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CAPACITIVE PANEL SCANNING WITH REDUCED NUMBER OF
SENSING CIRCUITS

RELATED APPLICATION

[0001] This application claims the priority benefits of U.S. Provisional
Application No. 61/477,128, filed April 19, 2011, and U.S. Application No.
13/247,779, both of which are incorporated in their entirety by reference

herein.

TECHNICAL FIELD
[0002] This disclosure relates to the field of touch sensors and, in

particular, to capacitive sensors.

BACKGROUND

[0003] In recent years, touch pads, or capacitive sensor devices, have
become increasing integrated in various industries and product lines. Due to
the increasing popularity of "tablet" personal computers (PCs), there is a
growing need for large touch screens.

[0004] Ideally, the signals from the sensors in touch screens are received
by dedicated receivers at the system controlling the touch screen. However,
in larger devices, such an arrangement may be extremely costly and may

require an undesirably high amount of space, due to the individual receivers.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present disclosure is illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings.

[0000] Figure 1 is a schematic plan view illustrating an embodiment of a
capacitive sensor array sensing;

[0007] Figure 2 is a schematic plan view illustrating an embodiment of a
method for operating the capacitive sensor array sensing;

[0008] Figure 3 is block diagram of an embodiment of a multiple inputs
receiver for a capacitive sensor device;

[0009] Figure 4 is a schematic plan view illustrating an embodiment of a
method for operating the capacitive sensor array sensing;

[0010] Figure 5 is a schematic flow chart illustrating a traditional scanning
technique;

[0011] Figure 6 is a schematic block diagram illustrating a traditional
single phase scanning technique using the synchronous demodulation;
[0012] Figure 7 is a schematic flow chart illustrating a multi-phase
scanning technique;

[0013] Figure 8 is a schematic block diagram that provides a visual
summary of different scanning techniques;

[0014] Figure 9 is a block diagram illustrating convolution of signals in one
embodiment;

[0015] Figure 10 is block diagram of an embodiment of a receiver for a
capacitive sensor device;

[0016] Figures 11-20 are block diagrams of embodiments of an input stage
of areceiver for a capacitive sensor device;

[0017] Figure 21 is a temporal view of waveforms associated with the
input stage illustrated in Figure 16;

[0018] Figures 22-24 are block diagrams of embodiments of an input stage

of areceiver for a capacitive sensor device;
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[0019] Figure 25 is block diagram of a touch sensing device according to

an embodiment; and

[0020] Figure 26 is a block diagram illustrating an embodiment of an

electronic system.
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DETAILED DESCRIPTION

[0021] Reference in the description to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one
embodiment of the invention. The phrase “in one embodiment” located in
various places in this description does not necessarily refer to the same
embodiment.

[0022]  In the following detailed description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorough
understanding of the subject matter of the present application. It will be
evident, however, to one skilled in the art that the disclosed embodiments, the
claimed subject matter, and their equivalents may be practiced without these
specific details.

[0023]  The detailed description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show
illustrations in accordance with example embodiments. These embodiments,
which may also be referred to herein as “examples,” are described in enough
detail to enable those skilled in the art to practice the embodiments of the
claimed subject matter described herein. The embodiments may be
combined, other embodiments may be utilized, or structural, logical, and
electrical changes may be made without departing from the scope and spirit
of the claimed subject matter. It should be understood that the embodiments
described herein are not intended to limit the scope of the subject matter but
rather to enable one skilled in the art to practice, make, and/or use the subject
matter.

[0024]  In one embodiment, a method for operating a capacitive sensor
array is provided. A signalis received from each of a first number of
electrodes with a second number of receiver circuits on a controller associated

with the capacitive sensor array. The first number is greater than the second
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number. It is determined if an object is proximate (i.e., within a
predetermined proximity of, such as in contact with) the capacitive sensor
array based on the signals received from the first number of electrodes.

[0025]  The determining if the object is proximate the capacitive sensor
array may include deconvoluting the signals received from the first number
of electrodes. The capacitive sensor array may includes a plurality of
transmitter electrodes and a plurality of receiver electrodes. The first number
of electrodes may include all of the plurality of receiver electrodes.

[0026]  The determining if the object is proximate the capacitive sensor
array may include adjusting the polarity of at least some of the signals
received from the first number of electrodes. The determining if the object is
proximate the capacitive sensor array may also include scanning the signals
received from the first number of electrodes in a plurality of scanning cycles.
[0027]  The first number of electrodes may include a plurality of groups of
electrodes. During each of the scanning cycles, the polarity of the signals
received from one of the groups of electrodes may be adjusted. The polarity
of the signal received from each of the first number of electrodes may be
adjusted during one of the scanning cycles. The first number of electrodes
may include only a portion of the plurality of receiver electrodes.

[0028]  The plurality of receiver electrodes may include a plurality of
groups of receiver electrodes. The determining if the object is proximate the
capacitive sensor array may also include scanning the signals received from
the first number of electrodes in a plurality of scanning cycles. During each of
the scanning cycles, one of the groups of receiver electrodes may be
deactivated.

[0029] In another embodiment, a capacitive sensor device is provided. The
capacitive sensor device includes a capacitive sensor array and a controller.
The capacitive sensor array includes a plurality of capacitive sensors. The

controller is coupled to the capacitive sensor array and includes a first
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number of receiver channels. The controller is configured to activate a second
number of the plurality of electrodes on the capacitive sensor array, wherein
the second number is greater than the first number, receive a signal from each
of the second number of electrodes with the first number of receiver channel,
and determine if an object is proximate the capacitive sensor array based on
the signals received from the second number of the plurality of electrodes.
[0030] In a further embodiment, a method for operating a capacitive
sensor array is provided. A first number of electrodes on the capacitive
sensor array is activated. The capacitive sensor array includes a plurality of
transmitter electrodes and a plurality of receiver electrodes. The first number
of electrodes includes all of the receiver electrodes. A signal is received from
each of the first number of electrodes with a second number of receiver
channels on a controller associated with the capacitive sensor array. The first
number is greater than the second number. It is determined if an object is
proximate the capacitive sensor array based on the signals received from the
first number of electrodes. The determining if the object is proximate the
capacitive sensor array includes adjusting the polarity of at least some of the
signals received from the first number of electrodes.

[0031] Figure 1 is a schematic illustration of a touch, or capacitive, sensor
array (or device) 10 with a plurality (N) of receive electrodes (RX) (or sensors)
a plurality (K) of parallel sensing circuits (also referred to as channels,
receivers, or receiver inputs) 14, which form part of a controller (not shown).
In the example shown in Figure 1, as well as those described below, there are
sixteen receive electrodes 12 and four sensing channels 14. Although not
explicitly shown, each of the lines labeled Xi - Xi6 may correspond to a
transmitter electrode (TX).

