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SENSOR AND METHOD OF SENSING

Related Applications

[0001] This application claims the benefit under 35 U.S.C. 119(e) of

U.S. Provisional Patent Application Serial No. 61/107,419, filed on October 22,

2008, which is incorporated herein by reference in its entirety.

Background

[0002] There are various forms of touch sensitive controls which use a

capacitive sensor to sense the presence of a body such as a user's finger at a

plurality of positions on the sensor. A touch sensitive capacitive sensor for

example is disclosed in WO-97/23738. The capacitive sensing device disclosed

in WO-97/23738 relies on measuring the capacitance of a sensing electrode to a

system reference potential (earth). A single coupling plate is provided and

disposed to form a touch sensitive switch. The coupling plate is referred to as a

key. In accordance with this example, the key is charged using a drive circuit for

a drive part of a measurement cycle and then this charge is measured by

transferring the induced charge from the key to a charge measurement capacitor

of a charge detection circuit during a measurement part of the cycle. Typically, a

burst of measurement cycles are performed, before measuring the charge present

on the charge measurement capacitor. The sensor can detect the presence of an

object near the key as a result of a change in an amount of the charge induced

onto the key. Effectively, this provides a measure of a change in capacitance of

the key as a result of the presence of the body or object. When a pointing object

for example a user's finger approaches the sensing electrode (Y plate), the

pointing object appears to be a virtual ground. This serves to change the

measured capacitance of the sensing electrode to ground. Thus, the change in

measured capacitance is taken to indicate the presence of a pointing object.

Thus, by providing a plurality of sensing electrodes, or keys, a plurality of

positions on the touch sensor may be detected.

[0003] Another form of touch sensitive control is disclosed in US Patent

No. 6,452,5 14. In this example a pair of electrodes is provided which act as a

key so that the presence of a body, such as a user's finger, is detected as a result



of a change in an amount of charge which is transferred between the two

electrodes. With this arrangement, one of the electrodes (labeled X) is driven

with a drive circuit and the other of the pair of electrodes (labeled Y) is

connected to a charge sensing circuit which detects an amount of charge present

on the Y plate when driven by the X plate. As disclosed in WO-OO/4400 18

several pairs of electrodes can be arranged to form a matrix of sensing areas

which can provide an efficient implementation of a touch sensitive two-

dimensional position sensor.

[0004] In some examples, a plurality of keys can be disposed to form a

two dimensional touch sensor. Two dimensional touch sensors are typically

used with devices which include touch sensitive screens or touch sensitive

keyboards/keypads which are used in, for example, consumer electronic devices

and domestic appliances. The two dimensional touch sensors can also be used in

conjunction with an underlying display such as a Liquid Crystal Display (LCD)

or a Cathode Ray Tube (CRT), to form a touch sensitive display screen. Such

touch sensitive display screens have become increasingly popular and common

not only in conjunction with personal computers but also in all manner of other

appliances such as Personal Digital Assistants (PDAs), Point Of Sale (POS)

terminals, electronic information and ticketing kiosks, kitchen appliances and the

like. It is generally desirable to provide improvements in a process for detecting

a body with a touch sensor employing a plurality of keys.

Summary

[0005] According to some embodiments a touch sensor for sensing the

presence of a body at one of a plurality of positions on a surface of the touch

sensor, each position having a channel corresponding to an intersection of a

drive and a sense electrode, the presence of the body being determined as a result

of a change in capacitance of the channel. The touch sensor comprises a drive

circuit coupled to each of the channels, and for each of the channels, a charge

sensing circuit, each of the charge sensing circuits including a charge

measurement capacitor. A controller is arranged in operation to control the drive

circuit to induce charge onto each of the channels during a drive part of a

measurement cycle, and to control each of the charge sensing circuits to couple



the charge measurement capacitor respectively to the corresponding channel

during a charge measurement part of the measurement cycle to the effect that the

charge induced on the channel during the drive part of the measurement cycle is

transferred to each of the respective charge measurement capacitors. The

controller is arranged to control each of the charge sensing circuits to determine

an amount of charge present on each of the charge measurement capacitors of

the charge sensing circuits in sequence, by discharging the charge measurement

capacitors. The controller is arranged to discharge the charge measurement

capacitor of each of the charge sensing circuits contemporaneously by a

predetermined amount, before an amount of charge remaining on each of the

charge measurement capacitors is determined in sequence to identify whether

there has been a change in the capacitance of the channel as a result of the

presence of the body.

