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(57) Abstract: A mutual capacitance touch sensor includes
a substrate, and an array of electrode elements formed on
the substrate. Each electrode element includes at least one
of a first electrode group having at least two drive elec-
trodes and at least one sense electrode, or a second elec-
trode group having at least two sense electrodes and at
least one drive electrode. The respective electrodes of the
first or second group are arranged to form multiple capacit-
ances over different coupling distances. A controller is op-
eratively coupled to the array of electrode elements, the
controller configured to assign an input object as a con-
ductive object when measurements of the multiple capacit-
ances decrease as the input object approaches the touch
sensor, and assign the input object as non-conductive ob-
ject when measurements ot at least one of the multiple ca-
pacitances increase as the input object approaches the
touch sensor.
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DESCRIPTION

A DISCRIMINATIVE CAPACITIVE TOUCH PANEL

5 | TECHNICAL FIELD
[0001]

The presént invention relates generally to touch panel devices and, more
particularly, to capac_:itive type touch panels. Such a capacitive type touch panel device
may find application in a range of consumer electronic products including, for example,

10 mobile phones, tablet and desktop PCs, electronic book readers and digital signage
products.
Pfioﬁty is claimed on US Patent Application No. 14/135,639, filed December 20,

2013, the content of which is incorporated herein by reference.

15 BACKGROUND ART
e -[0002]

Touch panels have recently become widely adopted as the input device for
high-end portable electronic products such as smart-phones and tablet devices.‘
Although, a number of different technologies can be used to create these touch panels,

20  capacitive systems have proven to be the most popular due to their accuracy, durability
and ability to detect touch input events with little or no activation force.
[0003]

The most basic method of capacitive sensing for touch panels is the surface

capacitive method - also known as self-capacitance - for example as disclosed in

25 US4293734 (Pepper, October 6, 1981; Patent Document 1). A typical implementation
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of a surface capacitance type touch panel is illustrated in FIG.VI and comprises a
transparent substrate 100, the surface of which is coated with a conductive material that
forms a sensing electfode 110. One or more voltage sources 120 are connected to the
sensing electrode, for example at each corner, and are used to generate an electrostatie
field above the substrate. When an input object 130 that is electrically conductive -
such as a human finger - comes into close proximity to the sensing electrode, a capacitor
140 is dynamically formed between the sensing electrode 110 and the input object 130
and this field is disturbed. The capacitor 140 causes a ché.ngein the amount of current
drawn from the voltage sources 120 wherein the magnitude of current change is related
to the distance between the finger location and the point at which the voltage source is
connected to the sensing electrode. Current sensors 150 are provided to measure the
current drawn from each voltage source 120 and the location of the touch input event is
calculated by comparing the magnitude of the current measured at each source.
Although simple in construction and operation, surface capacitive type touch panels are
unable to detect multiple simultaneous touch input events as occurs when, for example,
two or more fingers are in contact with the touch panel.

[0004]

Another well-known method of capacitive sensing applied to touch panels is the
projected capacitive method - also known as mutual capacitance. In tjfliS method, as
shown in FIG.2, a drive electrode 200 and sense electrode 210 are formed on a
transparent substrate (not shown). A changing voltage or excitation signal is applied to
the drive electrode 200 from a voltage source 220. A signal is then generated on the |
adjacent sense electrode 210 by means of capacitive coupling via the mutual coupling
capacitor 230 formed between the drive electrode 200 and sense electrode 210. A

current measurement means 240 is connected to the sense electrode 210 and provides a
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measurement of the size of the mutual coupling capacitor 230. When the input object
130 is brought to close proximity to both electrodes, it forms a first dynamic capacitor to
the drive electrode 270 and a second dynamic capacitor to the sense electrode 280. If

the input object is connected to ground, as is the case for example of a human finger

connected to a human body, the effect of these dynamically formed capacitances is

manifested as a reduction of the amount of capacitive coupling in between the drive and
sense electrodes and hence a reduction in the magnitude of the signal measured by the
current measurement means 240 attached to the sense electrode 210.

[0005]

As is well-known and disclosed, for example in US7663607 (Hotelling,
February 6, 2010; Patent Document 2), by arranging a plurality of drive and sense
electrodes in a grid array, this projected capacitance sensing method may be used to form
a touch panel cievice. In such a system the location of touch input is‘ determined by
monitoring the capacitance changes at each intersection of drive electrode and .sense
electrode in the array. If the sensitivity of the projected capacitivé touch sensor is
sufficiently high, the measured capacitance may change considerably as the input object
approaches, but does not touch,‘ the touch panel surface. A threshold value of
capacitance change is therefore defined such that when the measured change exceeds this
threshold value the input object is considered to be touching the surface. An advantage
of the projec;ced capacitanée sensing method over the surface capacitanc¢ method is that
multiple simultaneous touch input events may be detected. |
[0006]

A limitation of the capacitance measurement techniques described above as
conventionally applied to touch panels is that théy are incapable of detecting input from

non-conductive or insulating objects, for example made of wood, plastic or the like.
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Provided that a non-conductive object has a dielectric permittivity different to air it will
cause the measured array capacitances to change when in close proximity to the touch
panel surface. However, the magnitude yof the resulting signal is very small — for
example, less than 1% of that generated by a conductive object — and is dependent on the
type of material the non-conductivé objeqt is made of and the ambient environment
conditions. This disadvantageously reduces the usability of the touch panel since it is
réstricted to operation using conductive input objects, such as a finger or metallic pen or
stylus. In particular, the user cannot operate a tQuch panel reliably while wearing
normal (non-conductive) gloves or while holding a non-conductive object such as a
plastic pen.
[0007]

Although drops of water on the touch panel surface may be considered as
non-conductive objects, the drops are not considered input objects under control of the
user and their effect should therefore be rejected as opposed to detected. For example,
US Patent Application 20040189617 (Gerpheide,‘September 30, 2004; Patent Document
3) describes a capacitive touch panel that is capable of compensating for the effect of
drops of water on the touch panel surface. The-touch panel array includes an additional
electrode to detect the presence of the non-conductive water droplets so that the touch
panel may be used in wet condiﬁons. The touch panel is not however cépable of

detecting the location of non-conductive input objects in general.

CITATION LIST
[Patent Document]
[0008]

[Patent Document 1] US 4293734 (Pepper, October 6, 1981)
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[Patent Document 2] US 7663607 (Hotelling, February 6, 2010)

[Patent Document 3] US Patent Application 20040189617 (Gerpheide,

September 30, 2004)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Inven’gion
[0009]
It is therefore desirable to provide a means of detecting both conductive and
nonrconducti\}e types of input object using a capacitive type touch panel. Further, it is
desirable to provide a means of disﬁnguishing between conductive and non-conductive

types of input object.

Means for Solving the Problems
[0010]

A capacitive touch panel in accordance with the present invention provides a
ineans of reliably detecting non-conductive input objects as well as conductive input
objects and of distinguishing between conductive and non-conductive input objects. -
[0011] |

- The touch panel includes an array of electrode elements compfisi_ng a plurality
of drive and sense electrodes. The sense electrodes or the drive electrodes may be
arranged as pairs such that two sense electrodes (or two drive electrodes) are provided at
every intersection in the array. The electrodes are further arranged such that, for
example, a first sense electrode of a sense electrode pair »is' separated from a drive
electrode by a shorter distance, in the plane of the sensor substrate, than a second sense

electrode of the sense electrode pair. The first sense electrode forms a first mutual
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capacitor with the drive electrode. The second sense electrode forms a second mutual
capacitor with the drive electrode.
[0012]

-A non-conductive input obj ect in close proximity to the touch panel surface will
cause a change in the capacitance of the first and second mutual capacitors. Due to the
change in electric field distribution caused by the presence of the non-conductive input
object the capacitances of the first and second mutual capacitors will change in a first
way characterized by a decrease in the capacitance of the first mutual capacitor and an
incre‘ase in the cai)ecitance of the second mutual capacitor. On the other hand, a
conductive input object in close proximity to the touch panel surface will cause the
capacitances of the first and second mutual capacitofs to change in a second way
characterized by a decrease in the capacitance of both the first and second mutual
capacitances. The first and second mutual capacitances at each electrode element in the
array are measured and analysed to detect the position of the input object - including
whether or not the input object is touching the surface of the touch panel - and whether
the input object is conductive or non-conductive.

[0.013] |

The capacitive touch panel in accordance with the present invention rhay be
used to advantage in a number of ways, providing convenience or improved experience
to the user. For example a capacitive touch panel may be part of a device (such as smart
phone, tablet PC or public information device) in which an application (“app”) may |
execute. A capacitive touch panel provides inputs to the application such as pointing, .
touching, swiping, gesturing and so on.

[0014]

For example, a device comprising the capacitive touch panel of the present
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invention may be configured in such a way that any kind of input object, conductive or
non-conductive, may be used to operate the device in the same rﬁanner. The advantage
to this would be that the user may operate such a capacitive touch panel even while |
weéring ordinary (non-conductive) gloves, or by pointing with a plastic stylus, in
addition to the usual methods of interaction with a conventional capacitive touch panel.
[0015] |

For example, a device comprising th¢ capacitive touch panel in accordance with
the present invention may be conﬁgumd to operate in a .c_li'ﬂ’erent mode depending on
what typé of input obj ect is use_d; | For examplé, a drawing appli'caﬁon ﬁlay be o
conﬁgured to draw when a conductive input object is used and to erase when a

non-conductive input object is used. In this way the user could conveniently draw in

- the application using a pencil tip (conductive graphite), then erase in the application

using the eraser on the other end of the pencil, and the mode to be detected automatically -
without any additional action by the user. |
[0016]

Advantageously, the touch panel in accordance with the present invention
therefore provides a means of detecting both conductive and non-conductive types of
input object using a capacitive-type touch panel. The usability of fhe touch panel is
therefore improved whilst maintaining the other benefits of the capacitive-type touch
panel. Further, the touch panel in accordance with the present invention also provides a
means of distinguishing between conductive and non-conductive types of input object
and of using this information to improve the usability of a user interface.

[0017]
According to one aspect of the invention, a mutual capacitance touch sensor

includes: a substrate; an array of electrode elements formed on the substrate, each
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electrode element including at least one of a first electrode group comprisiﬁg at least two
drive electrodes and at least one sense electrode, or a second electrode group comprising
at least two sense electrodes and at least one drive electrode,' whereip the respective
electrodes of the first or second group are arranged to form multiple capacitances over
different coupling distances; and a controller operatively coupled to the array of electrode
elements, the controller configured to assign an input object as a conductive object
according to a first characteristic change of the multiple capacitances as thé input object
apprqaches the togch sensor, and assign the input object as non-conductive obj ect-
vaccordin‘g to a second chérécteristic change of the multiple capaéitahceé diﬁ'erent from
the ﬁrst characteristic change as the input object approaches the touch sensor.

[0018] |

According to one aspect of the invention, the first characteristic change is a
decrease in capacitance of the multiple capacitances as the input object approaches the
touch sensor, and the second characteristic change is an increaée in capacitance of at least
one of the multiple capacitances as the input object approaches the touch sensor.

[0019]

According to one aspect of the invention, thé controller is configured to
determine, based on measurements of the multiple capacitances, a location and height of
the object relative to a surface of the touch sensor.