[0032] In a conventional receiver channel scanning technique, groups of
the receive electrodes 12 are sequentially connected to the receiver inputs 14

through a series of scanning steps. Therefore, each sensor 12 is connected to a
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receiver input only for fraction of the total columns array scanning time,
which may be a very small duration with a large number of electrodes and
small number of receive channels. For example, in the example shown in
Figure 1, each receive electrode 12 is connected to a receiver input 14 for 25%
of scanning time, resulting in a poor signal-to-noise ratio (SNR).

[0033] According to one aspect provided herein, receiving signal

integration time increased, thus improving SNR. With integration time

increasing by a factor of H, SNR is improved by VH for the white noise
model. In one embodiment, more than one receive electrode is connected to
the receiver inputs at a time.

[0034] A conventional matrix representation for a receiver multiplexing
with respect to Figure 1 is provided below. Different scanning steps may be

represented by the following matrix equation for sensors X1,X5, X9, X13:

Rx, 10 00 X,
Rx, 0100 X
= X (1)
Rx, 0010 X,
Rx, 0 00 1) \X;
or
Rx=SrxX 2)
RXI X1
Rx, X,
Rx = ; X= 3)
Rx, X,
Rx X

4 13

[0035] As such, the matrix which determines relation between sensor
signals and receiver signals is unity matrix Sr. Similar matrix equations may
be provided for remaining sensors. The recovered receive electrodes signals

X may be represented as:
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X =Sr' xRx )

where Sr-1 = Sr for unity matrix.

[0036] Embodiments of the present invention provide signal multiplexing
techniques for touch sensors, or capacitive sensors, where more than one
sensor is simultaneously connected to (or sends signals to) the controller (or
receiver or receiver circuits). That is, according to one aspect of the present
invention, a signal is received from each of a first number of electrodes with a
second number of receiver circuits on a controller associated with the
capacitive sensor array. The first number is greater than the second number.
It is determined if an object is proximate (i.e., within a predetermined
proximity of, such as in contact with) the capacitive sensor array based on the
signals received from the first number of electrodes. Various details of
exemplary signal multiplexing and deconvolution techniques, which may be
used in accordance with various embodiments, are provided below.

[0037] In one embodiment, the receiver does not have the capability to
change the signal polarity of the input received from the sensors before
summing. Such a receiver provides a manner to sum signals from multiple
sensors by connecting them together to a common input bus.

[0038] In another embodiment, the receiver sums signals from multiple
sensors and individually provides a polarity change for each input. Such a
receiver may differential inputs, where individual sensors are connected
either to the positive or negative receiver inputs.

[0039] One method for scanning the sensor array which includes
connecting multiple electrodes to the receiver inputs, in accordance with one
embodiment, is shown in Figure 2.

[0040]  The scanning method depicted in Figure 2 is the “inverse” to the
scheme described above with respect to Figure 1. In the method of Figure 2,

all of the receiver electrodes 12 are connected to the respective receiver
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channel, except for one of the groups of receive electrodes 12. At each step,
the group of electrodes 12 that is not connected to the receiver channels is
changed in the manner shown. This multiplexing scheme may be represented

by the following matrix Sr:

Sr = &)

N )
S —
N — S
S = =

[0041] The receive electrode signals vector X may be found using Equation
4 by finding the inverse matrix Sr-1, this matrix would be following for this

particular case:

-0.6667 0.3333 0.3333 0.3333

S = 0.3333 -0.6667 0.3333 0.3333 ©
| 03333 03333 -0.6667 0.3333

0.3333  0.3333 0.3333 -0.6667

[0042] It is possible to estimate the possible SNR change for the proposed
sensing scheme. Taking into account that gain factors for both schemes are
the same, SNR variation is proportional to the relationship of noise standard
deviation after deconvolution for the proposed and conventional sensing
techniques.

[0043] Filter coefficients, such as for a finite impulse response (FIR) filter,
for signal deconvolution are determined by matrix (6) rows, so we can
estimate noise standard deviation by passing sample noise via this filter. A
white noise model may be used for analysis. Simulation results for this and
other different length sequences are provided in

[0044] Table 1.

10
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# Sequence SNR Improvement, times
1 011 1.16
2 0111 1.13
3 01111 1.11
4 01011 0.90

Table 1 - SNR Improvement for Different
Receive Electrode Sensing Sequences

[0045] As visible from this table, the white noise improvement is relatively
small. However, as described below, other embodiments provide a polarity
changing scheme for the signals from the receive electrodes, which show a
considerable improvement in SNR.
[0046] Figure 3 is a block diagram of a receiver 16 according to one
embodiment. The receiver 16 shown allows individual signal polarity
changes for each input. The current signals from multiple receiver inputs are
passed to a summing node in same polarity (marked as multiplication by
factor 1) or with inverted polarity (marked as multiplication by factor -1).
[0047]  An example of such a scanning procedure is shown in Figure 4.
Instead connecting and/or disconnecting receiving electrodes 12 to/from the
receiver inputs 14, the polarity of individual receiver signals is changed
accordingly to the predefined sequence and scanning step. That is, instead of
disconnecting a group of the electrodes at each step, the polarity of the signals
received from one of the groups is switched.
[0048] If we use the matrix representation (2), the Sr matrix for this

scanning configuration may be represented as:

1 1 1 -1

11 1 1
Sr =

1 11 1

1 1 1 1

11

(7



WO 2012/143752 PCT/IB2011/003284

[0049] The inverse matrix Sr-1 for this sequence:

025 -0.25 0.25 0.25

L | 025 025 -025 025
Sr™ = (8)
025 025 025 -0.25

-0.25 025 025 0.25

[0050] By using the previously described SNR change estimation
technique and calculating the noise standard deviation relations for the white
noise model, it may be determined that this method provides an
improvement in the SNR by a factor of 2.

[0051] In a capacitive sensor array with M rows and N columns, the
traditional method of sensor matrix scanning includes applying the TX signal
to one row and detecting the response from the RX columns. Therefore, the
TX signal is applied to the TX electrodes in series between different panel
scanning stages, as depicted in Figure 5. The non-energized TX electrodes 501
are grounded. In Figure 5, when the TX signal is applied to a TX row, the row
is indicated with +1. When the TX electrodes are grounded, they are
indicated with 0. Thus, full panel scanning sequence corresponds to the
moving “+1” between different TX electrodes during different scanning
stages.

[0052]  The one receiver column may be represented as a capacitive adder
for TX excitation signals, passed via panel. As the conventional sequential
scanning scheme applies only one TX signal to the one row electrode at same
time, the receiver signal is proportional to the mutual capacitance between the
excited row and receiver column only 502. This signal after rectification and
ADC conversion may be represented as some Nabc value.

[0053]  The gain factor between j-row and i-column may be represented as
kji, where k is proportional to the mutual capacitance between row and

column.

