and 1608C to electrostat-
ically couple respective secondary signals, which are based on the principal signal, to the sensor matrix 1628 as the
first electrode 1608A is placed proximate the sensor matrix 1628.
[0082] An estimated location of the first electrode 1608A on the sensor matrix 1628, as detected by the sensor matrix
1628, is represented by a first location, X1. An estimated location of the second electrode 1608B on the sensor matrix
1628, as detected by the sensor matrix 1628, is represented by a second location, X2. An estimated location of the third
electrode 1608C on the sensor matrix 1628, as detected by the sensor matrix 1628, is represented by a third location, X3.
[0083] In a first embodiment, the principal signal is configured to induce a first voltage that is measurable at the sensor
matrix 1628. In accordance with this embodiment, the secondary signals associated with the respective second and
third electrodes 1608B and 1608C are configured to induce respective second voltages that are measurable at the
sensor matrix 1628. In further accordance with this embodiment, each spaced distance is further configured to cause
an absolute difference between the first voltage and the respective second voltages to exceed a voltage threshold.
[0084] In a second embodiment, the first electrode 1608A, the second electrode 1608B, and the third electrode 1608C
are configured such that a sum of capacitances between the sensor matrix 1528 and the respective second and third
electrodes 1608B and 1608C is greater than a capacitance (e.g., first capacitance C1) between the first electrode 1608A
and the sensor matrix 1628.
[0085] In a third embodiment, at least one of the second and third electrodes 1608B and 1608C is configured to be a
passive slug. In accordance with this embodiment, if one of the second and third electrodes 1608B and 1608C is
configured to be a passive slug, then the other one of the second and third electrodes 1608B and 1608C may be
configured to be driven by an active signal.
[0086] In a fourth embodiment, a function of the principal signal and at least one of the secondary signals as measured
by the sensor matrix 1628 estimates a tilt angle, θ, of the electrostatic device 1600 with respect to a vector 1650 that is
normal to a plane in which the sensor matrix 1628 is defined.
[0087] In a fifth embodiment, the drive circuit(s) 1546 include a first drive circuit and second drive circuit(s). The first
drive circuit is configured to generate the principal signal. The second drive circuit(s) are configured to generate respective
auxiliary signal(s), which are respective second active signal(s). In accordance with this embodiment, the second elec-
trode 1608B and/or the third electrode 1608C is configured to electrostatically couple the respective auxiliary signal(s)
to the sensor matrix 1628 as the first electrode 1608A is placed proximate the sensor matrix 1628. In further accordance
with this embodiment, a function of the principal signal and at least one of the auxiliary signal(s) as measured by the
sensor matrix 1628 estimates the tilt angle, θ, of the electrostatic device 1600 with respect to the vector 1650 that is
normal to the plane in which the sensor matrix 1628 is defined. In further accordance with this embodiment, a function
of the principal signal and at least one of the auxiliary signal(s) as measured by the sensor matrix 1628 estimates the
twist angle, β, of the electrostatic device 1600 with respect to the axis 1648. The twist angle, β, of the electrostatic device
1600 is shown in FIG. 16B, which is discussed in further detail below.
[0088] In an aspect of the fifth embodiment, the first drive circuit may be configured to have a relatively low output
impedance during a first time period in which the principal signal is coupled to the sensor matrix 1628. In accordance
with this aspect, the second drive circuit(s) are configured to have a relatively low output impedance during respective
second time period(s) in which the respective secondary signal(s) are coupled to the sensor matrix 1628. In further
accordance with this aspect, the first drive circuit is configured to have a relatively high output impedance during the
second time period(s). In further accordance with this aspect, each second drive circuit is configured to have a relatively
high output impedance during the first time period and during each of the second time period(s) (when the respective
secondary signal is not coupled to the sensor matrix 1628).
[0089] In another aspect of the fifth embodiment, each auxiliary signal may be phase shifted with respect to the principal
signal and with respect to each other auxiliary signal, such that none of the auxiliary and principal signals transition
simultaneously. For example, if the second drive circuit(s) include a single drive circuit, which corresponds to one of the
second and third electrodes 1608B and 1608C, the phase shift may be 180 / 2 = 90 degrees. In another example, if the
second drive circuit(s) include two drive circuits, which correspond to the respective second and third electrodes 1608B
and 1608C, the phase shift may be 180 / 3 = 60 degrees. These phase shifts may be combined with a CDMA modulation
technique, though the scope of the example embodiments is not limited in this respect.
[0090] In a sixth embodiment, the second and third electrodes 1608B and 1608C are included in a segmented ring
that surrounds at least a portion (e.g., an entirety) of the first electrode 1608A in a plane that is perpendicular to the axis
1648.
[0091] FIGS. 16B is an end view of the electrostatic device 1600 shown in FIG. 16A in accordance with an embodiment.