[0020]

According to one aspect of the invention, the at least two sense electrodes of the
second electrode group are arranged as pairs such that two sense electrodes are provided
at every row-column intersection in the array.

[0021]

According to one aspect of the invention, a first sense electrode of a sense
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electrode pair is separated from the drive electrode by a shorter distance, in a plane of the
sensor substrate, than a second sénse electrode of the pair of sense electrodes.
[0022]

According to one aspect of the invention, fhe at least two drive electrodes of the
first electrode group are arranged as pairs such that two drive electrodes are provided at
every row-column intersection in the array.

[0023]

Acé@rdirig to one aspect of the _in_ventién, a second drive electrode of the pair of
drive electrbdeé is separated ﬁoﬁl thé sense electrodé by a greater distance,v in a plane of -
the sensor substrate, than a first drive electrode of the pair of drive electrodes.

[0024]

According to one aspect of the invention, the at least two drive electrodes of the
first electrode group are arranged as drive electrode pairs and the at least one sense
electrode of the first electrode group is arranged as a sense electrode pair such that two
drive electrodes and two sense electrodes are provided at every row-column intersection ‘
in the array.

[0025]

According to one aspect of the invention, a first sense electrode of the sense
electrode pair is split into two parts that run adjacent to a side of a second sense electrode
of the sense electrode pair.
[0026]

According to one aspect of the invention, a first drive electrode of the drive
electrode pair is split into two parts that run adjacent to a side of a second drive electrode
of the drive electrode pair.

[0027]
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According to one aspect of the invention, the sense electrodes of the second
electrode group are arranged as a plurality of sense electrode péirs, each pair iﬂcluding a
first dual-function sense electrode and a second dual-function sense electrode, and the at
least one drive electrode comprises a pair of drive electrodes, or wherein the drive
electrodes of the first electrode group are arranged as a plurality of drive electrode pairs,
and the at least one sense electrode comprises a pair of sense electrod;es, each pair
including a first dual-function sense electrode ‘and a second dual-function sense |
electrode.

[0028]

According to one aspect of the invention, the sense electrode pairs are divided
into odd numbered sense electrode pairs and even numbered sense electrodes pairs, and
the drive electrode pairs are divided into odd numbered drive electrode pairs and even
numbered drive electrodes pairs. A majority of the first odd numbered dual function
seﬁse electrodes of a pair of sense electrodes are adjacent the ﬁrst odd numbered
dual-function drive electrddes of a pair of drive electrodes, and a majority of the second
odd numbered dual-function sense electrodes of the pair of sense electrodes are adjacent
the first even numbered dual-function drive electrodes of the pair of drive electrodes. A
majority of the second even numbered dual-function sense electrodes of a pair of sense
electrodes are adjacent the second even numbered dual function drive electrodes of a pair
of drive electrodes, and a majority of vthe second odd numbered dual-function sense
electrodes of the pair of sense electrodes are adjacent the first even numbered
dual-function drive electrodes of the pair of drive electrodes.

[0029]
According to one aspect of the invention, the sense electrode pairs are divided

into odd numbered sense electrode pairs and even numbered sense electrodes pairs, and
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the drive electrode pairs are divided into odd numbered drive electrode pairs and even
numbered drive electrodes pairs. A majofity of the first odd numbered du%il function
sense electrodes of a pair of sense electrodes are adjacent the first odd numbered
dual-function drive electrodes of a pair of drive electrodes, and a majority of the secbnd ‘

odd numbered dual-function sense electrodes of the pair of sense electrodes are adjacent

the first even numbered dual-function drive electrodes of the pair of drive electrodes. A

majority of the first even numbered dual-function sénse electrodes éf a pair of sense
electrodes are adjacent the second odd numbered dual function drive electrodes of a pair
of arive electrodes, émd a majority of the second even numbered dual-function sense-
electrodes of the pair of sense electrodes are adjacent the first even numbered
dual-function drive electrodes of the pair of drive electrodes.

[0030]

According to one aspect of the invention, sense electrode pairs are formed in a
first transparent conductive layer and drive electrode pairs are fohned ina seéond
transparent conductive layer, the first and second transparent conductive layers separated
by an insuiating layer.

[0031]

According to one aspect of the invention, the sense electrode pairs are divided
into odd numbered sense electrode pairs and even numbered sense electrodes pairs, and
the drive electrode pairs are divided into odd numbered drive electrode pairs and even
numbered drive electrodes pairs. A majority of the first odd numbered dual function
sense electrodes of a pair of sense electrodes are adjacent the first odd numbered
dual-function drive electrodes of a pair of drive electrodes, and a majority of the second
odd numbered dual-function sense electrodes of the pair of sense electrodes are adjacent

the first even numbered dual-function drive electrodes of the pair of drive electrodes. A
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majority of the first even numbered dual-function sense electrodes of a pair of sense
electrodes are adjacent the second odd numbered duai function drive electrodes of a pair
of drive electrodes, and a majority of the second even numbered dual-function sense
electrodes of the pair of sense electrodes are adjacent the second e\}en numbered
dual-function drive elecfrodes of the pair of drive electrodes.

[0032]

According to one aspect of the invention, the controller is configured to select an
action based on the determined type of the input object.
[0033]

According to one aspect of the invention, a method for determining the presence,
type or position of at least one input object relative to a touch pénel is provided, Whereini
a controller circuit provides capacitance measurements from the touch panel. The
method includes: inputting capacitance measurement data from the controller circuit into
a data frame; calibrating the data frame such that data represented therein corresponds to
a change in éapacitance relative to a state when the at least one ihput object is not
present; analysing the data in the data frame to determine if the at least one input object
is within a detection range of the touch panel; and when the at least one input object is
within the detection range of the touch panel, determining a type and position of the at |
least one input object based on the data in the data frame.

[0034]

Accdrding to one aspect of the invention, determining a type and position of the
at least one input object comprises: computing first and second synthetic subframes
based on a combination of calibrated subframes; analysing the first and second synthetic
subframes to determine a significant peak position in at least one of the first or second

synthetic subframe; determining the type of the at least one input object at the determined



10

15

20

25

WO 2015/093581 ' PCT/JP2014/083631

13

significant peak pésition based on a change in at least one of the first or second synthetic
subframes; and estimating the location of the at least one input object from the significant
peak position.
[0035]
According to one aspect of the invention, the synthetic subframes are obtained

by low-pass filtering a weighted sum of calibrated subframes.
[0036]

| According to one aspect of the invention, the method includes estimating a

location of the at least one input object as POS(P), where P is the significant peak

~ position and POS; is defined as a sum of point positions near P and weighted by a

measured capacitance change in the first or second synthetic subframes.
[003'7]
~ According to one aspect of the invention, estimating includes defining a model

of the calibrated data frame, the model describing an input object and a corresponding
position of the input object relative to an electrode element, and for a given subframe the
model operative to predict a change in capacitance that would be measured at the
electrode element corresponding to the subfrarﬁe due to the at least one input object
being at the corresponding position.
[0038]

According to one aspect of the invention, the method includes selecting an
action based on the determined type of the at least one input object.
[0039]

According to one éspect of the invention, the method includes selecting an
action independent of the determined type of the at least one input object.

[0040]
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To the accomplishment of the foregoing and related ends, the invention, then,
comprisés the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative embodiments of the invention. These embodiments are indicative,\ however,
of but a few of the various ways in which the principles of the inventiofl may be

employed. Other objects, advantages and novel features of the invention will become

'apparent from the following detailed description of the invention when considered in

conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041]
In the annéxed drawings, like references indicate like parts or features.
FIG. 1 shows a typical implementation of a surface capacitance type touch panel.
FIG. 2 shows a typical implementation of a projected capacitance type touch
panel.

FIG. 3 shows a plan view of one example electrode geometry in accordance with
the present invention. |

FIG. 4 shows a cross section of the sensor substrate in accordance with a first
embodiment of the present invention.

FIG. 5 shows a plan view of the sensor substrate.

FIG. 6 shows the mutual capacitances assqciated with the electrodes of the
elecfrode array.

FIG. 7 illustrates the chance in capacitance of the mutual capacitors caused by a
conductive and non-conductive input object in proximity to the touch panel of the presenf

invention.
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FIG. 8 shows a circuit that is able to measure the changes in the mufual
capacitances of the touch panel of thé present invention.
FIG. 9 shows a timing diagram that may be used to operate the circuit of FIG. 6.
FIG. 10 shows a system that mékes use of the touch sensor. |
5 FIG. 11 shows a plan view of an electrode arrangement in accordance with a
second embodiment of the invention.‘
FIG. 12 shows a schematic diagram of a controller circuit that is suitable for use
with the second embodiment.
FIG. 13 shows one possible timing diagram for operation 6f the circuit shown in
10  FIG 14A.
FIG. 14 shows a plan view of an electrode arrangement in accordance with a
third embodiment of the invention.
FIG. 15 shows the mutual capacitances associated with the electrodes of the
electrode array of the third embodiment.
15 FIG. 16 shows a plan view of an electrode arrangement in accordance with a
fourth embodimént of the invention.
FIGS. 17A and 17B show a plan view of an electrode arrangement in accordance
with a fifth embodiment of the invention.
FIG. 18 shows a plan view of an electrode arrangement in accordance with a
20  sixth embodiment of the invention.
FIG. 19 shows a view of a series of processing steps in accordance with a
seventh embodiment of the invention.
FIG. 20 shows in more detail one method for implementing the input object
detection algorithm.

25 FIG. 21 shows in more detail another method for implementing the input object
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detection algorithm.

FIG. 22 shows in more detail a method of improving the input object detection

‘algorithm.