12
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[0054]

ko ki L kyy |
k k L %
K =| 22 2N
L L L L
Lk ko L kyy

As the TX signal is applied in series to the all panel rows, the

elements of this matrix are obtained on a row-by-row basis, synchronously

with applying TX signal to the corresponding row. This may be explained in

the following f

V,, =0, Vke LM

s k=]
Y10 k2

where Vijis the TX signal for j row for the k scanning stage. For the entire

panel scanning procedure, the TX signals may be represented by the

following diagonal matrix with M*M dimensions:

[0055]

1
0
S =
L
0

o o e

0
0
L
1

o U —~ o

Each receiver represents signals, coming from multiple TX

electrodes, it can be written in the following form for the i-column receiver

output signal and j-scanning stage:

[0056]

M
N spe i ZkikSkj
k=1

As a matrix, it may be expressed as

N,c=K-§

13

&)

(10)

(11)

(12)

(13)
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[0057] Taking into account the S is diagonal matrix, the linear equations
set (13) may be simplified to the following

k,=N,,...ViclLN,Vje LM (14)

ij —tVaDCij>

[0058]  Thus, calculating gain is directly proportional to the ADC readings
and do not require any additional computations. If there are N receivers, all
columns are sensed at same time. If one row scanning time is 1, the total

panel scanning time Tr is:

T,=t™ (15)

[0059]  For the panels with a large number of TX electrodes, single row
scanning time is a small fraction the total panel scanning time. Thus, the row
capacitances are measured during very short time interval, resulting in SNR
degradation due to the limited number of TX cycle processing for the one row
scanning. Another disadvantage of using the short conversion time is
receiver bandwidth increasing, causing the external noise immunity
degradation.

[0060]  Details of a TX multiphase scanning method will now be described.
It is desirable to receive row signals during whole panel scanning time Te.
This may be achieved by applying TX signals to more than one row at the
same time. If the same TX signals are applied to all TX electrodes, touch
detection only in one coordinate may be implemented. In order to recover
each row-column intersection mutual capacitance value (or full matrix K),
properties of the individual TX signal may be changed at the different
scanning stages to distinguish signals at different scanning phases and to
resolve multiple touches. The following TX signal properties may be changed:
amplitude, phase, and frequency.

[0061] A simple and easy way to implement this in the digital domain is
binary phase modulation. In this case, each TX electrode may be driven either

in-phase with the demodulation signal, or with the opposite phase as the

14
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demodulation signal. Figure 6 illustrates one sensing channel and one excited
row using such a method.

[0062]  Asshown in Figure 6, using opposite phase signals results in an
inverted ADC response. For the following explanations, the binary phase
modulation may be represented by the TX signal multiplication by scalar
factor +1 or -1.

[0063]  In general, the method includes applying different TX phase
sequences for different sensing stages and collecting channel readings for
each stage. Figure 7 illustrates a scanning sequence example. If multiple TX
signals are driven simultaneously, the receiver signal is the algebraic sum of
the signals received from the different TX electrodes 701.

[0064] If the i TX electrode phase for the j scanning stage is equal to Fj, Fj;
may accept only two values: Fj =1 for the in-phase excitation and Fj = -1 for
the opposite phase excitation signals, as all TX electrodes are activated at

same time. The F in the matrix form may be represented in the following way:

fu S L fiw
L
= FESI ) Jon 16)
L L L L
LS vz L S

[0065] There is easy to find the gain matrix K for the scanning sequence of
phase modulated TX signals. By substituting the F matrix to the Equation 13

instead matrix S, the following linear equations set is obtained:

Ny =K F (17)

[0066] By resolving the equation set (16) for the gain matrix K:

K=N,. F"' (18)
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where F-1 is the inverse matrix for matrix F, which may be determined by any
known method at the device design time, as matrix coefficients are constants
and do not change during system operation.

[0067]  The computational requirements for Equation 18 may easily be
estimated: the NADC is N*M matrix, and F-1 is M*M matrix. Thus, matrix
multiplication requires N*M2 MAC operations. For a panel with M =16 and
N=11, 2816 MAC operations are required for each scanning cycle.

[0068] Details of phase modulation function selection will now be
described.

[0069] The F matrix coefficients may be selected in multiple ways to form
the non-singular matrix. There are several criterion which may be used for
the phase modulation function selection: the matrix may be a definite matrix
for getting a stable linear set solution, the matrix coefficients determine the
filter properties of the system, so matrix may be selected in such way to get
best filtering properties, and the receiver input current when the touch sensor
is not being touched should be minimized.

[0070]  There are multiple ways for filling the matrix. One of the possible
ways is selecting a function as a pseudorandom sequence of the +1, -1 and
rotating this sequence for the complete matrix filling. For example, if we

select the following sequence, for M=10:
F =[-L+L-1,-1L+1+1,-1-1-1+1] (19)

[0071]  The full matrix F may be filled by the cyclic rotation of Fv sequence:

16
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-1 1-1-111-1-1-11
I-11-1-111-1-1-1
-1 1-11-1-111-1-1
-1-11-11-1-111-1
P -1-1-11-11-1-111 0
I-1-1-11-11-1-11
11-1-1-11-11-1-1
-1 11-1-1-11-11-1
-1-111-1-1-11-11
I-1-111-1-1-1 1-1

[0072] The inverse matrix may be expressed as

-0.1932 -0.0795 -0.2386 -0.2159 -0.1477 0.0568 0.1705 0.0114 0.0341 0.1023
0.1023 -0.1932 -0.0795 -0.2386 -0.2159 -0.1477 0.0568 0.1705 0.0114 0.0341
0.0341 0.1023 -0.1932 -0.0795 -0.2386 -0.2159 -0.1477 0.0568 0.1705 0.0114
0.0114 0.0341 0.1023 -0.1932 -0.0795 -0.2386 -0.2159 -0.1477 0.0568 0.1705
0.1705 0.0114 0.0341 0.1023 -0.1932 -0.0795 -0.2386 -0.2159 -0.1477 0.0568
0.0568 0.1705 0.0114 0.0341 0.1023 -0.1932 -0.0795 -0.2386 -0.2159 -0.1477
-0.1477 0.0568 0.1705 0.0114 0.0341 0.1023 -0.1932 -0.0795 -0.2386 -0.2159
-0.2159 -0.1477 0.0568 0.1705 0.0114 0.0341 0.1023 -0.1932 -0.0795 -0.2386
-0.2386 -0.2159 -0.1477 0.0568 0.1705 0.0114 0.0341 0.1023 -0.1932 -0.0795

-0.0795 -0.2386 -0.2159 -0.1477 0.0568 0.1705 0.0114 0.0341 0.1023 -0.1932
@n

[0073]  In Equation 21, one may observe interesting properties of the
inverse matrix, formed by the cyclic rotation of the sequence expressed in
Equation 19: inverse matrix coefficients are obtained by the cyclic rotation of
the one matrix row or column, requiring the minimum ROM area for storage.
This matrix may be normalized to be implemented on the integer
computation CPU.