As shown in FIG. 16B the second and third electrodes 1608B and 1608C form respective segments of a segmented
ring that surrounds the first electrode 1608A. The twist angle, β, indicates an amount of rotation of the electrostatic
device 1600 about the axis 1648 with reference to a point in a plane that is perpendicular to the axis 1648.
[0092] FIG. 17 is a cross-sectional view of another example electrostatic device 1700 in accordance with an embod-
iment. Electrostatic device 1700 includes a first electrode 1708A, a second electrode 1708B, a member 1844, and drive
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circuit(s) 1746, which are operable in a manner similar to the first electrode 1508A, the second electrode 1508B, the
member 1544, and the drive circuit(s) 1546 shown in FIG. 15. For instance, the first electrode 1708A is configured to
electrostatically couple a principal signal to a sensor matrix of a computing device, and the second electrode 1708B is
configured to electrostatically couple a secondary signal, which is based on the principal signal, to the sensor matrix.
The principal signal induces a first voltage that is measurable at the sensor matrix. The secondary signal induces a
second voltage that is measurable at the sensor matrix. The member 1744 has a proximal end, P, and a distal end, D,
at opposing ends of an axis 1748.
[0093] Electrostatic device 1700 further includes an impedance component 1752, which is electrically connected
between the first electrode 1708A and the second electrode 1708B. The impedance component 1752 is configured to
provide a designated impedance that is less than an impedance threshold while causing an absolute difference between
a first voltage and a second voltage to exceed a voltage threshold. The first voltage is induced by an active signal that
is electrostatically coupled to a sensor matrix by the first electrode 1708A. The second voltage is induced by a secondary
signal that is electrically coupled to the sensor matrix by the second electrode 1708B. The impedance component may
include a resistor and/or a capacitor.
[0094] FIGS. 18-21 are illustrations 1800, 1900, 2000, and 2100 showing generation of capacitance maps in accord-
ance with embodiments. As shown in FIG. 18, an electrostatic device 1804 includes a first electrode 1808A and a second
electrode 1808B. The first and second electrodes 1808A and 1808B are separated by a spaced distance and/or connected
by an impedance component, such as a resistor or a capacitor. The electrostatic device 1804 further includes a single
drive circuit, which is electrically connected to the first electrode 1808A.
[0095] As depicted in FIG. 18, the electrostatic device 1804 is placed proximate a sensor matrix 1828 while the
electrostatic device 1804 is orthogonal to the sensor matrix 1828, causing a first capacitance map, which corresponds
to capacitance changes that are detected by sensors of the sensor matrix 1828, to be generated. A top view of the first
capacitance map is represented by a first shape 1858. A top view of a second capacitance map, which would result in
absence of the second electrode 1808B (e.g., in a conventional electrostatic device), is represented by a second shape
1860 for purposes of comparison. A side view of the first capacitance map is represented by a first curve 1862. A side
view of the second capacitance map is represented by a second curve 1864 for purposes of comparison. The first and
second curves 1862 and 1864 are shown in an XY plot, where the X axis represents distance along a surface of the
sensor matrix 1828 and the Y axis represents change of capacitance (ΔC).
[0096] As can be seen in FIG. 18, the first capacitive map is larger than the second capacitive map due to the addition
of the second electrode 1808B. The increased size of the first capacitance map, as compared to the second capacitance
map, may increase an effective area of the first electrode 1808A and/or amplify a signal that is coupled to the touch
screen 1828 by the electrostatic device 1804. For instance, the additional signal strength may provide additional noise
immunity (e.g., a higher signal-to-noise ratio) for the electrostatic device 1804 and/or enable detection of the electrostatic
device 1804 at a greater hover height with respect to the signal matrix 1828.
[0097] FIG. 19 shows the electrostatic device 1804 of FIG. 18 being placed proximate the sensor matrix 1828 while
the electrostatic device 1804 is not orthogonal to the sensor matrix 1828, causing a third capacitance map, which
corresponds to capacitance changes that are detected by the sensors of the sensor matrix 1828, to be generated. A top
view of the third capacitance map is represented by a third shape 1958. A top view of a fourth capacitance map, which
would result in absence of the second electrode 1808B (e.g., in a conventional electrostatic device), is represented by
a fourth shape 1960 for purposes of comparison. A side view of the third capacitance map is represented by a third
curve 1962. A side view of the fourth capacitance map is represented by a fourth curve 1964 for purposes of comparison.
The third and fourth curves 1962 and 1964 are shown in an XY plot, where the X axis represents distance along the
surface of the sensor matrix 1828 and the Y axis represents change of capacitance (ΔC).
[0098] The fourth capacitive map depicted in FIG. 19 is substantially the same as the second capacitive map depicted
in FIG. 18, meaning that the capacitive map for an electrostatic device having a single electrode does not significantly
change as the electrostatic device is tilted from an orthogonal position with respect to the sensor matrix 1828. The
second capacitive map merely moves to a different location on the XY plane to provide the fourth capacitive map.