FIG. 23 shows an application of the touch panel device of the present invention
in accordance with a tenth embodiment of the invention.
FIG. 24 shows an alternative application of the touch panel device of the present

invention in accordance with an eleventh embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0042]

The present invention provides a capacitive touch sensor that may be used, for
example, in touch panel display systems or the like. The touch sensor includes a sensor
substfate, and an array of electrode elements formed over the sensor substrate. Each
electrode element of the array includes at least one of a first electrode group comprising
at least two drive eléctfodes and at least one sense electrode, or a second electrode group
comprising at least two sense electrodes and at least one drive electrode. The respective
electrodes of the first or second electréde group are arranged to form multiple
capacitances over different coupling distances. In this manner, the multiple coupling
capacitances can be used in combination to detect non-conductive input objects as well
as conductive input objects. For example, a controller can be operatively coupled to the
array of electrode elements and configured to determine whether or not an input object is
touching the surface of the touch sensor and to determine whether the input object is
conductive or non-conductive based on variations in the multiple capacitances. An
object may be considered to be conductive if it presents an impedance to ground of

1GOhm or less at the operating frequency of the touch panel. An object may be
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‘considered to be non-conductive if it presents an impedance to ground of more than
1GOhm at the operating frequency of the touch panel. More speciﬁcally, the controller
can be configured to assign an input object as a conductive object when measurements of
the multiple capacitances change in a first characteristic way as the input object
approaches the touch sensor, and assign the input object as non-conductive object When
measurements of the multiple capacitances change in a second characteristic way
different from the first characteristic way as the input obj ec;t approaches the touch sensor.
More specifically still, the first characteristic change may be observed as a decrease in
the cabaci'tarice; 6f all of the’mulfiple capacitances and the second characteristic ;:Iiange
may be observed as an increase in the capacitance of at least one of the mﬁltiple
capacitances.
[0043]

In accordance with a first and most general embodiment of the present invention, -
a capacitive touch panel (also referred to as a touch sensor) is provided with a means of
reliably detecting non-conductive input objects as well as conductive input ijects and of
distinguishing between conductive and non-conductive input objécts. The touch panel
includes an electrode array comprising a plurality of drive and sense electrodes formed
on a sensor substrate. The drive electrodes are excited with a voltage stimulus, either
simultaneously or in sequence, and the resulting current that flows from the sense
electrodes - due to the mutual coﬁpling capacitance between the drive and sense
electrodes - is measured. The sense elecfrodes may be arranged as pairs such that two
sense electrodes are provided at every row-colurhn intersection in the array (e.g., at each
row-column irbltersection‘ there is formed a first electrode group that includes at least two
sense electrodes and at least one drive electrode). The electrodes are further arranged

such that a first sense electrode of the pair is separated from the drive electrode by a
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shorter distance, in the plane of the sensor substrate, than a second sense electrode of the
pair.
[0044]

An input object in close proximity to the touch panel surface will cause a change
in the capacitance of the mutual coupling capacitors. Due to the phange in electric field
distribution caused by the presence of the conductive input object the capacitance of the
both mutual coupling capacitors Will decrease. On the other hénd, a non-conductive
input object in close proximity to the_ touch panel surface will cause the mutual
capacitahce measuréd 'ét the;, first sense electrode to décréasé .but the mutual éapacifance
measured at the second sense electrode to incfease. Analysis of these capacitance
changes may be used to calculate the location of the input object, whether or not it is
touching the touch panel surface and whether the object is conductive or non-conductive.
[0045]

An exemplary arrangement of the drive and sense electrodes is shoWn in FIG.3,
where the first sense electrode, SA 310, and the second sense electrode, SB 320, are
symmetrically arranged at every intersection of the matrix. As used herein, the term
“symmetry” refers to symmetry about at least one axis. The second sense electrode, SB
320, is patterned into interconnected diamonds, of the type commonly found in
conventional projected capacitancé sensor arrays. The first sense electrode, SA 310 is
split into two parts, one of which runs on each side of SB 320. Accordingly, SA 310 is
positioned closer than SB 320 to the drive electrodes 330. The electrode arrangement
may be symmetrical around the centre line of SB 320. The two parts of SA 310‘ are
electrically connected, either on the sensor substrate or within the external controller
circuitry. The first sense electrode SA 310 forms a first mutual coupling capacitance

CA with the drive electrode 330. The second sense electrode SB 320 forms a second
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mutual coupling capacitance CB with the drive electrode 330. Such an arrangefnent of
drive and sense electrodes in a capacitive toﬁch panel is described in U.S. Application No.
13/436,010 ﬁle;i_ on March 30, 2012, which is hereby incorporated by reference in its
entirety. The diamond pattern is just one of many known electrode geometfies,
commonly employed in mutual capacitive touch sensors. The present invention may
equally be applied to other electrode geometries.

[0046]

The elgctrode ~array  may be formed using, for example, standard
phofolithographic of printing techﬁiqﬁes. FIG. 4 shows a cross. section of thé drive
-‘electrode 330 and first ar\ld second sense electrodes 310, 320 at an intersection 340 (See

- Fig. 3) to illustrate the fouch panel structure. The electrodes are formed in a transparent
conductive layer 420 which is deposited onto a ‘sensor substrate 410. The transparent
conductive layer 420 may be patterned into the pattern of the drive electrodes and sehse
electrode as described above. So that the drive and sense ¢lectrodes may cross each
other without electrical contact an insulating layer 460 and a conductive bridge layer 450
may, for example, be deposited on top of the transparent conductive layer 420. This
conductive bridge layer 450 may be patterned and used to connect different sections of
the same electrode. At the locations where contact between the conductive bridge layer
450 and the transparent conductive layer 420 are required, éontact holes 470 are created
in the insulating layer 460. The sensor substrate 410_ may be made of a transparent -
insulating material, such as glass,‘ plastic or the like. The transparent conductive layer
420 may be a transparent conductive material such as, for example, Indium Tin Oxide
(ITO) or Indium Zinc Oxide (IZO). The insulating layer 460 may be an insulating

material such as, for example, silicon dioxide, silicon nitride or acrylic resin. The
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conductive bridge layer 450 may be an opaque metallic material such as, for .example
aluminium.
[0047]

As shown in FIG. 5, a plurality of such drive and seﬁse electrodes may be-
arrang'ed into an electrode array 400 and formed on the sensor substrate 410. Sensé
signal wires 420 may be connected to each of the first sense electrodes 310 and second
sense electrodes 320 at one edge of the electrode array 400. Drive signal wires 430 may
be connected to ea;:h of thé drive elecfrodes 330 at another edge of the electrode array
w00,

[0048]
The theory of operation of this electrode arrangement is illustrated in FIG. 6

which shows a cross-section of the sensor substrate 410, through an intersection 340 of

. the drive and sense electrodes. The second sense electrode SB 320 is separated, in the

plane of the sensor substrate, from a first adjacent drive electrode_ 530 and a second
adjacent drive electrode 540, By the two portions of the ﬁfst sense electrode SA 310. In
operation, a voltage stimulus is applied to the first adjacent drive electrode 530 whilst the
second adjacent drive electrode 540 is maintained at a constant voltage. " Herein the first
adjacent drive electrode 530 is therefore referred to as the active drive electrode and the
second adjacent drive electrode 540 as the inactive drive electrode.» A potential
difference therefore exists between the active drive electrode 530 and the first and second
sensor electrodes, SA 310 and SB 320 and an electric field 520 extends from the
electrode above the surface of the touch panel. A first mutual capacitor CA 560 is
therefore formed over a first coﬁpling distance between the active drive electrode and the
first sensor electrode 310 and a second mutual capacitor CB 550 is formed over a second

coupling distance between the active drive electrode 530 and the second sense electrode
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320. The first mutual coupling capacitor CA 560 is therefore formed over a shorter
coupling distance in the plane of the electrode array than the second mutual coupling

capacitor CB 550. The capacitances of the first and second mutual capacitors, CA and

- CB, may changeidue to the presence of an input object. These changes in capacitance

of the first and second mutual coupling capacitors from their baseline values (i.e. with no
objects in proximity) are herein denoted by ACA and ACB respectively. -
[0049] | |

The relationship between the capacitance of the first and second mutual

capacitors, CA 560 and CB 550 and the height of an input object 510 above the touch

-panel surface, Zopsecr, is illustrated in FIG. 7.  If the input object 510 is conductive and

connected to ground, such as a human finger, the capacitances of the first and second
mutual capacitors, CA 560 and CB 550, will change in a first characteristic way. As
illustrated, this first characteristic change may be observed as a decrease in both CA 560
and CB 550 from an initial value as the height of the input obj'ect above the surface of the
touch panel is reduced. For convenience, in FIG. 7 the initial values of the first and
second mutual capacitors are shown to be the same value C, though this need not
necessarily be the case. These changes in cepacitance are well-known phenomena that
arise because the input object shunts a portion of the displacement current from the drive
electrode to ground away from the sense Aelectrodes. If the input object 510 is
non-conductive, the capacitances CA 560 and CB 550 will change in a second
characteristic way that is different from the first characteristic way. As illustrated, this
second characteristic change may be observed as a decrease in the capacitance of the first
mutual capacitor CA 560 and an increase in the capacitance of the second mutual
capacitor CB 550 as the height of the input object is reduced. The change in the

capacitance of the second mutual capacitor CB 550 arises because of the larger relative
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permittivity (dielectric constant) of the input object 510 compared to air. As the input
object displaces the air as the capacitor dielectric material the effective dielectric constant
of the second mutual capacitor is increased thus resulting in an ingrease{_‘_in capacitance.
[0050]

By compariﬁg the measured capacifance values of the first and second mutual
coupling capacitors across the array, it is possible to calculate the location of the input
object, whether or not it is touching the touch panel surface and whether the input object
is conductive or non-conductive. In one exefnplary method the difference, AC, between
the changes of the first and second mutual coupling capacitors, i.e., ACA-ACB, is
calculated for every intersection in the electrode array. If the magnitude of this

difference exceeds a pre-defined threshold value then an input object is determined to be

touching the touch panel surface at the location of the intersection. If the sign of the

difference is negative (i.e.‘AC=ACA-ACB<O) then the input object is determined to be

conductive but if the sign of th¢ difference is positive (i.e. ACFACA-ACB>0) then the
input object is determined to be non-conductive.
[0051]

The changes in capacitance may further be examined to determine the height of
the input object above the surface of the panel. For example, the magnitude of the
difference, AC, may provide a measure of the input object height whilst the sign of the
difference may provide a measure of the object type. Methods of calculating the height
of an input object above the surface of a capacitive touch panel aré discloseci in U.S.
Application No. 13/541,423 filed on March 30, 2012, which is herein incorporated by
reference in its entirety.

[0052]
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FIG. 8 shows a schematic diagram of a circuit that may be used to measure
capacitances CA and CB. The circuit described herein is provided as an example of a

capacitance measurement circuit using a charge transfer technique as is well-known in

 the field. Alternatively, other known circuits and techniques for capacitance

measurement may be used. The schematic diagram shows the readout circuitry associated
with a givén pair of ring and centre sense electrodes. A voltage pulse generator 875
supplies drive voltage pulses to the active drive electrode 530, whilst charge integrator
circuits 880 hold sense electrode SA 710 and sense electrode SB 730 at a constant
voltage. - Such charge integrator circuits 880 are well known to one skilled in the art,
and typically comprise an operational amplifier 881, an integration capaéitor 882 and a
reset switch 883. The charge integrator circuits 880 additionally have a first input
switch 8«84 and a second input switch 885, which are operated so as to accumulate charge
onto the integration capacitors 882 over the course of multiple drive voltage pulses.
The amount of charge accumulated on each integration capacitor is indicative of the
.mutual capacitance between the active drive electrode and the respective sense electrode,
SA or SB.