[0074] It is interesting to select the Fv in such way it gives best

distinguishes between different operation phases. Using the phase

17
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modulation sequence is close to the pseudo-random process, and cyclic
process time shift allows for obtaining the phase modulation sequences,
which have minimum cross-correlation functions and provide stable solution
of the linear Equation 18. So, the cross-correlation coefficient between
different phase modulation sequences may be much smaller than
autocorrelation function peak. As it is proposed to use cyclic phase
modulation sequence rotation, this sequence autocorrelation function may
have the largest single peak and minimum side peaks.

[0075]  Also, with programmable polarity change receivers we would be
able to limit the total receiver current to acceptable values.

[0076]  The polarity modulation sequence is selected to the maximum
possible length for given number of the receive electrodes and number of
sensing channels. If the array has N receiving electrodes and K parallel
receivers, and the number of receiving electrodes is an integer multiple of the
number of channels count, and if we the total RX columns scanning time to is

fixed to Tc, each receiver gets time slot TR:

=~

I

IS
= |

)

The receiver SNR As is proportional to the square root of integration time Tc:

ﬂ

A =

S

7’: (10)

where Tois a scaling factor. When phase modulation sequence is applied,
SNR improvement is approximately equal to the square root of the sequence

length, L:

Ay =L (11)

18
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[0077] The sequence maximum length is selected to be equal to the relation

of the sensing electrodes to number of receivers:

_N
L= (12)

[0078]  After RX signal deconvolution is applied, the sensor SNR ADC

would be equal to:

Ape = Ag- A (13)

[0079] By combining (13), (11), (10) and (9)

T
A = |ZC€ 14
ve AT (14)
[0080] Equation 14 demonstrates that SNR does not depend from the
number of parallel sensing channels if the receive column scanning time is
fixed. Table 2 illustrates tabulated data for several array examples.
#RX # ColunEnS Time per SNR Sequence SNR SNR (RX
. Scanning Improvement .
Electrodes | Receivers . slot (standard}) Length R * deconvolution)
Time Times
16 16 1Tc 1Te 1,00 A 1 1,00 1,00 A
16 4 1Tc 0,25 T¢ 0,50A 4 2,00 1,00 A
16 2 1Tc 0,125 T¢ 0,35A 8 2,45 0,87 A
32 32 1Tc 1Tc 1,00 A 1 1,00 1,00 A
32 8 1Tc 0,25 T¢ 0,50 A 4 2,00 1,00 A
32 4 1Tc 0,125 Tc 0,35A 8 2,45 0,87 A
32 2 1Tc 0,0625Tc | 0,25A 16 3,45 0,86 A
64 64 1Tc 1Te 1,00 A 1 1,00 1,00 A
64 16 1Tc 0,25 T¢ 0,50A 4 2,00 1,00 A
64 8 1Tc 0,125 Tc 0,35A 8 2,45 0,87 A
64 4 1Tc 0,0625Tc | 0,25A 16 3,45 0,86 A

Table 2 - Panel and System Configuration Examples
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[0081]  The proposed technique works well together with multiphase TX
technique. Moreover, order in which RX multiphase and TX multiphase
scanning is applied is not important and may be selected based on
implementation flexibility or optimization demands.

[0082] Given a sensor array with N RX and M TX lines, the sensor array
imaged with a matrix of gain Gs where each element of matrix image is gain
between TX and RX lines. Suppose TX sensors excitation done using M-th
elements sequence. The TX signals phase patterns changes on each scanning
step and forms an excitation matrix Ex. These matrixes columns contain
images of phase pattern of excitation signals applied to the TX lines in the
individual scanning steps. The images of signals on RX lines coming while

scanning cycles forms a matrix:

X =GsxEx (15)

[0083] The columns of vector X correspond to images of signals which are
received by the receiver inputs in each of the scanning cycles. Suppose the
measuring channel contain the one receiver with N inputs and polarity
switching circuit for each input. The receiver input signals polarity is
alternated for the each step of the multiphase RX scanning. The rules of
polarity changing of inputs signals are described by matrix Sr. Rows of this
matrix contain images of input signals for each RX scanning step. The
dimensions of this matrix are NxN. Measuring results after complete

scanning cycle are:

Y =SrxX =SrxGsxEx (16)

[0084] If it is assumed that matrixes Ex and Sr are singular, it is possible to
find the inverse matrixes. In this case, the sensor gain matrix results as:

Gx=Sr'xYxEx" (17)
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[0085] It should be noted that the order of scanning is not essential in TX
and RX multi-phase scanning. The same results are obtained when applying
complete TX scanning cycle for each RX scanning step or applying multiple
RX scanning cycles for same TX signals combination.

[0086] Portions a-f of Figures 8, or Figures 8a-8f, provide a visual
summary of the different scanning techniques.

[0087]  Figure 8a illustrates conventional scanning. Over a period of
conventional scanning, each TX line is excited separately and the sensor panel
responses with integral value measures over a period of time Ti. Itis
necessary to scan all TX lines over a period of time M-TR. The conversion
results is image sensors gains on RXn lines.

[0088]  Figure 8b illustrates when the TX lines are excited simultaneously
with phase alternating in accordance with the chosen sequence. The sensor
panel then convolves individual sensor responses. This response is measured
over a period of time Tr as in conventional scanning. The M measuring
results Xn stored after M multiphase scanning steps. Deconvolution
procedure processed the whole of measured responses for each sensor’s gain
reconstruction. Obtained in this way result looks as each sensor’s gross-gain
measured over a period of time equal conventional scanning time Tp.

[0089]  Consider a procedure of scanning sensors panel containing M TX
lines and N RX lines. In Figure 8d, the system includes one measuring
channel with multiphase TX line scanning, and each RX line is sensed
separately. The complete sensor panel scanning requires N RX scanning
cycles. In practice, an application requires limited value of panels scanning
time. Thus, increasing the panel size leads to the measuring time decreasing
and to SNR degradation. This problem may solved using a several measuring
channels in parallel. However, this does not solve the problem of noise

immunity with large sensor panels.
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[0090]  Figure 8e illustrates RX input signal convolution. The RX signals
are convolved using the different phase sequence for the each RX scanning
step. One of the RX scanning steps is performed over the TX line scanning
time. Therefore, the response contains responses of the entire panel cross-
gain. This operation repeats N times while the all RX lines may be scanned
with the original vector at each RX scanning step. The results of measuring of
RX convolutions responses form the matrix Y. The RX deconvolution
procedure correlates the Y matrix columns with the RX solving matrices rows
and stores results as the X matrix.

[0091] Next, the TX deconvolution procedure correlates the X matrixes
rows with the TX solving matrixes columns and stores the reconstructed
images of the panels cross-gains. Whereas the restored sensor gain
calculations include responses from the all sensor crosstalk and operates with
the all data obtained on the MxN scanning steps, the equivalent measuring
time is roughly comparable with panels scanning time.

[0092]  Figure 8f illustrates how the multiphase RX and multiphase TX
techniques work together.