Accordingly, an algorithm for determining tilt of an electrostatic device may not be capable of distinguishing a true pen
movement from a tilt for an electrostatic device that includes a single electrode. For an electrostatic device (e.g., elec-
trostatic device 1804) having two or more electrodes, the capacitive response becomes asymmetrical about an axis
containing its peak (point of maximum amplitude) as the electrostatic device is tilted. The amount of asymmetry increases
as the tilt increases. For example, as the electrostatic device tilts to the right, the capacitive map becomes longer and
wider on the right side, as shown in FIG. 19. This degree of asymmetry and/or the shape of the capacitive map can be
quantified by a variety of methods, and used to estimate the tilt angle.
[0099] It also should be noted that as the electrostatic device is tilted, the peak (point of maximum amplitude) of its
capacitive map no longer coincides with the point where the tip touches or hovers over the display glass, indicated by
line 1966. Knowledge of the tilt angle can be used to produce a correct estimate of the electrostatic device tip location, P.
[0100] In FIG. 20, an electrostatic device 2004 includes a first electrode 2008A and a second electrode 2008B. The
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first and second electrodes 2008A and 2008B are separated by a spaced distance and/or connected by an impedance
component, such as a resistor or a capacitor. The electrostatic device 2004 further includes first and second drive circuits,
which are electrically connected to the respective first and second electrodes 2008A and 2008B.
[0101] As depicted in FIG. 20, the electrostatic device 2004 is placed proximate a sensor matrix 2028 while the
electrostatic device 2004 is orthogonal to the sensor matrix 2028. Two scenarios are depicted in FIG. 20. In the first
scenario, the first drive circuit is active, and the second drive circuit is not active. In the first scenario, placing the
electrostatic device 2004 proximate the sensor matrix 2028 causes a first capacitance map to be generated. A top view
of the first capacitance map is represented by a first shape 2068. A side view of the first capacitance map is represented
by a first curve 2072.
[0102] In the second scenario, the first drive circuit is not active, and the second drive circuit is active. In the second
scenario, placing the electrostatic device 2004 proximate the sensor matrix 2028 causes a second capacitance map to
be generated. A top view of the second capacitance map is represented by a second shape 2070. A side view of the
second capacitance map is represented by a second curve 2074.
[0103] The first and second curves 2072 and 2074 are shown in an XY plot, where the X axis represents distance
along a surface of the sensor matrix 2028 and the Y axis represents change of capacitance (ΔC). Due to the intentional
coupling between the first and second electrodes 2008A and 2008B, the first capacitance map has wider coverage than
the response of an electrostatic device that includes a single electrode, which is illustrated by the top view 1860 and the
side view 1864 in FIG. 18 and the top view 1960 and the side view 1964 in FIG. 19. This increases signal strength while
maintaining the detectability of the peak location (e.g., with other benefits described herein). The second capacitance
map has a peak that coincides with the peak of the first capacitance map. This also contributes signal strength to the
second capacitance map (e.g., with other benefits described herein).
[0104] The capacitance between the first and second electrodes 2008A and 2008B is configured to cause the absolute
difference |V1’-V2’| to exceed a threshold. Consequently, the first curve 2072 and the second curve 2074 do not coincide.
If V1’-V2’ become too small (e.g., by oversizing the coupling capacitance between the first and second electrodes 2008A
and 2008B) then the first curve 2072 and the second curve 2074 may become almost indistinguishable. In such case,
the benefits of using multiple drive circuits may be substantially diminished because the first and second capacitance
maps may become equivalent to a single capacitance map.
[0105] FIG. 21 shows the electrostatic device 2004 of FIG. 20 being placed proximate the sensor matrix 2028 while
the electrostatic device 2004 is not orthogonal to the sensor matrix 2028. Two scenarios are depicted in FIG. 21. In the
first scenario, the first drive circuit is active, and the second drive circuit is not active. In the first scenario, placing the
electrostatic device 2004 proximate the sensor matrix 2028 causes a third capacitance map to be generated. A top view
of the third capacitance map is represented by a third shape 2168. A side view of the third capacitance map is represented
by a third curve 2172.
[0106] In the second scenario, the first drive circuit is not active, and the second drive circuit is active. In the second
scenario, placing the electrostatic device 2004 proximate the sensor matrix 2028 causes a fourth capacitance map to
be generated. A top view of the fourth capacitance map is represented by a fourth shape 2170. A side view of the fourth
capacitance map is represented by a fourth curve 2174
[0107] As shown in FIG. 21, tilting the electrostatic device 2004 introduces an asymmetry onto both the first capacitance
map and the second capacitance map. These asymmetries and/or the shapes of the first and second capacitance maps
and/or the distance between the centroids of the first and second electrodes 2008A and 2008B may be used to estimate
the tilt angle associated with the electrostatic device 2004.