[0053]

The operatidn of the capacitance measurement circuit shown‘ in FIG. 8 1s now
described with reference to the waveform diagram of FIG. 9. A switch 883 is firstly
closed under the control of a reset switch control signal RST so that the output voltages
VOUTA and VOUTB begin at a known voltage, such as the system ground potential. A
first input switch 884 is then closed under the control of a first inpuf switch control signal
S1. The voltage pulse generator 875 now raises the voltage of the drive electrode 530
to a high voltage level aﬁd the input of the charge integrator is maintained at a constant

level by the first input switch 884. Next, the input switch 884 is opened and the second
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input switch 885 is closed under the control of a second input switch control signal S2.
The voltage pulse generator 875 now returns the voltage of the drive electrode 530 to a
low voltage level causing charge to be injected across capacitor CA (or CB) and
accumulate on the integration capacitor 882. This causes the output voltage of each
integrator circuit to rise by an amount that éorresponds to the capacitance, CA or CB,
betwgen the active drive electrode and the relevant sense electrode. This operation of
applying a voltage pulse to the drive electrode 530 and cycling the ﬁrst_ and second input
switches may be repeated many times (for exﬁnple 20 times) in order to generate a
measurable voltage at the output of each integration circuit.
[0054]

A capacitive touch panel system that employs the electrode arrangement and
height sensing technique described above is shown in FIG 10. A touch panel 1000
comprising the touch panel substrate 410 described above fnay be mounted on a liquid
cryStal display device 1610. Electrical connections are made between the touch panel
1000 and a controller circuit 1020. The controller circuit 1020, which includes voltage
pulse generators and charge integrator circuits as shown in FIG. 8, issues a time varying
voltage stimulus to the touch panel drive electrodes whilst maintaining a constant voltage
at the touch panel sense electrodes. The controller circuit 1020 measures the charge that
flows from the sense electrodes in response to the voltage stimulus, as this charge .is
indicative of the mutual capacitance between the drive ‘electrodes and the sense
electrodes. The measured capacitances are then conveyed to the host electronics. 1030,
which determine the position and type of input objects touching the surface of the sensor.
Alternatively, the calculation of input object position and type may be accomplished

within the controller circuit 1020, and the calculation result passed to the host electronics
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1030. The host electronics may generate a video image in response to detected objects,
and may pass this video image to the liquid crystal display device 1010. |
[0055]

In accordance with a second embodiment of the invention, shown in FIG. 11, the
electrode array includes a plurality of drive electrodes and sense electrodes in which the
drive electrodes are arranged in pairs such that two drive electrodes are provided at every
intersection in the array. Each drive electrode pair includeé a first drive electrode, DA
1110, and a second drive electrode, DB 1120. The second dﬁve electrode DB 1'120 may
have a dfamond geometry, while the first drive electrode DA 1110 may be split into two
parts that run cither side of the second drive electrode DB 1120. The electrode
arrangement may be symmetrical around the centre line of the second drive electrode DB
1120. In this way, the second drive electrode DB 1120 is more distant from each sense
electrode than the first drive electrode DA 1110. Accordingiy, the mutual coupling
capacitor between the first drive electrode DA 1110 and the sense electrode is similar to
the capacitance CA above and the mutual coupling capacitor between the second drive
electrode DB 1120 and the sense electrode is similar to the capacitance CB.

[0056]

This second embodiment is operated in two distinct phases for each pair of drive
electrodes, as illustrated by the schematic diagram of FIG. 12 and the waveform diagram
of FIG. 13. In a first phase, a first voltage source 1210 excites a first drive electrode DA
1110 with a changing electric potential (VA), and a second voltage source 1220 holds the'
second drive electrode DB 1120 at a constant electric potential (VB), whilst the charge
that flows from each sense electrode 1130 is measured. In a second phase, the same
first drive electrode DA 1110 is held at a constant electric potential, and the same second

drive electrode DB 1120 is excited with a changing electric potential, whilst the charge
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that flows from each sense electrode 1130 is again measured. For each phase of
operation, the timings for switches 883, 884, and 885 are as described above for the first
embodiment and shown in FIG. 9. Following a similar proéedure as that described
above it is possible to détermine whether or not an input object is touching the sﬁrface of
the touch panel and whether the input object is conductive or non-conductive by
comparing measuremenf results from the first and second phase, ‘i.e., corresponding to
the capacitances of CA and CB.

[0057]-

In accordance with é thifd embodiment of the invention, the electrode array
comprises a plurality of drive electrodes and sense electrodes arranged as drive electrode
pairs and sense electrode pairs. FIG. 14 shows a plan view of the electrode gebmetry
according to this embodiment. As with the first embodiment, the sense electrode pair
includes a first sense electrode, SA 1410, and a second sense electrode, SB 1420. The
first sense electrode SA 1410 is split into two parts, which run to either side of second
sense electrode SB 1420. In addition, the drive el¢ctrode pair includes a first drive
electrode, DA 1430, and a second drive electrode, DB 1440. As described in the second
embodiment, the first drive electrodé DA 1430 is split into two parts, which run to either
side of second drive electrode DB 1440. Each electrode in the drive electrode pair
forms a mutual coupling capacitor with each electrode in the sense electrode pair. One
part of first drive electrode DA 1430 is positioned close to one part of first sense
electrode SA 1410, in tﬁe plane of the sensor substrate. These electrodes are positioned
between the second drive electrode DB 1440 and the second sense electrode SB 1420.
As illustrated in the cross section diagram of FIG. 15, a first mutual coupling capacitor,
CAA 1510, is formed over a first coupling distance between the first drive electrode DA

and the first sense electrode SA and a second mutual coupling capacitor, CBB 1520, is
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formed over a second coupling distance betweén the second drive electrode 1440 and the
second sense electrode 1420. The first mutual coupling capacitbr CAA 1510 is
therefore formed over a shorter coupling distance in the plane of the electrode array fhan
the second mutual coupling capacitor CBB 1520. Two additional mutual coupling
capacitances are also formed: a third mutual coupling capacitor, CBA 1530, between the
second drive electrode DB 1440 and the first sense electrode SA 1410; and a fourth
mutual coupling capacitor, CAB 1540, formed between the first drive electrode DA 1430
and the second sense electrode . 1420.

[0058]

This electrode array may be operated in two distinct phases. In a first phase, a
voltage stimulus (chaﬁging electric potential) is applied to the ﬁrst drive electrode DA
and the second drive electrode DB is held at a constant electric potential. The charge -
that flows from the first sense electrode SA and the charge that flows from second sense
electrode SB in response to this stimulus are measured. In ‘a second phase, the first
drive electrode DA is held at a constant eleétric potential whilst a letage stimulus is
applied to the second drive electrode DB. Again, the charge that flows from each sense
electrode is measured. The capacitance values of the four mutual capacitofs CAA 1510,
CBB 1520, CBA 1530 and CAB 1540 are therefore measured by this method. The
changes in capacitance of the mutual coupling capacitors CAA, CBB, CBA aﬁd CAB
from their baseline values are herein denoted by ACAA, ACBB, ACBA and ACAB
respectively. The changes in capacitances of the first and second mutual coupling
capacitors ACAA and ACBB may be analyzed to determine whether or not an input
object is touching the surface of the touch panel and to determine whether or not the
input object is conductive or non-conductive. An advantage of this arrangement of

drive and sense electrodes is that there may be more difference between the change in



10

15

20

WO 2015/093581 ‘ PCT/JP2014/083631

28

capacitance of the first mutual capacitor, ACAA, and the change in capacitance of the
second mutual coupling capacitor, ACBB than in the previous embodiments. A more

accurate measure of touch location and a clearer distinction between the input object type

is therefore possible.

[0059]

.FIG. 16 shows an electrode arrangement in accordance with a fourth
embodiment of the invention. The electrode array of the present embodiment includes a
plurality of sense electrode pairs 1600, each »paivr_cc’)mprising a first dual-functio‘n sense
electlv”()de‘ 16i0 énd a second dlial—ﬁmctidn sehsé e.lectrode 1620, and a plurali_fy’ bf drivé
electrodes 1630, 1650. A first connecting wire 1612 is connected to the first
dual-function sense electrode 1610 and a second connecting wire 1622 is connected to
the second dual-function sense electrode 1620. ‘The‘drive electrodes 1630, 1650 and the
shapes of the ﬁrst and second dual function sense electrodes 1610, 1620 may be formed
in the transparent conductive layer 420 and the first and second connecting wires 1612,
1622 may be formed in the conductive bridge layer 450. Electrical isolation of the
electrodes from the connecting wires is achieved by the insulator layer 460 between the
transparent conductive layer 420 and the conductive bridge layer' 450. Contact holes
1626 are formed in the electrically insﬁlating layer 460 to connect the first and second
connecting wires 1612, 1622 to the first and second dual-function electrodes 1610, ‘1620
respectively. The first and second connecting wires 1612, 1622 may be narrow such
that they hax)e negligible impact on the transparency of the touch panel. This electrode
arrangement is described in U.S. Application No. 13/435,898 filed on March 30, 2012,
which is he:éin incorporated by reference in its entirety.

[0060]
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The first dual-func.tion electrode 1610, is adjacent to odd numbered drive
electrodés 1650, while the second dual-function electrode 1620 is adjacent to the even
numbered &ive electrodes 1630 closely. Theréfo_re when one of the odd numbered |
drive electrodes 1650 is excited, it forms a coupling capacitance to the first-dual function
electrod‘e 1610 over a short distance and a coupling capacitance to the second
dual-function electrode 1620 over a longer distance. For the intersection of an odd
numbered drive electrodé 1650 and the sense electrode pai; 1600, the first dual-function
electrode 1610 may be considered as the ﬁrst‘ sénse electrode SA as described abdve and
the second dual—ﬁﬁction electrode 1620 may Be ;:onsidered as the'éecoﬁd sense electrode
SB as described above. Conversely, for the intersection .of an even numberedi drive
electrode and the sense electrodes, the first dual-function electrode 1610 may be
considered as the second sense electrode SB as described above and the second
dual-function electrode 1620 may be considered as the first sense electrode SA as
described above. It is therefore possible to measure the ﬁrst and second mutual
capacitances CA and CB at all intersections in the array by appropriate intérpretationAof
the charge integrator circuit outpui voltages.

[0061]

An advantage of this arrangement of drive and sense electrodes is that the
electrode ﬁll factor may be improved. ~ That is to say, the percentage of the area of the
electrode array occupied by the drivev>and sense electrodes is increased. Accordingly,
the signal-to-noise ratio of the tquch panel may be improved and thé object positioﬁ may
be more accurately calculated.

[0062]
In accordance with a fifth embodiment of the present invention, an electrode

array includes sense electrode pairs and drive electrode pairs that are arranged as follows.
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The sense electrode pairs are divided into odd numbered_ sense électrode pairs 1700 and
even numbered sense electrode pairs 1702. The drive electrode pairs are divided ihto
odd numbered drive electrode pairs 1704 and even numbered drive electrode ’pai‘rs-1706.
The sense electrode pairs are formed by a first and second dual-function sense electrode
and the drive electrode pairs are formed by a first and second dual-function drive
electrode. As shown in FIG.17A, the first odd nﬁmbered dual-function sense electrode,
sense electrode Al 1710, is adjacent to the first odd numbered drive electrode, drive

electrode Al 1730. The second odd numbered dual-function sense electrode, sense

-electrode B1 1720, is adjacent to the first even numbered drive electrode, drive electrode

A2 1735. The first even numbered dual-function sense electrode, sense electrode A2
1715, is adj'acent to the second odd numbered drivé velectrodé,_ drive electrode B1 1740.
The second even numbered dual-function sense electrode, sense electrode B2 1725, is
adjacent to the second even numbered drive electrode, drive electrode B2 1745.
Connecting wires 1760 may be used to connect between the different sections of each
electrode. The electrode sections may be physically connected to the connecting wires
by vias 1750.