[0093] Simulated data for combined multiphase RX and TX methods
operation will now be discussed. In an array with 16 RX lines and 11 TX lines,
untouched sensors have a gain equal to 10 and the two touches placed on the
panel. The sensing system applies 11 elements multiphase excitation on TX
lines using reference vector cyclic rotation for form sequence in each scanning
step.

[0094]  Suppose there are four conversion channels with the four RX lines
summing circuit and programmable polarity inversion circuit. Sixteen RX
electrodes divided between on four slots and slot’s Rx lines are connected to
the conversion channels inputs. The RX signals phase alternating is
performed using reference vector ScV=[1 11 -1] and vector rotates cyclically at

each RX scanning step. The order of the scanning is four step of RX scanning
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(Rx scanning cycle) performed on each TX scanning step. The SNR
improvement for given RX phase sequence is 2, so total SNR improvement for
combination of the multiphase RX and TX techniques and equal
approximately 6 in our case.

[0095] It is easy to see the significant increasing of no informative level of
measured signal. This level is proportional to the product of sum of

sequences elements used for RX and TX scanning. In our case this product is

equal to 6.
- Multi-RX w/o | Multi-RX with Multi-RX with
Item Tﬁzmgzal polarity polarity Multi TX polarity change +
switching switching multi-TX
IL)J(rtirrl‘l\tler(S) lrx lrx lrx =M*lrx =M*Ix
22 gy, TX
. 22 lax, RX 22 lax, RX phase 24 Iax, RX/TX
Receiver | phase h dulati h
current RX sequence phase sequence modulation phase sequence
d dependent function dependent
ependent d
ependent

SNR A =1.15A AJN/K AM | sANM -N /K~

MAC none N#*M / K NZ*M*/K N*M? NZ*M/K + N*M?
operations

Panel

scanning Te*M*N/K Te*M*N/K Te*M*N/K Te*M*N/K TrR*M*N/K
time

Table 3 — Conventional vs. Multi-RX / Multi-TX and Combined Multi TX/RX
Techniques.

[0096] Table 3 lists the results of various scanning techniques, in which N

is the number of RX electrodes, M is number of TX electrodes, K is number of
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receivers, the RX sequence length is selected to maximum for given number of
receivers, and TR is the scanning time for one scan slot.

[0097]  The Figure 9 and Figure 10 demonstrates how convolution on the
input of measuring channel operates. The RX convolution operates with the
multi-TX method by summation of signals collection which phases are
accordance with a preset rules. However, if in TX multiphase, summation is
provided by the sensors panel, the RX multiphase performs signals summing
at input of measuring channel. The phase change may be done with input
signal polarity alternating.

[0098] It should be noted that the input signal from a sensor’s panel is
current and a summation of currents may be readily performed. It is
necessary to join currents inputs on one node with low input impedance. So
we can use receivers with two nodes for non-inverted Ip and inverted Im
signals connecting to a differential current summator. Convolution sequence
controlled with Rx Multiphase control circuit using Rx inputs connection to
the Ip and Im nodes (buses). In this way convolved signals go to the
measuring channel for processing.

[0099] Figure 9, on the left side, schematically illustrates a touch panel 901
and a array of receivers 902 connected to each sense electrode. This reflects a
standard scanning technique where each electrode is handled by one receiver.
On the right side of Figure 9, there is one TX electrode 903 and signals coming
to the receiver from multiple RX lines 904 with different gains g1 ...gN. The
signal from each line is multiplied by factor +1 or -1 and summed together.
This reflects the multi-RX implementation.

[00100] Figure 10 shows one possible implementation of the multi-RX
technique. This implementation is based on using a differential current input
receiver 1001 and two analog buses 1002 for handling different polarity input

signals. The receiver out signal is equal to the difference of the input currents
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(Ip and Im). The receiver output signal is demodulated and sampled by ADC
1003.

[00101] Suppose a sensing system measures a panel’s mutual capacitance
using an excitation source with rectangular voltage waveform and pulse
duration ensures complete mutual capacitance recharging. Then charge
transferred from the excitation source to the measuring channel can estimate

as:
Qcm =Uex-Cm (18)

where Uex is the excitation sources voltage and Cm is the sensors mutual
capacitance.

[00102] The following paragraphs discuss different options for the
differential current input stage, implemented conventional operation
amplifiers, current conveyers, etc.

[00103] Referring now to Figure 11, in general a current conveyor (CCII)
1101 contains a operational amplifier (OPAmp) 1102 with class A-B output
stage and current mirrors with a sensing circuit connected serially with top
and bottom branches of operational amplifiers output stage. The operational
amplifier is configured as voltage repeater and keeps voltage on the terminal
X equal to the voltage on terminal Y. If some source excites a current flow in
the terminal X this current is mirrored on terminal Zp directly and on
terminal Zm inversely.

[00104] The low input impedance of terminal X allows building the current
summation circuit. Referring to Figure 12,two CCII 1201 and 1202 may be
used as differential current summator front-end for a fast ADC 1203. As
shown in Figure 13, a differential current summator based on two CCII 1301
and 1302 may be used if measuring circuit is built using analog demodulator

1303 and analog integrator 1304 . It may be necessary to take in account that
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multi-RX technique presupposes a RX lines multiplexer presence and each RX
lines is possible to connect to the Ip and Im nodes.

[00105] Referring to Figure 14, so we afford to combine the multiplexing
function with synchronous detection (demodulation) function. It is allows to
remove any switching in integration capacitors chain. In the example shown
in Figure 14, input stage signal demodulation is combined with the multi-
phase sequence switching. It is accomplished by combining demodulation
signals with phase control signals using the XOR gates 1401 for the
multiplexing signals generation. The differential current input receiver is
formed by using two current conveyors 1402 and 1403, the positive and
negative outputs of the current conveyors are joined together. The resulted
current is integrated by Civr and resulted voltage signal is sampled by ADC
1404. The capacitor reset switches and baseline compensation switches are not
shown.

[00106] The CCII based measuring channel has several advantages. First, it
is possible to control the currents gain value. It is also possible to implement
the LPF in the current mirrors circuit. The input terminal X is bidirectional
and may be used as source for self capacitance measuring or for testing the
RX chain integrity. Input noises, especially input spikes, can’t directly
penetrate in the next stages of measuring channel. The noises chain is locked
via common and power source reel only. There are no feed-back loops in the
signal transferring chain.

[00107] The CCII based measuring channel also has several disadvantages.
First, it may be necessary to use additional components for currents mirrors.
Current consumption also increases. The current mirrors must be trimmed
well. Also, when the CCIl is as an integrator, the leakage currents may lead to
saturation issues.

[00108] It is possible to transform the circuit in Figure 12 using operational

amplifiers in trans-impedance mode. An example of such is shown in Figure
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15, including operation amplifiers 1501 and 1502. A peculiarity of pseudo-
differential structures is that they do not remove the common mode part of
input signals at the input stage, and common mode signals are removed at
subsequent stages (e.g. an ADC 1503). The pseudo-differential circuits form a
pair of signals with a common mode part and gain for that signals component
is same, resulting in the dynamic range reduction.