III. Further Discussion of Some Example Embodiments

[0108] A first example electrostatic device includes a member, a first electrode, a drive circuit, and a second electrode.
The member has a proximal end and a distal end at opposing ends of an axis. The first electrode is positioned at the
proximal end. The first electrode is configured to electrostatically couple a principal signal to a sensor matrix of a computing
device, such that an intensity of the principal signal that is sensed by the sensor matrix increases as the first electrode
approaches the sensor matrix. The drive circuit is configured to generate the principal signal. The principal signal is an
active signal. The second electrode is positioned a spaced distance from the first electrode. The spaced distance is
configured to cause a designated capacitance between the first electrode and the second electrode to exceed a capac-
itance threshold and to cause the second electrode to electrostatically couple a secondary signal, which is based on the
principal signal, to the sensor matrix as the first electrode is placed proximate the sensor matrix.
[0109] In a first aspect of the first example electrostatic device, the principal signal induces a first voltage that is
measurable at the sensor matrix. In accordance with the first aspect, the secondary signal induces a second voltage
that is measurable at the sensor matrix. In further accordance with the first aspect, the spaced distance is further
configured to cause an absolute difference between the first voltage and the second voltage to exceed a voltage threshold.
[0110] In a second aspect of the first example electrostatic device, the first electrode and the second electrode are
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configured such that a second capacitance between the second electrode and the sensor matrix is greater than a first
capacitance between the first electrode and the sensor matrix. The second aspect of the first example electrostatic
device may be implemented in combination with the first aspect of the first example electrostatic device, though the
example embodiments are not limited in this respect.
[0111] In a third aspect of the first example electrostatic device, the second electrode surrounds at least a portion of
the first electrode in a plane that is perpendicular to the axis. The third aspect of the first example electrostatic device
may be implemented in combination with the first and/or second aspect of the first example electrostatic device, though
the example embodiments are not limited in this respect.
[0112] In a fourth aspect of the first example electrostatic device, a function of the principal signal and the secondary
signal as measured by the sensor matrix estimates a tilt angle of the electrostatic device with respect to a vector that is
normal to a plane in which the sensor matrix is defined. The fourth aspect of the first example electrostatic device may
be implemented in combination with the first, second, and/or third aspect of the first example electrostatic device, though
the example embodiments are not limited in this respect.
[0113] In a fifth aspect of the first example electrostatic device, the first example electrostatic device further comprises
a second drive circuit configured to generate an auxiliary signal, the auxiliary signal being a second active signal. In
accordance with the fifth aspect, the second electrode is configured to electrostatically couple the auxiliary signal to the
sensor matrix as the first electrode is placed proximate the sensor matrix. In further accordance with the fifth aspect, a
function of the principal signal and the auxiliary signal as measured by the sensor matrix estimates a tilt angle of the
electrostatic device with respect to a vector that is normal to a plane in which the sensor matrix is defined.
[0114] In an example of the fifth aspect, the first drive circuit is configured to have a relatively low output impedance
during a first time period in which the principal signal is coupled to the sensor matrix. In accordance with this example,
the second drive circuit is configured to have a relatively low output impedance during a second time period in which
the secondary signal is coupled to the sensor matrix. In further accordance with this example, the first drive circuit is
configured to have a relatively high output impedance during the second time period. In further accordance with this
example, the second drive circuit is configured to have a relatively high output impedance during the first time period.
[0115] In another example of the fifth aspect, the auxiliary signal is phase shifted with respect to the principal signal,
such that the auxiliary and principal signals do not transition simultaneously.
[0116] The fifth aspect of the first example electrostatic device may be implemented in combination with the first,
second, third, and/or fourth aspect of the first example electrostatic device, though the example embodiments are not
limited in this respect.
[0117] In a sixth aspect of the first example electrostatic device, the second electrode is configured to be a passive
slug. The sixth aspect of the first example electrostatic device may be implemented in combination with the first, second,
third, and/or fourth aspect of the first example electrostatic device, though the example embodiments are not limited in
this respect.
[0118] A second example electrostatic device includes a member, a first electrode, a drive circuit, a second electrode,
and an impedance component. The first electrode is positioned at the proximal end. The first electrode is configured to
electrostatically couple a principal signal to a sensor matrix of a computing device, such that an intensity of the principal
signal that is sensed by the sensor matrix increases as the first electrode approaches the sensor matrix. The principal
signal induces a first voltage that is measurable at the sensor matrix. The drive circuit is configured to generate the
principal signal. The principal signal is an active signal. The second electrode is positioned a spaced distance from the
first electrode. The second electrode is configured to electrostatically couple a secondary signal, which is based on the
principal signal, to the sensor matrix as the first electrode is placed proximate the sensor matrix. The secondary signal
induces a second voltage that is measurable at the sensor matrix. The impedance component is electrically connected
between the first electrode and the second electrode. The impedance component is configured to provide a designated
impedance that is less than an impedance threshold while causing an absolute difference between the first voltage and
the second voltage to exceed a voltage threshold.
[0119] In a first aspect of the second example electrostatic device, the first electrode and the second electrode are
configured such that a second capacitance between the second electrode and the sensor matrix is greater than a first
capacitance between the first electrode and the sensor matrix.
[0120] In a second aspect of the second example electrostatic device, the second electrode surrounds at least a
portion of the first electrode in a plane that is perpendicular to the axis. The second aspect of the second example
electrostatic device may be implemented in combination with the first aspect of the second example electrostatic device,
though the example embodiments are not limited in this respect.
[0121] In a third aspect of the second example electrostatic device, the impedance component includes a resistor.
The third aspect of the second example electrostatic device may be implemented in combination with the first and/or
second aspect of the second example electrostatic device, though the example embodiments are not limited in this
respect.
[0122] In a fourth aspect of the second example electrostatic device, the impedance component includes a capacitor.
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The fourth aspect of the second example electrostatic device may be implemented in combination with the first, second,
and/or third aspect of the second example electrostatic device, though the example embodiments are not limited in this
respect.
[0123] In a fifth aspect of the second example electrostatic device, a function of the principal signal and the secondary
signal as measured by the sensor matrix estimates a tilt angle of the electrostatic device with respect to a vector that is
normal to a plane in which the sensor matrix is defined. The fifth aspect of the second example electrostatic device may
be implemented in combination with the first, second, third, and/or fourth aspect of the second example electrostatic