[0063]

The electrode array of the present embodiment may be formed using, for
example, standard photolithographic or printing techniques. FIG. 17B shows a cross
secﬁon through the second odd numbered dual-function sense electrode, sense electrode
B 1720 at an intersection 1770 to illustrate the touch panel structure. The electrodes are
formed in a transparent conductive layer 1782 which is deposited oﬁto a sensor substrate'
1780. The transparent conductive layer 1782 rnay be patterned into the pattern of the
drive electrodes and sense electrode‘as described above. So that the drive and sense

electrodes may cross each other without electrical contact an insulating layer 1784 and a
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conductive bridge layer 1786 may, for example, be deposited on top of the transparent
conduetive layer 1782. This conductive bridge layer 178‘6 may be patterned and used as
the connecting wires 1760 to connect different sections of the same electrode. At the
locations where contact.between the conductive bridge layer 1740 and. the transparent
conductive layer 1720 are required, contact holes 1788 are created in the insulating layer
1784 to create the vias 1750. The sensor substrate 1780 may be made of a transparent
insulating meterial, such as glass, plastic or the like. The btransp‘arent conductive layer
1782 may be a transpareht conductive material such as, for example, Iﬁdium Tin Oxide
(ITO) or Indium Zinc Oxide (IZO). The insulating layer 1784 may be an insulating
material sueh as, for example, silicon dioxide, silicon nitride or acrylic resin. The

conductive bridge layer 1786 may be an opaque metallic material such as, for example

‘aluminium.

[0064]

The capacitance of four diffe_rent coupling capacitors may be measured at each
electrode element in the electrode array of the present embodiment.  For example, for an
electrode element that corresponds to an odd numbered sense electrode pair and an odd
numbered drive electrode pair, the first odd numbered dual-function sense electrode,
sense electrode A1 1710, and the first odd numbered dual—functioe drive electrode, arive
electrode Al 1730, form capacitor CAA. The first odd numbered dual-function sense
electrode, sense electrode Al 1710, and the second odd numbered dual-function drive
electrode, drive electrode B1 1740, form capacitor CAB. The second odd m_lmbered’
dual-function sense electrode, sense electrode B1 1720, and the first odd numbered
dual-function drive electrode, drive electrode Al 1730, form capacitor CBA. The
second odd numbered dual-function sense electrode, sense electrode Bl 1720, and the

second odd numbered dual-function drive electrode, drive electrode B1 1740, form



10

15

20

25

WO 2015/093581 PCT/JP2014/083631

32

capacitor CBB. The capacitor CAA at each intersection is therefore formed over a short

distance and the capacitor CBB is formed over a longer distance. The capacitances of

- the four different coupling capacitors CAA, CAB, CBA and CBB may be measured using

the aforementioned methods. Object position and fype may be calculated by computing
£he change in these capacitances from their baseline values due to the presence of an
input object using one of the aforementioned methods. An advantage of the electrode
array of the present embodiment is that the ﬁll factor of the electrode pattern ié improved
and there is a large difference between the coupling distances of the capacitors CAA and
CBB. A more distinct change in the measured capacitances due to the presence of an
input object is therefore observed simultaneously with an increase in signal-to-noise
ratio.

[0065]

In accordance with a sixth embodiment of the present invention, an electrode
array with improved .optical performance is provided. The electrode array of the
previous embodiment may suffer from the disadvantage that the connecting wires may be
visible and adversely affect the quality of the displayed image when ﬁsed in conjunction
with a display. Accordingly, it is desirable to replace the conductive bridge layer 1786
with a second transparent conductive layer. However, transparent conductive materiais
typically exhibit a much lower conductivity than opaque metal materials. Forming the
connecting wires 1760 with a transparent conductive material would therefore increase
the resistance of the electrodes and lead to a reduction in the signal-to-noise ratio of the
touch panel. The electrode array of the present embodiment, shown in FIG 18, allows
the electrode arrangement of the previdus embodiment to be realized whilst minimizing
the overall resistance of each electrbde without adversely affecting the capacitance

measurements.
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[0066]

The electrode array includes sense electrode pairs that are formed in a first
transparent cenductive layer and drive electrode pairs thet are formed in a second
transparent conductive layer. The first and second transparent conductive layers are -
separated by an insulating 1ayér and may be arranged as shown in FIG. 18. The material
used for the first and second conductive layers may be a transparent conductive material,
such as, for example, Indium Tin Oxide (ITO) or Indium Zinc Oxide (IZO). The sense
electrode pairs are divided into odd numbered sense electrode pairs 1800 and even
numbered sense electrode pairs 1802. The drive electrode pairs are divided info odd -
nurﬁbered drive electrode pairs 1804 and even numbered drive electrode pairs 1806.
The sense electrode pairs are formed by a ﬁrst. and second dual-function sense electrode |
and the drive electrode pairs are formed by a first and second dual-function drive
electrode. The first odd numbered dual-function sense electrode, sense electrode Al
1810, is ‘adjacent to the first odd numbered drive electrode, drive electrode Al 1830.
The second odd numbered dual—ﬁmction sense electrode, sense electrode Bl 1820, is
adjacent to the first even numbered drive electrode, drive electrode A2 1835. The first
even numbered dual-function sense electrode, sense electrode A2 1815, is adjacent to the
second odd numbefed drive electrode, drive electrode Bl 1840. The second even
numbered dual-function sense electrode, sense electrode B2 1825, is adjacent to the
second even numbered drive electrode, drive electrode B2 1845.

[0067]

Accordingly, as in the previous embodiment, four coupling capacitors CAA?
CBB, CAB and CBB are formed at each electrode element in the array, the eapacitances
of which may be measured and examined to determine objeet position and height.

Advantageously, the resistance of the connecting wires formed in the first and second



10

15

20

25

WO 2015/093581 PCT/JP2014/083631

34

- transparent conductive layers may be reduced without adversely affecting the capacitance

measurement. For example, the width of the connecting wires may be increased to

compensate for the lower conductivity of the transparent conductive material without

affecting the signal-to-noise ratio of the capacitance measurements.

[0068]

A seventh embodiment of the invention, summarised in FIG. 19 is described to
explain in more detail how capacitance readings from electrode elements of the
capacitive touch panel of the invention may be used to determine the presence, type or
position of one or more input objects. |
[0069]

To simplify the disclosure herein it is assumed that all tlie processing is
performed in the host électronics 1030. Capacitance data from the capacitive touch
panel may be processed using digital, analogue or a combination of means. 1t will be
understood by those normally skilled in the art that there are many equivalent
embodiments for an algorithm, for example in embedded hardware such as a
programmable gate array, FPGA or microcontroller, as part of the controller circuit 1020;
or on a software platform connected to the hardware, such as in a CPU or GPU, as part of
the host electronics 1030; or some corﬁbination of these or similar units. In addition,
some steps in the computation may be suited to analogue hardware implementation
methods within the controller circuit 1020 (for example, time averaging and subtracting
offsets for calibration 1910). It will be further understood that the selection of method
of implementation does not affect the essential character of the processing steps.
Furthermore, the presentation of the processing steps as an ordered sequence of
straightforward operations is simply for ease of understanding. Those skilled in the art

will be well aware that processing steps may occur in a different order, or concurrently,
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depending on the data supplied and on the available computing resources, without
changing their essential charactef; and that processing steps may also be ‘re-placed byv
different steps achieving similar results in the same spirit.

[0070]

It is assumed here that the controller circuit 1020 provides capacitance

“measurements from the touch panel 1000 as an uncalibrated data frame, F’. The data

frame comprises a number, 5, of sub-frames, F ‘4 F's, one for each measured
capacitance at a typical electrode element. For‘ example, if there are two measured
cap%citances at each electrode element as, for example,‘ CA 560 and ACB 550 frorﬁ FIG. 6,
then there will be two subframes. In general, if there are S, drive electrodes and S,
sense electrodes at each electrode element, then there could be upto S, X 5, subframes
(and note that the controller circuit 1020 need not return all possible subframes, as some
combinations of drive and sense may be judged to be of Iow information content and
may be ignored). Each subframe comprises scalar values, one per electrode element,
and each repre?enting the capacitance measured at the corresponding electrode element.
If the electrode elements are arranged in a rectangular J X X grid, then it is convenient
to represent each subframe F', as a 2D ]/ X K array of scalar values, F',{j,k}). To
ease the exposition, it is assumed that this is the case. (If the electrode elements happen
not lie on a convenient rectangular grid no essential change is required in the algorithm
given below as an example, except that subframe values in each neighbourhood will

require more intricate indexing, as will be obvious to one normally skilled in the art.

_Alternatively data on a non-rectangular grid may be mathematically resampled to a

rectangular grid using well-known resampling techniques, and then the present algorithm

used without modification on the resampled data.) For notational convenience it is
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useful to assume that requesting values of any subframe @,(j,k) lying outside the array
bounds returns the value 0.
[0071]

Typically the position of an input object near or on an electrode element
corresponds to a position in an input space of the operating system or application on fhe
device. For example, the electrode element (j,k) may correspond to pixel position
{x,¥) on an associated video display LCD 1010. Fdr convenience assume that a
function POS returns the (x,¥) position of any electrode element, that is
POS(j,k) = (x,y).

[0072]

It is further assumed that F; represents the subframe of data from .each first
mutual coupling capacitor formed over a first coupling distance, for example capacitor
CA 560 or capacitor CAA 1510, and that F'; represents data from each second mutual
coupling 'capacitor formed over a second coupling distance, for example capacitor CB
550. or capacitor CBB 1520. If 5 is greater than 2 then it follows that the
intermediate one or more fields, F', ..-F'g_vi, represent data from the other mutual
coupling capacitors in the electrode element.

[0073]

FIG. 19 shows an exemplary sequence of steps to process a data frame. First
the data frame is created by the input 1900 of sufficient data from the controller circuit
1620. Next the.frame is calibrated 1910 so that the data it contains reflects capacitance
change, AC, relative to a state of the panel when no input objects are present. The

detector 1920 examines the input subframes to detect if there any input objects present

within the detection range of the panel, and if so, their types and positions, which are

then output 1930 for consumption by the operating system or any application of the
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device. The position information may also indicate whether the input object is
considered to be in contact with the panel or not. The exact mechanism for output will
naturally depend on the choice of operating system or the application, as is well known,
and so is not described here. It will be understood that such information can allow the
user of the device to point, to touch, to drag, to zoom, to rotate or to perform-gestures and
so on, in the usual manner of a device with a touch panel ‘input.

[0074]

In co@bn with other tduch f)anel devices, the algorithm of FIG. 19 will
normally bé repeated i'ndeﬁnitely,; sé long as fhe system is powered on and ffame data is
forthcoming from the controller circuit 1020. Also in common with many conventional
touch panel devices, and as is well known, the output data of object presence and
position may optionally péss through one or more time-based filters of object position
1925 to remove jitter and provide a smoother and more reliable experieﬁce for the user.
For .example, some hysteresis niay be added to detection so that the pointer does not
rapidly appear and disappear in some cases (akin to debouncing a mechanical switch);
and a smoothing filter, such as the well-known Kalman filter, applied to the coordinates
detected by the detector 1920. The selection and tuning of such filters is a well-known
art, whose parameters will depend on the precise characteristics of each particular
implementation (especially its accuracy and sampling rate), and the required trade-off
between accuracy, smoothness and responsiveness. -

[0075(]

The calibration step 1910 may be implemented as follows. At a time when it is
known that no input object is present, for example during manufacturing or by instruction
to the user, a number ng, where 1y is perhaps twenty or more depending on the signal

to noise ratio of the measurements, of data frames N <17 ... N> are gathered from the
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controller circuit 1020. Such data, since there is no signal, must consist of base-line
capacitance plus random noise. It is simple to calculate the mean data noise frame, N,

and optionally data noise frame variance ¥, for each position (f,k) of each subframe s -

using the following standard equations:

-[0076]
[Expression]
1w
NGk =— ) N¥(GR)
| T 221: (D
1 E=n,
| vl o
V0. k) = H—Z(Nj"'(i‘,k)) -(J‘\&(Jr}k))2 S
° = % ,, ()
[0077]

These values may be stored so that, at run iime, calibration 1910 simply

subtracts the mean base-line capacitance N from the raw frame F’ to obtain calibrated

_frame data F.