[00109] A peculiarity of capacitive sensors panels is small capacitance
changes dependent of touch (less than 20% of the base mutual capacitance
value). If we use parameters from the example described above than in the
measuring channel is transferred near 1 pC of informative charge when the
common mode charge is 105pC and difference between charges transferred in
node Ip and node Im is 35 pC during conversion cycle.

[00110] In this case, low sensitivity low sensitivity may be obtained when
the amplifiers output voltage is limited by the ADC power sources voltage
and the difference is a small part of ADC input voltage bend. Thereby a true
differential trans-conductance amplifier may solve problem of large common
mode signal without any additional compensation circuit.

[00111] An example of a differential amplifier with an additional common
mode suppression network 1601 is illustrated in Figure 16, and a differential
current summator 1701 based on this amplifier is shown in Figure 17.

[00112] Trans-impedance based measuring channels have several
advantages: it is possible to control the currents gain value; it is possible to
implement the first order LPF (the filters order can increasing by inserting an
additional filtering stage serially); there are no multiple current mirrors; it is
possible to use the input nodes as bidirectional if ADC allows bias voltage
change; and if the amplifiers frequency response is limited a high frequency,
noises and spikes can penetrate in the ADC directly.

[00113] Another manner of transferred charge processing in analogue form

is through charge accumulation using an active integrator. It is possible to
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build this integrator using differential 1801 or pseudo-differential 1901
amplifiers, examples of which are shown in Figures 18 and 19, respectively.
[00114] The switching capacitor circuits may be used to build the
differential integrator with switches as synchronous detector and charge
accumulator at same time. In our case the differential integrator is used as
current subtractor and additional switches are used for demodulating the
inverse input node.

[00115] In the example shown in Figure 20, the differential current receiver
implementation is based on using a differential integrator. Demodulation
switches are provided at the demodulator inputs. The result of integration is
sampled by an ADC 2001. The bias, reset, and other supplementary circuits
are not shown.

[00116] Transferred charge is accumulated in the integrators capacitors. At
the end of charge accumulation procedure voltage on the output of integrator
is measured by ADC. Figure 21 shows the control signal waveforms in this
circuit. The line TX shows excitation signals waveform. This signal is
transmitted in sensing circuit and on output of that circuit we gives a reaction
of sensing circuit as current pulses. Since we have connected the several Rx
sensors lines at Ip and Im nodes and quantity of that lines is different for this
nodes that we give a different amplitude of current pulses in these nodes (see
lines Ip and Im). The difference of Im and Ip currents charge integrators
capacitors. The integrators output voltage converted in digital form with
ADC at the end of integration procedure (after several TX cycles).

[00117] The difference between the integrators output voltage is dependent
on the integrators implementation. If the integrator is based on the complete
differential amplifier with front-end common mode suppression stage the
common mode part of input signal is eliminated and its balanced output
voltage grows proportionally to the input signals difference symmetrically

around bias (the first Uadc line).
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[00118] The pseudo-differential integrators output voltage contains the
common mode signal at its balanced outputs. In results, the dynamic range of
the pseudo differential integrator circuit is lower than the true differential
integrator and the common mode signal could be in order larger than the
informative signals. The common mode signal could be attenuated by using
the

[00119] Figure 22 illustrates an embodiment in which the input multiplexer
is used as a demodulator, as it is shown in Figure 15.

[00120] A measuring channel based on direct charge accumulation has
several advantages: it is possible to control the currents gain value by
integrators capacitors value manipulation; it is possible to disconnect
measuring channel from signals source while ADC converting accumulated
charge (this minimizes noises penetrating from sensors into the ADC while
conversion; the complete differential integrator suppresses the common mode
signal well (this characteristic may help suppress external common mode
noises in analog form before conversion). A measuring channel based on
direct charge accumulation also has several advantages: the bidirectional
function of integrator inputs is possible in the pseudo-differential integrator
(may be bias voltage variation in complete differential integrator allows use
inputs in bidirectional mode); capacitive feedback may require reset and
limits integration time because leakage currents grow saturation possibilities;
the pseudo-differential integrator may require additional elements for
compensating the common mode signal; and the pseudo-differential
integrator may require well trimmed integration capacitors.

[00121] The circuit 2201 in Figure 22 may be easily transformed into a
circuit with charge balancing 2301, such as that shown in Figure 23.

[00122] In general, the charge balancing circuits contain a lower resolution
ADC, alower resolution compensation DAC, and a digital filter, which

generates the higher resolution output samples stream based on the lower
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resolution ADC conversion results. The comparator is example of the
simplest 1 bit ADC. The fixed value ON/OFF current source is. However, the
method (or algorithm) used to control the compensation chain may vary, as
there are several methods that may be used. There are two general methods
of charge compensation. A first example uses the discrete portion of charge,
and a second example uses current flow while occur balance (for example,
discharge charge accumulator while comparator fixes zero in charge
accumulator). Both methods can convert transferred charge to digital code.
[00123] The compensation using discrete charge outputs a series of pulses
which has a count proportional to charge transferred from sensors during
integration time. However, if a current flow is used for compensation, the
time while compensation current is applied is proportional to the transferred
charge. The digital image of transferred charge can get by counting the
number of periods of a reference frequency while compensation current
flows.

[00124] Generally the charge balancing circuit allows decrease integrator
feedback capacitor value. However, in this case the majority of charge
transfer occurs at the beginning of the TX pulses and voltage in the
integrators capacitor jumps very quickly. In order to increase resolution, a
slow discharge procedure may be used. So the integrators voltage jump
always will be presence and saturation of circuit will occur if integrators
capacitor value will be too small.

[00125] Performance of this technique is similar to charge accumulation.
However, overload possibilities with this method may be greater than when
charge accumulation with multiple TX cycles is used.

[00126] Referring now to Figure 24, a simple circuit is shown which allows
providing supporting the multi-RX technique if dedicated differential circuits

are not available. In general, the input current polarity inversion is performed
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by using a current summing amplifier 2401 and transforming the resulted
amplifier output voltage in current using resistor 2402.

[00127] The Figure 25 shows touch sensing device 2500, which contains
combined multi-RX and multi-TX systems. The multi-phase TX signal 2501
generator contains array of the XOR gates for the TX signals phase setting,
shift register for the multi-TX phase sequence rotation for the different
scanning steps, sequencer, built around 3 counters. The first counter (CNT1)
2502 defines length of the each elementary subconversion. The second
counter (CNT2) 2503 counts the number of the RX multi-phase scanning
cycles. The third counter (CNT3) 2504 counts the number of the TX multi-
phase cycles. The sensing channel 2505 is built around the differential current
input receiver with input mutliplexer combined with demodulator
(combining circuits from Figure 10 and Figure 14). The demodulated signal is
integrated and sampled by the ADC 2506. The results of the ADC
conversions are stored in the RX slots buffer 2507. The RX deconvolution
results are stored in the TX slots buffer 2508. RX and TX deconvolution
operations may be provided “on-the-fly,” or once the RX slot or TX slot
buffers are full, depending on the implementation details.