device, though the example embodiments are not limited in this respect.
[0124] In a sixth aspect of the second example electrostatic device, the second example electrostatic device further
comprises a second drive circuit configured to generate an auxiliary signal, the auxiliary signal being a second active
signal. In accordance with the sixth aspect, the second electrode is configured to electrostatically couple the auxiliary
signal to the sensor matrix as the first electrode is placed proximate the sensor matrix. In further accordance with the
sixth aspect, a function of the principal signal and the auxiliary signal as measured by the sensor matrix estimates a tilt
angle of the electrostatic device with respect to a vector that is normal to a plane in which the sensor matrix is defined.
[0125] In an example of the sixth aspect, the first drive circuit is configured to have a relatively low output impedance
during a first time period in which the principal signal is coupled to the sensor matrix. In accordance with this example,
the second drive circuit is configured to have a relatively low output impedance during a second time period in which
the secondary signal is coupled to the sensor matrix. In further accordance with this example, the first drive circuit is
configured to have a relatively high output impedance during the second time period. In further accordance with this
example, the second drive circuit is configured to have a relatively high output impedance during the first time period.
[0126] In another example of the sixth aspect, the auxiliary signal is phase shifted with respect to the principal signal,
such that the auxiliary and principal signals do not transition simultaneously.
[0127] The sixth aspect of the second example electrostatic device may be implemented in combination with the first,
second, third, fourth, and/or fifth aspect of the second example electrostatic device, though the example embodiments
are not limited in this respect.
[0128] A third example electrostatic device includes a member, a first electrode, a drive circuit, and a plurality of second
electrodes. The member has a proximal end and a distal end at opposing ends of an axis. The first electrode is positioned
at the proximal end. The first electrode is configured to electrostatically couple a principal signal to a sensor matrix of a
computing device, such that an intensity of the principal signal that is sensed by the sensor matrix increases as the first
electrode approaches the sensor matrix. The drive circuit is configured to generate the principal signal. The principal
signal is an active signal. The plurality of second electrodes is configured to electrostatically couple a plurality of respective
secondary signals, which are based on the principal signal, to the sensor matrix as the first electrode is placed proximate
the sensor matrix. Each second electrode of the plurality of second electrodes is positioned a respective spaced distance
from the first electrode. Each spaced distance is configured to cause a respective designated capacitance between the
first electrode and the respective second electrode to exceed a capacitance threshold.
[0129] In a first aspect of the third example electrostatic device, the principal signal induces a first voltage that is
measurable at the sensor matrix. In accordance with the first aspect, the plurality of secondary signals induces a plurality
of respective second voltages that are measurable at the sensor matrix. In further accordance with the first aspect, each
spaced distance is further configured to cause an absolute difference between the first voltage and the respective second
voltage of the plurality of respective second voltages to exceed a voltage threshold.
[0130] In a second aspect of the third example electrostatic device, the first electrode and the plurality of second
electrodes are configured such that a sum of a plurality of respective second capacitances between the plurality of
respective second electrodes and the sensor matrix is greater than a first capacitance between the first electrode and
the sensor matrix. The second aspect of the third example electrostatic device may be implemented in combination with
the first aspect of the third example electrostatic device, though the example embodiments are not limited in this respect.
[0131] In a third aspect of the third example electrostatic device, the plurality of second electrodes is included in a
segmented ring that surrounds at least a portion of the first electrode in a plane that is perpendicular to the axis. The
third aspect of the third example electrostatic device may be implemented in combination with the first and/or second
aspect of the third example electrostatic device, though the example embodiments are not limited in this respect.
[0132] In a fourth aspect of the third example electrostatic device, a function of the principal signal and at least one
secondary signal of the plurality of secondary signals as measured by the sensor matrix estimates a tilt angle of the
electrostatic device with respect to a vector that is normal to a plane in which the sensor matrix is defined. The fourth
aspect of the third example electrostatic device may be implemented in combination with the first, second, and/or third
aspect of the third example electrostatic device, though the example embodiments are not limited in this respect.
[0133] In a fifth aspect of the third example electrostatic device, the third example electrostatic device further comprises
one or more second drive circuits configured to generate one or more respective auxiliary signals. In accordance with
the fifth aspect, the one or more auxiliary signals are one or more respective second active signals. In further accordance
with the fifth aspect, one or more second electrodes of the plurality of second electrodes are configured to electrostatically
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couple the one or more respective auxiliary signals to the sensor matrix as the first electrode is placed proximate the
sensor matrix. In further accordance with the fifth aspect, a function of the principal signal and at least one of the one
or more auxiliary signals as measured by the sensor matrix estimates a tilt angle of the electrostatic device with respect
to a vector that is normal to a plane in which the sensor matrix is defined. In further accordance with the fifth aspect, a
function of the principal signal and at least one of the one or more auxiliary signals as measured by the sensor matrix
estimates a twist angle of the electrostatic device with respect to the axis of the member.
[0134] In an example of the fifth aspect, the first drive circuit is configured to have a relatively low output impedance
during a first time period in which the principal signal is coupled to the sensor matrix. In accordance with this example,
the one or more second drive circuits are configured to have a relatively low output impedance during one or more
respective second time periods in which the respective secondary signals are coupled to the sensor matrix. In further
accordance with this example, the first drive circuit is configured to have a relatively high output impedance during the
one or more second time periods. In further accordance with this example, each second drive circuit of the one or more
second drive circuits is configured to have a relatively high output impedance during the first time period and during
each of the one or more second time periods during which the respective secondary signal is not coupled to the sensor
matrix.
[0135] In another example of the fifth aspect, each auxiliary signal of the one or more auxiliary signals is phase shifted
with respect to the principal signal and with respect to each other auxiliary signal of the one or more auxiliary signals,
such that none of the auxiliary and principal signals transition simultaneously.
[0136] The fifth aspect of the third example electrostatic device may be implemented in combination with the first,
second, third, and/or fourth aspect of the third example electrostatic device, though the example embodiments are not
limited in this respect.
[0137] In an sixth aspect of the third example electrostatic device, one or more second electrodes of the plurality of
second electrodes are configured to be one or more respective passive slugs. The sixth aspect of the third example
electrostatic device may be implemented in combination with the first, second, third, fourth, and/or fifth aspect of the
third example electrostatic device, though the example embodiments are not limited in this respect.