[0006] According to some embodiments a touch sensor which includes a

plurality of channels which may be driven, for example, by a common drive

circuit and the charge induced on the channels is transferred to one of a

corresponding plurality of charge measurement capacitors. In operation, each of

the charge measurement capacitors is discharged in sequence, to measure the

amount of charge induced on the channels, so that the presence of a body can be

detected proximate one of the channels as a result of a change in capacitance of

the channel. Each of the charge measurement capacitors is discharged in

sequence, one after the other, so that, for example, a comparator to ground or a

single, analog to digital converter and a single interface to the controller can be

used to measure the capacitance of each of the channels to reduce costs.

[0007] According to some embodiments, before the charge present on

each of the charge measurement capacitors is determined, each of the charge

measurement capacitors is discharged through for example a fixed resistance

Surface Mount Power (SMP) resistor by a predetermined amount, which is less

than an expected total charge present, in parallel. In various embodiments, the

charge measurement capacitors are contemporaneously discharged by a

predetermined amount, although the amount of charge remaining still provides

enough charge to detect the presence of the body. As a result, a time taken to

generate charge measurements for each of the charge measurement capacitors is



proportionally reduced from that which would be required if each of the charge

measurement capacitors were discharged for the total amount of charge

accumulated from the channels.

[0008] In some examples, the predetermined amount by which each of

the charge measurement capacitors is contemporaneously discharged, before the

amount of charge remaining is determined, is set in accordance with an expected

amount of charge present on each of the charge measurement capacitors as a

result of the presence of a body proximate to a corresponding one of the

channels of the touch sensor. The predetermined amount may be pre-set in the

controller or generated from measurements of a range of possible charge values

on the charge measurement capacitors for the presence or absence of a body,

which are taken during an initialization phase. The range of possible charge

values is used to determine an amount of charge which should remain, and

therefore correspondingly the amount by which each charge measurement

capacitor can be discharged.

[0009] Although in some examples, the plurality of channels are driven

by a single drive circuit and the plurality of charge sensing circuits are arranged

to determine the charge induced on the channels, in other examples a plurality of

drive circuits are provided, each of which is coupled to a plurality of the

channels via common driving lines and each of the charge sensing circuits is

coupled to a different plurality of channels via common receiving lines. As such,

the channels can be disposed on a two dimensional surface to form a two

dimensional touch sensor. Alternatively, the single drive circuit example, could

be used to form a linear sensor or control, for determining the presence of a body

at a plurality of positions along the linear sensor.

[0010] In some examples a matrix of channels is formed, with each

channel being formed from a drive plate and a receiving plate. In other

examples, each of the channels is formed from a coupling plate, which is first

driven by a drive circuit to induce charge and then the induced charge is

transferred to a charge measurement capacitor.

[0011] Thus, one embodiment provides an apparatus for sensing the

presence of a body at one of a plurality of positions on a surface of a touch

sensor, where each position has a channel and where the presence of the body is



determined as a result of a change in capacitance of the channel. This apparatus

includes a controller for controlling a drive circuit, controlling a charge sensing

circuit for each channel to couple a charge measurement capacitor respectively

to the channel during a charge measurement part of the measurement cycle to the

effect that the charge induced on the channel during the drive part of the

measurement cycle is transferred to each of the respective charge measurement

capacitors of the charge sensing circuits, and determining an amount of charge

present on each of the charge measurement capacitors of the charge sensing

circuits in sequence, by discharging the charge measurement capacitors in

sequence, wherein the controller for determining the amount of charge present

on each of the charge measurement capacitors is further for discharging

contemporaneously the charge measurement capacitor of each of the charge

sensing circuits by a predetermined amount before determining an amount of

charge remaining on each of the charge measurement capacitors in sequence to

identify whether there has been a change in the capacitance of the channel as a

result of the presence of the body.