[00128] Figure 26 is a block diagram illustrating one embodiment of an
electronic system 200 having a processing device for detecting a presence of a
conductive object (e.g., a finger) on a capacitive sense array according to
embodiments of the present invention. The electronic system 200 includes a
processing device 210, a capacitive sense array 220, touch-sense buttons 240, a
host processor 250, an embedded controller 260, and non-capacitance sense
elements 270. The capacitive sense array 220 may include any of the arrays 10
shown in Figures 1, 2, and 4 described above.

[00129] The processing device 210 may include analog and/or digital
general purpose input/output (“GPIO”) ports 207. The GPIO ports 207 may

be programmable and may be coupled to a Programmable Interconnect and
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Logic (“PIL”), which acts as an interconnect between GPIO ports 207 and a
digital block array of the processing device 210 (not shown). The digital block
array may be configured to implement a variety of digital logic circuits (e.g.,
DAC s, digital filters, or digital control systems) using, in one embodiment,
configurable user modules (“UMs”). The digital block array may be coupled
to a system bus. The processing device 210 may also include memory, such as
random access memory (“RAM”) 205 and program flash 204. RAM 205 may
be static RAM (“SRAM”), and program flash 204 may be a non-volatile
storage, which may be used to store firmware (e.g., control algorithms
executable by processing core 202 to implement operations described herein).
The processing device 210 may also include a microcontroller unit (“MCU”)
203 coupled to memory and the processing core 202.

[00130] The processing device 210 may also include an analog block array
(not shown). The analog block array is also coupled to the system bus. The
analog block array also may be configured to implement a variety of analog
circuits (e.g., ADCs or analog filters) using, in one embodiment, configurable
UMs. The analog block array may also be coupled to the GPIO ports 207.
[00131] Asillustrated, a capacitance sensor 201 may be integrated into the
processing device 210. The capacitance sensor 201 may include analog I/O
pins for coupling to an external component, such as the capacitive sense array
220, the touch-sense buttons 240, and/or other devices. As described above, in
accordance with one aspect of the embodiments described herein, the number
of I/O pins on the capacitance sensor 201 may be minimized due to the
capacitive sense array described above. The capacitance sensor 201 and the
processing device 210 are described in more detail below.

[00132] The embodiments described herein may be used in any capacitive
sense array application. For example, the capacitive sense array 220 may be a
touch screen, a touch-sense slider, or touch-sense buttons 240 (e.g.,

capacitance sense buttons). In one embodiment, these sense devices may
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include one or more capacitive sense elements. The operations described
herein may include, but are not limited to, notebook pointer operations,
lighting control (dimmer), volume control, graphic equalizer control, speed
control, or other control operations requiring gradual or discrete adjustments.
It should also be noted that these embodiments of capacitive sense
implementations may be used in conjunction with non-capacitive sense
elements 270, including but not limited to pick buttons, sliders (ex. display
brightness and contrast), scroll-wheels, multi-media control (ex. volume, track
advance, etc) handwriting recognition and numeric keypad operation.

[00133] In one embodiment, the capacitive sense array 220 is coupled to the
processing device 210 via bus 221, which may include the receiver channels 14
shown in Figures 1, 2, and 4. The capacitive sense array 220 may include a
one-dimensional sense array in one embodiment and a two-dimensional sense
array in another embodiment. Alternatively, the capacitive sense array 220
may have more dimensions. Also, in one embodiment, the capacitive sense
array 220 may be sliders, touchpads, touch screens or other sensing devices.
[00134] In another embodiment, the electronic system 200 includes touch-
sense buttons 240 coupled to the processing device 210 via bus 241. The
touch-sense buttons 240 may include a single-dimension or multi-dimension
sense array. The single- or multi-dimension sense array may include multiple
sense elements. For a touch-sense button, the sense elements may be coupled
together to detect a presence of a conductive object over the entire surface of
the sense device. Alternatively, the touch-sense buttons 240 may have a
single sense element to detect the presence of the conductive object. In one
embodiment, touch-sense buttons 240 may include a capacitive sense element.
Capacitive sense elements may be used as non-contact sense elements. These
sense elements, when protected by an insulating layer, offer resistance to

severe environments.
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[00135] The electronic system 200 may include any combination of one or
more of the capacitive sense array 220 and/or touch-sense buttons 240. In
another embodiment, the electronic system 200 may also include non-
capacitance sense elements 270 coupled to the processing device 210 via bus
271. The non-capacitance sense elements 270 may include buttons, light
emitting diodes (“LEDs”), and other user interface devices, such as a mouse, a
keyboard, or other functional keys that do not require capacitance sensing. In
one embodiment, busses 271, 241, 231, and 221 may be a single bus.
Alternatively, these buses may be configured into any combination of one or
more separate buses.

[00136] The processing device 210 may include internal oscillator/clocks 206
and a communication block (“COM”) 208. The oscillator/clocks block 206
provides clock signals to one or more of the components of processing device
210. The communication block 208 may be used to communicate with an
external component, such as a host processor 250, via host interface (“I/F”)
line 251. Alternatively, the processing device 210 may also be coupled to the
embedded controller 260 to communicate with the external components, such
as host processor 250. In one embodiment, the processing device 210 is
configured to communicate with the embedded controller 260 or the host
processor 250 to send and/or receive data.

[00137] The processing device 210 may reside on a common carrier
substrate such as, for example, an integrated circuit ("IC”) die substrate, a
multi-chip module substrate, or the like. Alternatively, the components of
processing device 210 may be one or more separate integrated circuits and/or
discrete components. In one exemplary embodiment, processing device 210
may be the Programmable System on a Chip (“PSoC®”) processing device,
developed by Cypress Semiconductor Corporation, San Jose, California.
Alternatively, processing device 210 may be one or more other processing

devices known by those of ordinary skill in the art, such as a microprocessor
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or central processing unit, a controller, special-purpose processor, digital
signal processor (“DSP”), an application specific integrated circuit (“ASIC”), a
field programmable gate array (“FPGA”), or the like.

[00138] It should also be noted that the embodiments described herein are
not limited to having a configuration of a processing device coupled to a host,
but may include a system that measures the capacitance on the sense device
and sends the raw data to a host computer where it is analyzed by an
application. In effect the processing that is done by processing device 210
may also be done in the host.