[0078]
[Expression]

F (k)= Ii’:{i,k) —N.(. %) (3)
[0079] |

Note that the values of F(i,k) represent the change in- capacitance of subframe
s at the electrode element (j.k) relative to the base-line capacitance when no input
object is present. For example, the values of F,{j, k} may represent the changes in
capacitance, ACA or ACB, of the first or second mutuél coupling capacitors, CA or CB,
as described above.

[0080]
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| As is well known, time-based filtering (such as‘ time averaging) of the frame
aata may optionally be performed to increase the signal to noise ratio, if desired. It may
be convenient to perform this as part of the calibration step 1910, and to appropriately
reduce the variance estimate V,(j, %) accordingly.
[0081]

FIG. 20 shows in more detail one method for ‘implementing an input object
detector 1920. Two synthetic subframes C and N are computed 2000 and these are
examined to find a caﬁdidate input object' positiqn P, C(')rresponding‘to a peak in € Qr N
2010. Using this information the type of the input object can be determined 2020, and
itsb position estimated 2030. .When all the peaks have been examined 2040, the detector
finishes. These steps are now explained in more detail.

[0082]

The calibrated subframes are combined- 2000 Vto produce new synthetic
subframes C and N. C and N are designed to be used for detecting respectively a
conductive and a non-conductive input object. The intenﬁon is that the position of local
maxima (peaks) in C and N should correspond to positions of any input objects near to or
touching the panel. In addition, it is advantageous that C and N contain as much

capacitance signal as possible to reduce the effects of noise. One possible definition is

[0083]
[Expression]
=5 .
c(jk)= — ZCW;.E;U’,k}
2=1 (4)

=5
N(j, k)= — NW,. F,(j,k) + ZNW; E(j.K)
=2 (5)

Where the numbers €W, and NW, are positive per-subfield weighting factors
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which can be tuned to improve the signal to noise ratio.
[0084]

‘Note that a conductive input object results in a éapacitance decrease in all
subframes, and so in all the calibrated subframes F, will be negative in the region
around a conductive inpuf object (igﬁoring noise), and therefore € will have a posiﬁve
peak in such a region. A noh»conducti\;e input object results in a capacitance increase
in all subframes apart from the first, and so all the calibréted subframes F, will be

negative for s = 1 and positive for 5 > 1in the region around a non-conductive input

object (ignoring noise), and therefore ¥ will have a positive peak in such a region.

~ [0085]

' Reasonable results can be achieved, depending on the electrode and sensor
design, by taking CW, =NW, = 1 for each 5. This is the simplest case, in which the
noise variances V_-of each subframe are similar. In general it may be advantageous to
combine subframes F according to their noise variances ¥, so that the frames with
larger noise variance contribute relatively less to the total. It may also be advantageous
to adjust the relative weights so that the highest values in € and N corresponding to
conductive and non-conductive input objects touching the panel are of comparable
magnitude. It is also possible- to cfeate Synthetic subframes which are not simply linear
combinatio‘ns:' for example any rational function of subframes.

[0086]

It is useful to consider the mean variance noise ¥, of each subframe, and the
variance noise ¥ of the synthetic subframes:
[0087]

[Expression]
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== | (6)
=L } ’ ‘ (7)

§71 ‘ ' ®
[0088]
For a position P = {j,k} in an array of sensor elements, define the set L (P)

to be its four orthogonal neighbours, L {(P)}to be its four diagonal neighbours, and

Lg(P) its eight nearest neighbours:

[0089]
[Expression] |
Lo(P) = L,(P)U Ly(P) . ©)
Lo (P = (G~ 100, + 1), Gk — 1),Gk + 1} ao)
Lu) = (G =Lk~ D0 =L+ D0 + Lk=1D,§ +1k+1) an
[0090]

If the spacing of sensor elements is significantly finer than the expected input
object sizes, it may be advantageous to use larger sets of neighbours for one or more of
ﬁndihg significant peaks, for low-pass filtering, for refining peak position and for
calculating matching error, which steps will be described later. Ii is straightforward to
modify the method to accommodate such changes.

[0091]
Define the significant peak candidates SPC(®, 8) of a subframe @ with

threshold & as a set of positions P in the subframe
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(0092]
[Expression]
SPC(@,8) ={ P | 2P} >0 AVPpE Ly(P) c@(P} = @(p)] (12
[0093] |

SPC can be calculated simply by enumerating all positions in the subframe and
checking the conditions (though there are well known mbre efficient methods.)
[0094]

To determine the significant peak positions P in € or Py in N 2010 start by

finding peak candidates which are significantly larger than the expected noise,

[0095]
[Expression]
P.=5PC(C,6,) (13)
P, ‘= SPC(N, 8,) (14)
where the threshold 4, can be chosen, for example, as 3\/5, that is, three
standard deviations from the mean, to reduce the probability of detecting
random noise as a peak.
[0096}

Define a rough measure of the quality @{(P} of a peak position P to be the
maximum height‘of its signal:
[0097]
[Expression]
Q(P) = max(C{P),N(P)) (15)

[0098]
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It is also advantageous to remove peaks which are conflicting or too close
together as follows. If a point # is found in both Py and Pg, that is, P € Py n P,
then it can be discbunted, fhat is removed from both PN' and P;. Also, if point
P, €EP; and point P, € P and P, € Lg{(P,) then whichever of P, or P, has the
lower quality @(P;) or Q{P;) should be discounted. Depending on the spacing of the
sensor elements it may be advantageous to discount peaks more widely separated than
just the Lg neighbours.

[0099]

The remaining positidns Py U P, are the positions of the significant peaks.
[0100]

Th¢ input object type of an input objectv near P whel;e P €P,U P, is defined -
as a Boolean, ¢, which is true if P € P.. Thus the input object type at P 2020 can
be determined as “conductive” if ¢ isb true, “nonfconductive” if ¢ is false.

[0101] |

In a simple version of the embodiment, given a significant peak position P, the
approximate input object position may be estimated 2030 as POS{P).
[0102]

Each peak may be represented as a triple < P,c,q > where P is the\position;
¢ is a Boolean which is true if P € P; and g = Q(P} is the quality. Define 5to be the
set of significant peaks, represented in this way.

[0103]

In one variation of this embodiment only the type of a single input object is

output. In this case determine the significant peak < P,c,g > €5 with the largest

value of g. If ¢ is truethen the peak detector 1920 outputs “conductive” otherwise
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“non-conductive”. If 5 is empty then the output is “no input object”. In any case the

peak detector 1920 terminates.

[0104)

In another variation of this embodiment the .tyI-)e and approximate position of a
single input object is output. In this case determine the significant peak < P,c,g=> € §
with the largest value of gq. The peak detector 1920 outputsA POS(P) and, if ¢ is
true, “conductive” otherwise “non-conductive”. If S is empty then the output is “no
input object”. In any cése the peak detector 1920 terminates.

[0105]

In another variation of this embodiment the type and approximate positions of

“upto Ngp > 1 input objects are output.  This would be suit_able for a multitouch system.

In this case determine those significant peaks < P,c, g > € 5 with the up to Ngp largest
values of g. The peak detector 1920 outputs POS(E) for each one, and, for each one
if ¢ is true, “conductive” otherwise “non-conductive”. If S is empty then the output
is “no input object”. In any case the peak detector 1920 terminates.
[0106]

In another variation of this embodiment the detection of significant peaks is
extended to consider more spread-out peaks which do not have a high peak value, but

which cover a broad region. It may then be advantageous to consider also peaks in a

- spatially low-pass filtered version of C or N. In other words, the synthetic subframes

can be obtained by low-pass filtering of a weighted sum of calibrated subframes. There
are many possible low-pass spatial filters which would be suitable. For exarﬁple, define
the spatial low- pass.ﬁlter LPF (ib; ,b,¢) of a subframe @ as a new subframe gi\}en
by

[0107]
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LPF(®,a,b, c)(P) = av.fb(P) +b. Z Cb(p}—i-c.; Z @(p) N
peL.(P} peL (P (16)

[0108]

The scalar parameters a,b ahd c may be éhosen as, for example, the
parameters of a Gaussian filter, for example a = 0.6193, b = 0.0838 and ¢ = 0.0113,
Then the set of significant peak candidates in the filtered subframes may be combined

with those in P, and Py to give

[0109] -
[Expression]‘
P'. =P.USPC(LPF(C,a b,c),6,} an
Py = Py USPC(LPF(N,a,b,c),8,) (18)
[0110]

Pi and Py are then used in place of P, and Py respectively. The threshold

€, may be chosen to be Z\F? , that is, two standard deviations. The parameters

‘a,b,c,8, need not be identical for the two equations.

~[0111]

In an eighth embodiment, illustrated in FIG. 21, an extra step 2140 is added to

the input object detector 1920 of the previous embodiment to improve the position

 estimate POS(P) before it is output, as follows. Instead of outputting POS(P) for

significant point < P,c, q > instead output POS5,(P) where P05, is defined as a
weighted sum of point positions near to P, weighted by a function of the measured
capacitance change in C or N as appropriate. For the example below we take the
“near” points of P to be its 8 neighbours Lg{P). More points may be used if the

pointing object is expected to be large and if computing resource is sufficient. For the
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function of measured capacitance a simple exponent power may be used. Here w,,

W,
and w, are weighting factors for neighbours at different distances, w, is a weighting
exponent, and @ = Cif ¢, N if ~c.

[0112]

[Expression]

POS,(P) = w, POS(P).®(P)"
tow, Z POS(p).®(p)"e +w, Z POS(p).®(p)"
pEN, (P} , BEN4 (P) ’
(19)
[Ql 13]

For example, reasonable results .can be achieved by choosing
w, = 2,w, = 06193, w, =0.0838 and w,;=0.0113 (that is, Gaussian spatial
weighting factors).

[0114]

In a ninth embodiment, illustrated in FIG. 22, the improve estimate step 2140 of
the eighth embodiment is refined by the addition of a model fitting step.
[0115]

A model M of the calibrated déta is defined to be a function of a certain kind: it
takes as input a description of an input object and its position relative to an electrode
element, and for a given subframe, =, predicts the change in capacitance AL (that is, the
calibrated capacitance) that would be measured at the electrode pair corresponding to
subframe s, due such an input object at the given position. Thus |
[0116]

[Expression]

M(s; x,v,z,w,e) = AC (20)

where s is the subframe index, {(x,¥) is the horizontal pixel displacement
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(which for definiteness and simplicity of explanation is assumed to bé in the
same axes and units as returned by the POS(P) function), z is the
perpendicular height of the input object above the panel, w represents the
physical shape of the input object, and e its electrical properties. A model
may also predict synthetic subframes (eg # and € or sdme other arithmetical
combination of F..Fg). It is necessary to have two models, M. for
conductive input objects and My for non-conductive objects.
[0117] |
Good results. have been found by choosing w to be the diameter of a circular
input object and e to be the conductance to ground for M, (in the case of a conductive

input object) or the average permittivity of the input object for M, (in the case of a-

- non-conductive input object).