[0012] Various further aspects and features of example embodiments are

defined in the appended claims, which include a method of sensing the presence

of a body at one of a plurality of positions on a surface of a touch sensor and a

touch sensitive control panel including a channel matrix.

Brief Description of the Drawings

[0013] Figure IA is a schematic block diagram providing an example of a

touch sensitive sensor;

[0014] Figure IB is an example illustration of a user's finger disposed

proximate the sensor;

[0015] Figure 2 is a schematic block diagram illustrating an electrical

equivalent of the touch sensor shown in Figure IB;

[0016] Figure 3 is a schematic block diagram of a circuit which in

combination with the touch sensor shown in Figure IB serves to form a touch

sensor;

[0017] Figure 4 is an example timing diagram illustrating the operation

of the sensing circuit shown in Figure 3;



[0018] Figure 5 is a circuit diagram illustrating a touch sensitive matrix

providing a two-dimensional capacitive transducing sensor arrangement;

[0019] Figure 6 is a schematic illustration showing the touch sensitive

matrix shown in Figure 5;

[0020] Figure 7A is a graphical representation of a plot of signal charge

or voltage across each of a plurality of measurement capacitors with respect to

time for the example touch sensor shown in Figure 5;

[0021] Figure 7B is a graphical representation of a plot of signal charge

or voltage across each of the plurality of measurement capacitors with respect to

time of Figure 7A illustrating a parallel pre-discharge process of the present

technique;

[0022] Figure 8A is a graphical representation of a plot of signal charge

or voltage across each of the plurality of measurement capacitors with respect to

time corresponding to the example shown in Figure 7A with a body present

proximate one of the channels;

[0023] Figure 8B is a graphical representation of a plot of signal charge

or voltage across each of the plurality of measurement capacitors with respect to

time of Figure 8A illustrating a parallel pre-discharge process of the present

technique;

[0024] Figure 9 is a flow diagram representing the operation of a touch

sensor according to the present technique; and

[0025] Figure 10 is a circuit diagram of a further example of a two-

dimensional touch sensor adapted in accordance with an example embodiment.

Detailed Description

[0026] As explained above, there are various forms of touch sensors

which can determine the presence of a body proximate a sensing element of the

touch sensor as a result of a change of charge transferred from a channel of the

touch sensor. An example of such a touch sensor is shown in Figure IA and IB.

The example shown in Figures IA and IB correspond to an example in which a

pair of transverse electrodes forms a touch sensor. As shown in Figure IA a pair

of electrodes 100, 104 which form a drive or X plate and a receiving or Y plate,

and are disposed beneath the surface of a touch sensitive control panel 15. The



electrodes 100, 104 are disposed beneath a dielectric layer 16, for example a

glass or plastic panel. As shown in Figure IA and IB the touch sensor 10 is

arranged to detect the presence of a body, such as a user's finger 20, as a result of

a change in an amount of charge received by the Y plate 104. As shown in

Figure IA when the X plate 100 is charged or driven by a circuit, an electric

field is formed which is illustrated by the lines 18 and 19 both above and below

the touch panel surface 15 as a result of which charge is transferred to the Y

plate 104. The X plate and the Y plate 100, 104 form a capacitively charged

channel 10. As shown in Figure IB as a result of the disturbance of the electric

field 18 due to the presence of the user's finger 20, the electric field of the

control panel 15 is disturbed as a result of an earthing or grounding effect

provided by the user's finger 20 as illustrated schematically by ground 34.

[0027] An equivalent circuit diagram of the touch sensor 10 shown in

Figures IA and IB is shown in Figure 2. In Figure 2, equivalent capacitances

are illustrated in the form of a circuit diagram. A capacitance formed between

the X plate 100 and the Y plate 104 of the channel is a capacitance CE 105. The

presence of the body 20 has an effect of introducing shunting capacitances 30,

32, 33 which are then grounded via the body 20 by an equivalent grounding

capacitor 22 to the ground 34. Thus the presence of the body 20 affects the

amount of charge transferred to the Y plate of the channel and therefore provides

a way of detecting the presence of the body 20. This is because the capacitance

between the X plate 100 and the Y plate 104 of the channel CE 105 reduces as

the grounding capacitances 22, 30, 32, 33 increases.