[00139] It is noted that the processing device 210 of Figure 21 may measure
capacitance using various techniques, such as self-capacitance sensing and
mutual capacitance sensing. The self-capacitance sensing mode is also called
single-electrode sensing mode, as each sensor element needs only one
connection wire to the sensing circuit. For the self-capacitance sensing mode,
touching the sensor element increases the sensor capacitance as added by the
finger touch capacitance is added to the sensor capacitance. The mutual
capacitance change is detected in the mutual capacitance-sensing mode. Each
sensor element uses at least two electrodes: one is a transmitter (TX) electrode
(also referred to herein as transmitter electrode) and the other is a receiver
(RX) electrode. When a finger touches a sensor element or is in close
proximity to the sensor element, the capacitive coupling between the receiver
and the transmitter of the sensor element is decreased as the finger shunts
part of the electric field to ground (e.g., chassis or earth).

[00140] The capacitance sensor 201 may be integrated into the IC of the
processing device 210, or alternatively, in a separate IC. The capacitance
sensor 201 may include relaxation oscillator (RO) circuitry, a sigma delta
modulator (also referred to as CSD) circuitry, charge transfer circuitry, charge
accumulation circuitry, or the like, for measuring capacitance as would be

appreciated by one of ordinary skill in the art having the benefit of this
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disclosure. Alternatively, descriptions of the capacitance sensor 201 may be
generated and compiled for incorporation into other integrated circuits. For
example, behavioral level code describing capacitance sensor 201, or portions
thereof, may be generated using a hardware descriptive language, such as
VHDL or Verilog, and stored to a machine-accessible medium (e.g., CD-ROM,,
hard disk, floppy disk, etc.). Furthermore, the behavioral level code can be
compiled into register transfer level (“RTL"”) code, a netlist, or even a circuit
layout and stored to a machine-accessible medium. The behavioral level
code, the RTL code, the netlist, and the circuit layout all represent various
levels of abstraction to describe capacitance sensor 201.

[00141] It should be noted that the components of the electronic system 200
may include all the components described above. Alternatively, the electronic
system 200 may include only some of the components described above.
[00142] In one embodiment, the electronic system 200 is used in a notebook
computer. Alternatively, the electronic device may be used in other
applications, such as a mobile handset, a personal data assistant (“PDA”), a
keyboard, a television, a remote control, a monitor, a handheld multi-media
device, a handheld video player, a handheld gaming device, or a control
panel.

[00143] Although the foregoing examples have been described in some
detail for purposes of clarity of understanding, the invention is not limited to
the details provided. There are many alternative ways of implementing the

invention. The disclosed examples are illustrative and not restrictive.
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CLAIMS

What is claimed is:

1. A method for operating a capacitive sensor array comprising:
receiving a signal from each of a first number of electrodes with a
second number of receiver circuits on a controller associated with the
capacitive sensor array, wherein the first number is greater than the second
number; and
determining if an object is proximate the capacitive sensor array based

on the signals received from the first number of electrodes.

2. The method of claim 1, wherein the determining if the object is
proximate the capacitive sensor array comprises deconvoluting the signals

received from the first number of electrodes.

3. The method of claim 2, wherein the capacitive sensor array comprises a

plurality of transmitter electrodes and a plurality of receiver electrodes.

4. The method of claim 3, wherein the first number of electrodes

comprises all of the plurality of receiver electrodes.

5. The method of claim 2, wherein the determining if the object is

proximate the capacitive sensor array comprises adjusting the polarity of at

least some of the signals received from the first number of electrodes.

37



WO 2012/143752 PCT/IB2011/003284

6. The method of claim 5, wherein the determining if the object is
proximate the capacitive sensor array further comprises scanning the signals

received from the first number of electrodes in a plurality of scanning cycles.

7. The method of claim 6, wherein the first number of electrodes
comprises a plurality of groups of electrodes, and wherein during each of the
scanning cycles, the polarity of the signals received from one of the groups of

electrodes is adjusted.

8. The method of claim 7, wherein the polarity of the signal received from
each of the first number of electrodes is adjusted during one of the scanning

cycles.

9. The method of claim 3, wherein the determining if the object is
proximate the capacitive sensor array comprises determining if the object is in

contact with the capacitive sensor array.

10. The method of claim 9, wherein the first number of electrodes
comprises only a portion of the plurality of receiver electrodes , and wherein
the plurality of receiver electrodes comprises a plurality of groups of receiver
electrodes, the determining if the object is within the predetermined
proximity of the capacitive sensor array further comprises scanning the
signals received from the first number of electrodes in a plurality of scanning
cycles, and wherein during each of the scanning cycles one of the groups of

receiver electrodes is deactivated.

11. A capacitive sensor device comprising:
a capacitive sensor array comprising a plurality of capacitive sensors;

and
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a controller coupled to the capacitive sensor array and comprising a
first number of receiver channels, the controller being configured to:

activate a second number of the plurality of electrodes on the
capacitive sensor array, wherein the second number is
greater than the first number;

receive a signal from each of the second number of electrodes
with the first number of receiver channel; and

determine if an object is proximate the capacitive sensor array
based on the signals received from the second number of

the plurality of electrodes.

12. The capacitive sensor device of claim 11, wherein the determining if an
object is proximate the capacitive sensor array comprises deconvoluting the

signals received from the second number of the plurality of electrodes.

13.  The capacitive sensor device of claim 12, wherein the plurality of
capacitive sensors comprises a plurality of transmitter electrodes and a
plurality of receiver electrodes, and wherein the second number of the

plurality of electrodes comprises all of the plurality of receiver electrodes.

14.  The capacitive sensor device of claim 13, wherein the determining if
the object is proximate the capacitive sensor array comprises adjusting the
polarity of at least some of the signals received from the second number of the

plurality of electrodes.

15.  The capacitive sensor device of claim 14, wherein the determining if
the object is proximate the capacitive sensor array further comprises scanning
the signals received from the second number of the plurality of electrodes in a

plurality of scanning cycles.
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16. A method for operating a capacitive sensor array comprising:

activating a first number of electrodes on the capacitive sensor array,
wherein the capacitive sensor array comprises a plurality of transmitter
electrodes and a plurality of receiver electrodes, and the first number of
electrodes comprises all of the receiver electrodes;

receiving a signal from each of the first number of electrodes with a
second number of receiver channels on a controller associated with the
capacitive sensor array, wherein the first number is greater than the second
number; and

determining if an object is proximate the capacitive sensor array based
on the signals received from the first number of electrodes, wherein the
determining if the object is within a predetermined proximity of the
capacitive sensor array comprises adjusting the polarity of at least some of the

signals received from the first number of electrodes.

17.  The method of claim 16, wherein the determining if an object is
proximate the capacitive sensor array further comprises deconvoluting the

signals received from the first number of electrodes.

18.  The method of claim 17, wherein the determining if the object is
proximate the capacitive sensor array further comprises scanning the signals

received from the first number of electrodes in a plurality of scanning cycles.

19.  The method of claim 18, wherein the plurality of receiver electrodes
comprises a plurality of groups of receiver electrodes, and wherein during
each of the scanning cycles, the polarity of the signals received from one of the

groups of receiver electrodes is adjusted.
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20.  The method of claim 19, wherein the polarity of the signal received
from each of the plurality of receiver electrodes is adjusted during one of the

scanning cycles.
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