Claims

1. An electrostatic device comprising:

a member (1548, 1648, 1748) having a proximal end (P) and a distal end (D) at opposing ends of an axis (1548,
1648, 1748);
a first electrode (1508A, 1608A, 1708A) positioned at the proximal end (P), the first electrode (1508A, 1608A,
1708A) configured to electrostatically couple a principal signal to a sensor matrix (228, 1528, 1628, 1828, 2028)
of a computing device (102, 200), such that an intensity of the principal signal that is sensed by the sensor
matrix (228, 1528, 1628, 1828, 2028) increases as the first electrode (1508A, 1608A, 1708A) approaches the
sensor matrix (228, 1528, 1628, 1828, 2028);
a drive circuit (1100, 1300, 1546, 1646, 1746) configured to generate the principal signal, the principal signal
being an active signal; and
a second electrode (1508B, 1608B, 1708B) positioned a spaced distance from the first electrode (1508A, 1608A,
1708A), the spaced distance configured to cause a designated capacitance between the first electrode (1508A,
1608A, 1708A) and the second electrode (1508B, 1608B, 1708B) to exceed a capacitance threshold and to
cause the second electrode (1508B, 1608B, 1708B) to electrostatically couple a secondary signal, which is
based on the principal signal, to the sensor matrix (228, 1528, 1628, 1828, 2028) as the first electrode (1508A,
1608A, 1708A) is placed proximate the sensor matrix (228, 1528, 1628, 1828, 2028).

2. The electrostatic device of claim 1, wherein the principal signal is configured to induce a first voltage that is measurable
at the sensor matrix (228, 1528, 1628, 1828, 2028);

wherein the secondary signal is configured to induce a second voltage that is measurable at the sensor matrix
(228, 1528, 1628, 1828, 2028); and
wherein the spaced distance is further configured to cause an absolute difference between the first voltage and
the second voltage to exceed a voltage threshold.

3. The electrostatic device of claim 1, wherein the first electrode (1508A, 1608A, 1708A) and the second electrode
(1508B, 1608B, 1708B) are configured such that a second capacitance between the second electrode (1508B,
1608B, 1708B) and the sensor matrix (228, 1528, 1628, 1828, 2028) is greater than a first capacitance MS# 356827.01
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between the first electrode (1508A, 1608A, 1708A) and the sensor matrix (228, 1528, 1628, 1828, 2028).

4. The electrostatic device of claim 1, wherein the second electrode (1508B, 1608B, 1708B) surrounds at least a portion
of the first electrode (1508A, 1608A, 1708A) in a plane that is perpendicular to the axis.

5. The electrostatic device of claim 1, wherein a function of the principal signal and the secondary signal as measured
by the sensor matrix (228, 1528, 1628, 1828, 2028) is configured to estimate a tilt angle of the electrostatic device
with respect to a vector that is normal to a plane in which the sensor matrix (228, 1528, 1628, 1828, 2028) is defined.

6. The electrostatic device of claim 1, further comprising:

a second drive circuit configured to generate an auxiliary signal, the auxiliary signal being a second active signal;
wherein the second electrode (1508B, 1608B, 1708B) is configured to electrostatically couple the auxiliary signal
to the sensor matrix as the first electrode is placed proximate the sensor matrix (228, 1528, 1628, 1828, 2028); and
wherein a function of the principal signal and the auxiliary signal as measured by the sensor matrix (228, 1528,
1628, 1828, 2028) is configured to estimate a tilt angle of the electrostatic device with respect to a vector that
is normal to a plane in which the sensor matrix (228, 1528, 1628, 1828, 2028) is defined.

7. The electrostatic device of claim 6, wherein the first drive circuit is configured to have a relatively low output impedance
during a first time period in which the principal signal is provided to the sensor matrix (228, 1528, 1628, 1828, 2028);

wherein the second drive circuit is configured to have a relatively low output impedance during a second time
period in which the secondary signal is provided to the sensor matrix (228, 1528, 1628, 1828, 2028);
wherein the first drive circuit is configured to have a relatively high output impedance during the second time
period; and
wherein the second drive circuit is configured to have a relatively high output impedance during the first time
period.

8. The electrostatic device of claim 6, wherein the auxiliary signal is configured to be phase shifted with respect to the
principal signal, such that the auxiliary and principal signals do not transition simultaneously.