[0118]

The values, AC, returned by a model may be constructed by direct experimental
measurement of a nﬁmber of different input objects at a numbér of different (known)
locations, and using standard interpolation and extrapolation techniques to obtain other
values (i.e. those for which an experiment was not performed). For example good
results were obtained with this method using measurement data obtained over all
combinations of the fdllowing ranges of variables: |

e x and ¥ at spacing of one quarter of the electrode elvement spacing, starting from
the electrodé and moving up to séven steps in the pos\itive direction of each of the
two axes. It was assumed that since the electrode elements are symmetric in the
x and ¥ directions that the measurements for the negative directions would be
the same as the positive directions (ie M{s: x,y.z,w, e} =

M(s; —x,v.zwe)= M(s; x.-v.zwe)= M(s; —x,—y,zw,e) for all
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valid parameter values.) Thus 49 measurements in x and ¥ for each
configuration of s,z,w and e.
e =z at 26 values from zero (touching the panel) to 24mm in front of (above) the
panel, more closely spaced around zero
e w at three cylindrical input objects 3mm, Smm and 10mm in diameter, using
either a metal, gr_ounded object (for the conductive model) or a plastic object (for
the non-conductive model).
e For e it was .considered sufficient to assume that each model scales linearly with
e: |
[0119]
[Expreséion]
MG %3,2w,6) = e M(s; y,zwd) @1)
[0120]

In addition, the capacitance change is known to fall to zero as the input object
moves further from the electrode element, or as the input object size approaches zero.
This gives a good boundary condition for extrapolation. Good results were obtained
using linear interpolation, though other known methods‘of interpolation may be equally
good.

[0121]

Alternatively, it would be possible to construct M using other techniques of
model building, well known to those skilled in the art (e.g., models based on theoretical
calculations). For example, using a finite element simulation model to predict the

electrical capacitances for a given input object position, either with or without
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interpolation. For a further example, the model could be approximated by closed-form

equations, or a combination of these techniques.

[0122]

~ Next is explained how to use the models Ma and M, to calculate the inpu_t
object position, as shown in FIG 22. The input to the modified Improve Estimate block
2140 is a canaidate peak position P = (j, k}, the peak type, and the cﬁrrent’calibrated
data frame F. The appropriéte model M, or M, 2210 is selected 2220 depending on
the peak ‘type, conductive or non-conductive. An initial guess g. = {x,v,z,w,e} is
made 2230 for parameters of the input obj ect relative to POS (P). The measured values
in the frame at and near to P are compared with the predicted values of the selected
model M to obtain an error term 2240. If the error is too large the guess is improved
2260 and the process repeats normally until the error is small enough or ellse the time
taken is too long. The guess g = (x,¥,z,w,e} giving the smallest error term is
assumed to be the correct input object position relative to P, and so the position
POS(P) + (x,¥) is prepared 2270 as the result of the block. Iﬁ addition it may be
advantageous to return as result some or all of z, w and e. In particular, the
judgement of whether the input object is in contact with the panel or not may be obtained
by comparing the value of z with a threshold value to be determined by testing the
behaviour of the panel with known inputs.
[(0123]

The method of optimising a set of parameters to minimise an error function is

well known, and there are many methods for doing this. It will be obvious to those
skilled in the art that FI‘G. 22 represents the outline of just one possible method.

[0124]
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The error function E (F,.P, M,g) represents a measure of the difference
between the values of a measured frame F nearto a de;[ected peak, P, and the model A4
prediction of those values due to a guesséd set of parameters g = (x,y,z,w,e). As
usual in these cases, the error t“unction‘is constructed to be always positive and to have a
minimum value of 0 just when the guess is correct (that is, corresponding to the position
and parameters of the input object causing the measured ‘fvrame values). However, due

to noise in measurement it is possible that 0 is never achieved; or that the least value of

"~ E is achieved for an incorrect guéss; or that the guess corresponding to the least value is

not found by the minimisation procedure. It is assumed that such errors will be small or
negligible by a user of the system. When this method is used the quality @(P) of the
peak may be redefined as some decreasing function of the smallest error term, for
example Q(p) = _Eg‘ where\ £y is t_he smallest error found by the minimisation
procedure.

[0125]

Reasonable results were achieved using the following error function
E(F,P,M,g). The frame AC values at point P and its eight neighbours Lg{P} were
used to calculate E. An error weight function r{s,p)} = 0 was chosen, defined for
each position p € {(0,0)} U L5(0,0) and each subframe F, of F. Then define
[0126]

[Expression]

EFEMa) =Y Y rlsp

SES pEPULL(P)

— P) (M(Sx P— P— (x’ }’),Z,W, e) - F;{pz))g
| (22)

[0127]
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For definiteness, the weights may be chosen as squared Gaussians, so that
r(s,p—P) is 1 atp =P, 008382 if  pe€L,(P) and 0.0113% if p € L (P).
The general idea ié that points nearer to the peak should have more weight. They may
also be adjusted so that subframes with higher signal to noise ratio have more weight.
[0128]

. Alternatively, it may be advantageous to reduce the dimensionality of the search
by using the structure of M. In particular, since M(s;x, ¥, z,w,€)} is assumed in one
modél to be a linear function of e, then e can be removed from thi: search space, and
instead calculated as the one giving the leaét error. To do this, define
M (sx.v,zw) = M(six,y,zw,e)fe, and a coriesponding E'(F.P,M,g") where
g =(@yzw)by
[0129]

[Expression]
E'(F,P,M, g) = mins Dees Ty epurycmy7(5:0) (e .M (s p— P — (5,3, 2, w) ~
F@))’ |

(23)
[0130]

Since the term inside the min is simply a positive quadratic ﬁmqtion of 2 itis
simple to solve in closed form for the minimum value. The reduced dimensionality of
the search may potentially allow the procedure to be applied using less computational
resource.

[0131]

In accordance with a tenth embodiment, and illustrated in FIG. 23, the

application or operating system of the device selects an action depending on at least one

of the type and the shape of input object detected. In FIG. 23, the system receives input
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object type and shape 2300 which has been detected in unit 1900. The shape may be

described by a parameter, w. The type may be “conductive” or “non-conductive”, and
this is in addition to any information about the position of the input object or whether the
input object is determined to be touching or not touching the panel. The information is
used to select 2310 an action. The action may be A 2320 or B 2330 depending on the
type, and may additionally be parameterised by w.

[0132]

Thus for example a drawing program could draw in a first colour when the user

touches the panel with a conductive stylus, pencil or finger, and could draw in a second

colour when the user touches the panel with a non-conductive stylus. Alternatively, the
drawing progrgrﬁ could draw when the user touches the panel with a conductive stylus or
erase when the user touches the panel with a non-conductive stylus. The
non-conductive stylus may be for example a physical eraser such as found on the end of
many pencils. H
[0133]

| An application or operating system could regard a touch with a conductive
stylﬁs as equivalent to a lefi-mouse-click, and with a non-conductive stylus as a
right-mousé-click. Or vice versa.
[0134]

Using the w parameter from earlier embodiments, the operating system or
application could vary or select an action depending on the size or shape of input object
as well as or instead of its conductivity. Fér example the user could draw thin lines
using a pencil as a stylus, and thick lines using a finger. Or a touch with the thin stylus
could be interpreted as a left click, and with a thick stylus as a right click.

[0135]
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In accordance with an eleventh embodiment, and illustrated in F IG. 24 the
application or operating system of the device selects an action which does not depend on
the type of input object detected. In FIG. 24, the system receives input object type and
shape 2300 as in FIG. 23. The‘shape may be described by a parameter, w. The type
may be “conductive” or “non-conductive”, and this is in addition to any information
about the position of the input object or whether the input object is determined to be
touching or not touching the panel. An action 2330 is taken which does not depend on
the additional information.

[0136]

Thus, for example, the user may operate the application in a single way, that is
with a single kind of touch operation, which does not depend on whether the stylus used
is conductive or not; and which would work if the user points with a bare finger or with a
gloved finger; and which would work with a thin or fat stylus.

[0137]

The application or operatiﬁg system may automatically select between the
various modes of interaction described above. Alternatively, the application or
operating system of the device may provide a usef interface element which allows the

user to select between the various interaction modes.

INDUSTRIAL APPLICABILITY
[0138]
The invention finds application in touch panels and touch-screen devices, for
industrial and consumer electronics. It is ideally suited to products such as mobile

phones, tablet computers, ‘e-readers,’ and interactive public information terminals.
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100
110
120
130
140
150
200
210
220
230
240
270
280
310
320
330
340

400

410

420

430

440

450
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DESCRIPTION OF REFERENCE SYMBOLS

Transparent substrate
Sensing electrode
Voltage source

Input object
Capaeitor

Current sensor

Drive electrode

Sense electrode

Voltage source

Mutual coupling capacitor
Current measurement means
Drive electrode

Sense electrode

First sense electrode SA
Seeond sense electrode SB
Drive electrode

Intersection

Electrode array

Sensor substrate
Transparent conductive layer
Sensor electrodes

Drive electrodes

Conductive bridge layer
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460
470
510
520
530
540
550
560
875
880
881
882
883
884
885
1000
1010
1020
1030
1110
1120
1130
1210
1220

1410
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Insulating layer

~ Contact hole

Input object

Electric field lines
Active drive electrode
Inactive drive electrode
Second mutual cbupling capacitor CB
First mutual coupling capacitor CA
Voltage pulse gerierator
Charge integrator circuit
Operational amplifier
Integration capacitor
Reset switch

First input switch
Second input switch
Touch panel

LCD

Controller circuit

Host electronics

First drive electrode
Second drive electrode
Sense electrode

First voltage source
Second voltage sbource

First sense electrode
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1420
1430
1440
1450
1510
1520

1530

1540

1600

1610

1612

1620

1622

1626

1630

1650

1660

1700

1702

1704

1706

1710

1715

1720

- 1725
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Second sense electrode

First drive electrode

Second drive electrode

Intersection

First mutual coupling capacitor CAA
Second mutual coupling capacitor CBB

Third mutual coupling capacitor CBA

‘Fourth mutual coupling capacitor CAB

Sense electrode pair

First dual-function sense electrode
First connecting wire

Second dual-function sense eleétrode
Second connecting wire

Contact hole

Drive electrodes

Odd numbered drive electrode

Even numbered drive electrode

Odd numbered sense electrode pair »
Even numbered sense electrode pair
Odd numbered drive electrode pair

Even numbered drive electrode pair

First odd numbered dual-function sense electrode

First even numbered dual-function sense electrode
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Second od_d numbered dual-function sense electrode

. Second even numbered dual-function sense electrode
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1730

1735

1740

1745

1750

1760

1770

1780

1782 -

1784
1786
1788
1800
1802
1804
1806
1810
1815
1820
1825
1830
1835
1840
1845

1900
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First odd numbered dual-function drive electrode

First even numbered dual-function drive electrode

Second odd numbered dual-function drive electrode

Second even numbered dual-function drive electrode
Via

Connecting wire

Intersection

Sensor subsfrate

Transparent con&ﬁctive layer

Insulating layer

Conductive bridge layer

Contact hole

Odd numbered sense electrode pair

Even numbered sense electrode pair

Odd numbered drive electrode pair

Even numbered drive electrode pair

First odd numbered dual-function sense electrode
First even numbered dual-function sense electrode
Second odd numbered dual-function sense electrode
Second even numbered dual-function sense electrode
First odd numbered dual-function drive electrode
First even numbered dual-function drive electrode
Second odd ﬁumbered dual-function drive electrode
Second even numbered dual-function drive electrode

Input Data from controller
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1910
1920
1925
1930
2000
2010
2020
2030
2040
2140
2210
2220
2230
2240
2250
2260
2270
2300
2310
2320
2330

2400

38

. Calibrate

Detect input object

Filter object type and position

Output object type and position

Calculate C and N

Find significant peak position P in C or N
Determine input object type at P

Estimate approximate_ input object position
All peaks done

Irﬂprove estimate

Models

select model

Get initial guess

Evaluate error

Good enough?