Patentansprüche

1. Elektrostatische Vorrichtung, umfassend:

ein Element (1548, 1648, 1748), das ein proximales Ende (P) und ein distales Ende (D) an entgegengesetzten
Enden einer Achse (1548, 1648, 1748) aufweist;
eine erste Elektrode (1508A, 1608A, 1708A), die am proximalen Ende (P) positioniert ist, wobei die erste
Elektrode (1508A, 1608A, 1708A) so konfiguriert ist, dass sie ein Hauptsignal elektrostatisch an eine Sensor-
matrix (228, 1528, 1628, 1828, 2028) einer Rechenvorrichtung (102, 200) koppelt, so dass eine Intensität des
Hauptsignals, das von der Sensormatrix (228, 1528, 1628, 1828, 2028) erfasst wird, zunimmt, wenn sich die
erste Elektrode (1508A, 1608A, 1708A) der Sensormatrix (228, 1528, 1628, 1828, 2028) nähert;
eine Ansteuerschaltung (1100, 1300, 1546, 1646, 1746), die so konfiguriert ist, dass sie das Hauptsignal erzeugt,
wobei das Hauptsignal ein aktives Signal ist; und
eine zweite Elektrode (1508B, 1608B, 1708B), die in einem räumlichen Abstand von der ersten Elektrode
(1508A, 1608A, 1708A) angeordnet ist, wobei der räumliche Abstand so konfiguriert ist, dass er veranlasst,
dass eine bestimmte Kapazität zwischen der ersten Elektrode (1508A, 1608A, 1708A) und der zweiten Elektrode
(1508B, 1608B, 1708B) einen Kapazitätsschwellenwert überschreitet und die zweite Elektrode (1508B, 1608B,
1708B) veranlasst, ein Sekundärsignal, das auf dem Hauptsignal basiert, elektrostatisch an die Sensormatrix
(228, 1528, 1628, 1828, 2028) zu koppeln, wenn die erste Elektrode (1508A, 1608A, 1708A) in der Nähe der
Sensormatrix (228, 1528, 1628, 1828, 2028) platziert wird.

2. Elektrostatische Vorrichtung nach Anspruch 1, wobei das Hauptsignal so konfiguriert ist, dass es eine erste Spannung
induziert, die an der Sensormatrix (228, 1528, 1628, 1828, 2028) messbar ist;
wobei das Sekundärsignal so konfiguriert ist, dass es eine zweite Spannung induziert, die an der Sensormatrix (228,
1528, 1628, 1828, 2028) messbar ist; und
wobei der räumliche Abstand weiter so konfiguriert ist, dass er veranlasst, dass eine absolute Differenz zwischen
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der ersten Spannung und der zweiten Spannung eine Spannungsschwelle überschritten wird.

3. Elektrostatische Vorrichtung nach Anspruch 1, wobei die erste Elektrode (1508A, 1608A, 1708A) und die zweite
Elektrode (1508B, 1608B, 1708B) so konfiguriert sind, dass eine zweite Kapazität zwischen der zweiten Elektrode
(1508B, 1608B, 1708B) und der Sensormatrix (228, 1528, 1628, 1828, 2028) größer als eine erste Kapazität zwischen
der ersten Elektrode (1508A, 1608A, 1708A) und der Sensormatrix (228, 1528, 1628, 1828, 2028) ist.

4. Elektrostatische Vorrichtung nach Anspruch 1, wobei die zweite Elektrode (1508B, 1608B, 1708B) mindestens einen
Teil der ersten Elektrode (1508A, 1608A, 1708A) in einer Ebene umgibt, die senkrecht zur Achse verläuft.

5. Elektrostatische Vorrichtung nach Anspruch 1, wobei eine Funktion des Hauptsignals und des Sekundärsignals,
wie durch die Sensormatrix (228, 1528, 1628, 1828, 2028) gemessen, konfiguriert ist, um einen Neigungswinkel
der elektrostatischen Vorrichtung in Bezug auf einen Vektor abzuschätzen, der senkrecht zu einer Ebene ist, in der
die Sensormatrix (228, 1528, 1628, 1828, 2028) definiert ist.

6. Elektrostatische Vorrichtung nach Anspruch 1, weiter umfassend:

eine zweite Ansteuerschaltung, die so konfiguriert ist, dass sie ein Hilfssignal erzeugt, wobei das Hilfssignal
ein zweites aktives Signal ist;
wobei die zweite Elektrode (1508B, 1608B, 1708B) so konfiguriert ist, dass sie das Hilfssignal elektrostatisch
an die Sensormatrix koppelt, wenn die erste Elektrode in der Nähe der Sensormatrix (228, 1528, 1628, 1828,
2028) platziert wird; und
wobei eine Funktion des Hauptsignals und des Hilfssignals, wie durch die Sensormatrix (228, 1528, 1628, 1828,
2028) gemessen, konfiguriert ist, um einen Neigungswinkel der elektrostatischen Vorrichtung in Bezug auf
einen Vektor abzuschätzen, der senkrecht zu einer Ebene ist, in der die Sensormatrix (228, 1528, 1628, 1828,
2028) definiert ist.

7. Elektrostatische Vorrichtung nach Anspruch 6, wobei die erste Ansteuerschaltung so konfiguriert ist, dass sie wäh-
rend einer ersten Zeitperiode, in der das Hauptsignal an die Sensormatrix (228, 1528, 1628, 1828, 2028) bereitgestellt
wird, eine relativ niedrige Ausgangsimpedanz aufweist;
wobei die zweite Ansteuerschaltung so konfiguriert ist, dass sie während einer zweiten Zeitperiode, in der das
Sekundärsignal an die Sensormatrix (228, 1528, 1628, 1828, 2028) bereitgestellt wird, eine relativ niedrige Aus-
gangsimpedanz aufweist;
wobei die erste Ansteuerschaltung so konfiguriert ist, dass sie während der zweiten Zeitperiode eine relativ hohe
Ausgangsimpedanz aufweist; und
wobei die zweite Ansteuerschaltung so konfiguriert ist, dass sie während der ersten Zeitperiode eine relativ hohe
Ausgangsimpedanz aufweist.