Improve guess

Prepare result

input object type and shape

select action

action A

action B

action A

..5 subframe index

general frame or subframe
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P= (jk) index of electrode element in J X K rectangular array
FUR! (k) uncalibrated frame, subframe F, and electrode element (7, k).
F,F(j. k) calibrated frame |
AC change in capacitance (i.e. calibrated)

N_(j,k) mean calibration noise of measurement

C,N  synthetic subframes (for conductive & non-conductive detection)
CW,,NW, weights for constructing Cand N.

Vo(i.k) yarianc'e calibration noise of measurement

V., Vy variance of the synthetic subframes

L;(P) diégonal neighbours of P

L {P) orthogonal neighbours of P

Lo{P) eight neighbours of P

SPC(P,6) significant peak candidates of subframe ¢ with threshold &

Q(P)y =q peak quality
c estimated input object type (true = conductive, false = non-conductive)
S ={<P,cq>} significant peaks.

LPF _  spatial low-pass filter
x,¥,Z output spatial coordinateé, {x,¥) inplane, z perpendicular height

POS(P) = (x,¥)} position of electrode element in output spatial coordinates

w physical properties of input object (diameter)

e electrical property of input object (conductance / perrnittivity)
Mo M, M(s;x,y,z,w,€) models of capacitance change

g =(x,y z,we) guessed set of model parameters

E(F,P,M,g} error function in frame F, with given peak model & guess
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r{s,p) error weighting for subframe s at relative point p.
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. CLAIMS

1. A mutual capacitance touch sensor, comprising:

a substrate; |

an array of electrode elements formed on the substrate, each electrode element
including at least one of a first electrode group comprising at least two drive electrodes
and at least one sense electrode, or a second electrode group comprising at least two
sense electrodes and at least one drive electrode, wherein the respective electrodes of the
first or second group are arranged to form multiple capacitances over different coupling
distances; and

a controller opefatively coupled to the array of electrode elements, the controller
configured tb ass'ign-an input object as a conductive object according to a first
ch:clracteristic changé of the multiple capacitances as the input object approaches the
touch sensor, and assign the input object as non-conductive object according to a second
characteristic change of the multiple capacifances different from the first characterisﬁc

change as the input object approaches the touch sensor.

2. The touch sensor according to claim 1, wherein the first characteristic change is
a decrease in capacitance of the multiple capaéitances as the input object approaches the
touch sensor, and the second characteristic change is an increase in capacitance of at least

one of the multiple capacitances as the input object approaches the touch sensor.

3. The touch sensor according to any one of claims 1-2, wherein the controller is
configured to determine, based on measurements of the multiple capacitances, a location

and height of the object relative to a surface of the touch sensor.
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4. The touch sensor according to any one of claims 1-2, wherein the at least two
sense electrodes of the second electrode group are arranged as pairs such that two sense

electrodes are provided at every row-column intersection in the array.

5. The touch sensor according to claim 4, wherein a first sense electrode of a sense
electrode pair is separated from the drive electrode by a shorter distance, in a plane of the

sensor substrate, than a second sense electrode of the pair of sense electrodes.

6. The touch sensor according to any one of claims 1-5, wherein the at least two
drive electrodes of the first electrode group are arranged as pairs such that two drive

electrodes are proVided at every row-column intersection in the array.

7. The touch sensor according to claim 6, wherein a second drive electrode of the
pair of drive electrodes is separated from the sense electrode by a greater distance, in a

plane of the sensor substrate, than a first drive electrode of the pair of drive electrodes.

8. The touch sensor according to any one of claims 1-7, wherein the at least two
drive electrodes of the first electrode group are arranged as drive electrode pairs and the
‘at least oneléense electrode of the first electrode group is arranged as a sense electrode
pair such that two drive electrodes and two sense electrodes are provided at every

row-column intersection in the array.

9. The touch sensor according to any one of claims 4 or 8, wherein a first sense

electrode of the sense electrode pair is split into two parts that run adjacent to a side of a



10

15

20

25

WO 2015/093581 PCT/JP2014/083631

63

second sense electrode of the sense electrode pair.

10. The touch sensor according to any one of claims 6 or 8, wherein a first drive
electrode of the drive electrode pair is split into two parts that run adjacent to a side of a

second drive electrode of the drive electrode pair.

11. The touch sensor according to any one of claims 1-10, wherein the sense

electrodes of the second electrode group are arranged as a plurality of sense electrode
pairs, each pair including a first dual-function sense electrode and a second dual-function
sense electrode, and the at least one drive electrode comprises a pair of drive electrodes,
or

wherein the drive electrodes of the first electrode group are arranged as a
plurality of drive electrode pairs, aﬁd the at least one sense electrode cofnprises a pair of
sense electrodes, each pair including a first dual-function sense electrode and a second

dual-function sense electrode.

12. The touch sensor acpording to claim 11 wherein

the sense electrode pairs are divided into odd numbered sense electrode pairs
and even numbered sense electrodes pairs, and the drive electrode pairs are divided into
odd nlimbered drive electrode pairs apd even numbered drive ¢lectrodes pairs,

a majority of the first odd numbered dual function sense electrodes of a pair of
sense electrodes are adjacent the first odd numbered dual-function drive electrodes of a
pair of drive electrodes, and a majority of the second odd numbered dual-function sense
electrodes of the pair of sense electrodes are adjacent the first even numbered

dual-function drive electrodes of the pair of drive electrodes, and
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a majority of the second even numbered dual-function sense electrodes of a pair
of sense electrodes are adj acent the second even numbered dual function drive electrodes
of a pair of drive electrodes, and a majority of the second odd numbered dual-function
sense electrodes of the pair of sense electrodes are adjacent the first even numbered

dual-function drive electrodes of the pair of drive electrodés.

13. The touch sensor according to claim 11, wherein

the sense electrode pairs are divided into odd numbé;éd sense électrode pairs
and even numbered sense electrodés pairs, and the drive electrode pairs are divided into ”
odd numbered drive electrode pairs and even numbered drive electrodes f)airs,

a majority of the first odd numbered dual function sense electrodes of a pair of
sense electrodes are adjacent the first odd numbered dual-function drive electrodes of a
pair of drive electrodes, and a majority of the second odd numbered dual-function sense
electrodes of the pair of sense electrodes aré adjacent the first even numbered
dual-function drive electrodes of the pair of drive electrodes, and

a majority of thé first even numbered dual-function sense electrodes of a pair of
sense electrodes are adjacent the second odd numbered dual function drive electrodes of
a pair of drive electrodes, and a maj ority of the second even numbered dual-function
sense elect\r(/)des of the pair of sense electrodes are adjacent the first even numbered

dual-function drive electrodes of the pair of drive electrodes.

14. The touch sensor according to any one of claims 11-13, wherein sense electrode
pairs are formed in a first transparent conductive layer and drive electrode pairs are
formed in a second transparent conductive layer, the first and second transparent

conductive layers separated by an insulating layer.
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15. The touch sénsor according to claim 14, wherein

the sense electrode pairs are divided into odd numbered sense electrode pairs
and even numbered sense electrodes pairs, and the drive electrode pairs are divided into
odd numbered drive electrode pairs and even numbered drive electrodes pairs,

a majority of the first odd numbered dual function sense electrodes of a pair of
sense electrodes are adjacent the first odd nmnbered dual-function drive electrodes of a
pair of drive electrodes, and a majority of the second odd numbered dual-function sense
electrodes of the pair of sense electrodes are adjacent. the first even numbered
dual-function drive electrodes of the pair of drive electrodes, and

a majority of the first even nu1ﬁbered dual-function sense‘electrodes of a pair of
sense electrodes are adjacent the second odd numbered dual function drive electrodes of
a pair of drive electrodes, and a majority of the second even numbered dual-function
sense electrodes of the pair of sense electrodes are adjacent the second even numbered

dual-function drive electrodes of the pair of drive electrodes.

16. The touch sensor according to any one of claims 1-15, wherein the controller is

configured to select an action based on the determined type of the input object.

17. A method for determining the presence, type or position of at least one input
object relative to a touch panel, wherein a controllgr circuit provides capacitance
measurements from the touch panel, the method comprising:

ihputting capacitance measurement data from the controller circuit into a data
frame;

calibrating the data frame such that data represented therein corresponds to a
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chénge in capacitance relative to a state when the at least one input object is not present;
analysing the data in the data frame to determine if the at least one input'bbject
is within a detection range of the touch panel; and
when the at least one input object is within the detection range of the touch
panel, determining a type and position of the at least one input object based on the data in

the data frame.

18. The method according to claini 17, wherein determining a type and position of
the at leasf one input ébject comprises:
computing first and second synthetic subframes based on a combination of
calibrated subframes; |
analysing the first and second synthetic subframes to determine a significant-
peak position in at least one of the first or second synthetic subframe;
| determining the fype of the at least one input object at the determined significant

peak position based on a change in at least one of the first or second synthetic subframes;

and

estimating the location of the at least one input object from the significant peak
position.
19. The method according to claim 18, wherein the synthetic subframes are obtained

~ by low-pass filtering a weighted sum of calibrated subframes.

20. The method according to any one of claims 18-19, further comprising estimating
a location of the at least one input object as POS,(P), where P is the significant peak

position and POS; is defined as a sum of point positions near P and weighted by a
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measured capacitance change in the first or second synthetic subframes.

21. The method according to claim 20, wherein estimating includes defining a
model of the calibrated data frame, the model describing an input object and a
corresponding position of the input object relative to an electrode element, and for a
given subframe the model operative to predict a change in capacitance that would be
measured at the electrode element corresponding to the subframe due to the at least one

input object being at the corresponding position.

22.  The method according to any one of claims 17-21, flirther comprising selecting

an action based on the determined type of the at least one input object.

23. The method according to any one of claims 17—21, further comprising selecting

an action independent of the determined type of the at least one input object.
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FIG. 6
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