8. Elektrostatische Vorrichtung nach Anspruch 6, wobei das Hilfssignal so konfiguriert ist, dass es in Bezug auf das
Hauptsignal phasenverschoben ist, so dass die Hilfs- und Hauptsignale nicht gleichzeitig übergehen.

Revendications

1. Dispositif électrostatique comprenant :

un élément (1548, 1648, 1748) présentant une extrémité proximale (P) et une extrémité distale (D) à des
extrémités opposées d’un axe (1548, 1648, 1748) ;
une première électrode (1508A, 1608A, 1708A) positionnée à l’extrémité proximale (P), la première électrode
(1508A, 1608A, 1708A) configurée pour coupler de manière électrostatique un signal principal à une matrice
de capteurs (228, 1528, 1628, 1828, 2028), d’un dispositif informatique (102, 200), de sorte qu’une intensité
du signal principal qui est détectée par la matrice de capteurs (228, 1528, 1628, 1828, 2028) augmente alors
que la première électrode (1508A, 1608A, 1708A) approche de la matrice de capteurs (228, 1528, 1628, 1828,
2028) ;
un circuit de commande (1100, 1300, 1546, 1646, 1746) configuré pour générer le signal principal, le signal
principal étant un signal actif ; et
une seconde électrode (1508B, 1608B, 1708B) positionnée à une distance espacée de la première électrode
(1508A, 1608A, 1708A), la distance espacée configurée pour amener une capacité désignée entre la première
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électrode (1508A, 1608A, 1708A) et la seconde électrode (1508B, 1608B, 1708B) à dépasser un seuil de
capacité et pour amener la seconde électrode (1508B, 1608B, 1708B) à coupler de manière électrostatique un
signal secondaire, qui est basé sur le signal principal, à la matrice de capteurs (228, 1528, 1628, 1828, 2028)
alors que la première électrode (1508A, 1608A, 1708A) est placée à proximité de la matrice de capteurs (228,
1528, 1628, 1828, 2028).

2. Dispositif électrostatique selon la revendication 1, dans lequel le signal principal est configuré pour induire une
première tension qui est mesurable au niveau de la matrice de capteurs (228, 1528, 1628, 1828, 2028) ;
dans lequel le signal secondaire est configuré pour induire une seconde tension qui est mesurable au niveau de la
matrice de capteurs (228, 1528, 1628, 1828, 2028) ; et
dans lequel la distance espacée est en outre configurée pour amener une différence absolue entre la première
tension et la seconde tension à dépasser un seuil de tension.

3. Dispositif électrostatique selon la revendication 1, dans lequel la première électrode (1508A, 1608A, 1708A) et la
seconde électrode (1508B, 1608B, 1708B) sont configurées de sorte qu’une seconde capacité entre la seconde
électrode (1508B, 1608B, 1708B) et la matrice de capteurs (228, 1528, 1628, 1828, 2028) soit supérieure à une
première capacité entre la première électrode (1508A, 1608A, 1708A) et la matrice de capteurs (228, 1528, 1628,
1828, 2028).

4. Dispositif électrostatique selon la revendication 1, dans lequel la seconde électrode (1508B, 1608B, 1708B) entoure
au moins une partie de la première électrode (1508A, 1608A, 1708A) dans un plan qui est perpendiculaire à l’axe.

5. Dispositif électrostatique selon la revendication 1, dans lequel une fonction du signal principal et du signal secondaire
tels que mesurés par la matrice de capteurs (228, 1528, 1628, 1828, 2028) est configurée pour estimer un angle
d’inclinaison du dispositif électrostatique par rapport à un vecteur qui est normal à un plan dans lequel la matrice
de capteurs (228, 1528, 1628, 1828, 2028) est définie.

6. Dispositif électrostatique selon la revendication 1, comprenant en outre :

un second circuit de commande configuré pour générer un signal auxiliaire, le signal auxiliaire étant un second
signal actif ;
dans lequel la seconde électrode (1508B, 1608B, 1708B) est configurée pour coupler de manière électrostatique
le signal auxiliaire à la matrice de capteurs alors que la première électrode est placée à proximité de la matrice
de capteurs (228, 1528, 1628, 1828, 2028) ; et
dans lequel une fonction du signal principal et du signal auxiliaire tels que mesurés par la matrice de capteurs
(228, 1528, 1628, 1828, 2028) est configurée pour estimer un angle d’inclinaison du dispositif électrostatique
par rapport à un vecteur qui est normal à un plan dans lequel la matrice de capteurs (228, 1528, 1628, 1828,
2028) est définie.

7. Dispositif électrostatique selon la revendication 6, dans lequel le premier circuit de commande est configuré pour
présenter une impédance de sortie relativement basse durant une première période de temps dans laquelle le signal
principal est fourni à la matrice de capteurs (228, 1528, 1628, 1828, 2028) ;
dans lequel le second circuit de commande est configuré pour présenter une impédance de sortie relativement
basse durant une seconde période de temps dans laquelle le signal secondaire est fourni à la matrice de capteurs
(228, 1528, 1628, 1828, 2028) ;
dans lequel le premier circuit de commande est configuré pour présenter une impédance de sortie relativement
haute durant la seconde période de temps ; et
dans lequel le second circuit de commande est configuré pour présenter une impédance de sortie relativement
haute durant la première période de temps.

8. Dispositif électrostatique selon la revendication 6, dans lequel le signal auxiliaire est configuré pour être décalé en
phase par rapport au signal principal, de sorte que les signaux auxiliaire et principal ne fassent pas de transition
simultanément.
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