[0028] Figure 3 provides an example circuit diagram, which forms a

touch sensor by sensing an amount of charge transferred from the X plate 100

shown in Figure 2 to the Y plate 104 and includes a charge measurement circuit,

similar to that described in US Patent No. 6,452,5 14.

[0029] As shown in Figure 3, a drive circuit 101 is connected to the X

plate 100 of the channel and the Y plate 104 of the channel is connected to an

input 106 of a charge measurement circuit 108, wherein the X and Y plates

collectively form the capacitor 105. The input 106 is connected to a first

controllable switch 110 and to one side of a charge measurement capacitor Cs

112. The other side of the measurement capacitor 112 is connected via a second



switch 114 to an output 116 of the charge measurement circuit 108, which is fed

as a voltage V OUT to a controller 118. A first input control channel 103 is used

to control the operation of the drive circuit 101.

[0030] The controller 118 also outputs control line 146 to control switch

110, and control line 148 to control switch 114. In the circuit diagram shown in

Figure 3, a convention has been adopted to show that a control input of each of

the switches 110, 114 is open for the control input "0" and closed for the control

input "1." The other side of each of the switches 110, 114 is connected to

ground, so that if the control input is "1" then the connecting input would be

connected to ground. A similar convention has been adopted for drive circuit

101, whereby when the control input 103 is "0" the X plate is connected to

ground, and when the control input is "1" the X plate is connected to a reference

voltage "V R ." The operation of the touch sensor illustrated in Figure 3, including

the function of the charge measurement circuit which is arranged to measure an

amount of charge transferred from the X plate 100 to the Y plate 104 of the

channel 105, is explained with reference to the timing diagram illustrated in

Figure 4.

[0031] In Figure 4, four timing diagrams 130, 132, 134, 138 illustrate the

operation of the charge measurement circuit 108 of Figure 3. A first timing

diagram 130 represents the control input 148 from the controller 118 applied to

the second switch 114. The left hand axis represents the logical value of the

control inputs on control lines 103, 146, and 148. On the right hand axis the

effect at the connecting point 114. 1 is shown to be either "Z" in which the

connecting point 114.1 is isolated or floating, or for a logical control input of 1

grounded. Similarly a timing diagram 132 illustrates for logical control input

values "0" or "1" of a connecting point 110.1 at either floating (Z) or ground (0).

A third timing diagram 134 illustrates a relative timing of a drive signal provided

to the X plate 100 of the channel in which case, in contrast to the timing

diagrams 130, 132 for the two switches 110, 114, the value of the timing

diagram 134 is an absolute value so that the left hand side illustrates that the

voltage applied to the X plate 100 varies between OV and the reference voltage

V R, which is the reference voltage used to charge the X plate 100. The final

timing diagram 138 provides an illustration of the example signal strength or



voltage produced on the measurement capacitor 112 as a result of the opening

and closing of the switches 110, 114 and the driving of the X plate 100 in

accordance with the timing illustrated by the timing diagrams 130, 132, 134.

[0032] The timing diagrams 130, 132, 134, 138 are explained, wherein in

Figure 4, at a first time point the charge measurement circuit 108 is initialized

with both the control input lines 146, 148 for the switches 110, 114 being high

(1) and the control input line 103 for the drive circuit 101 being low (0). Control

input lines 146, 148 and 103 are lines connected to the controller 118. Thus, the

Y plate 104, the charge measurement capacitor 112, and the X plate 100 of the

channel 105 are set to ground. Correspondingly, the output voltage across the

charge measurement circuit 112 is at zero Volts. At time point t2 the logical

input on control input line 148 to the control switch 114 is set low (0) to zero

thereby opening the switch 114 and floating the connecting point 114.1, which

connects the output voltage at connection point 114. 1, referred to as Y B, as an

output voltage, Vout, to controller 118 on line 116. The line 116 effectively

couples one side of the measurement capacitor 112 to the controller 118. At a

next time, 13, the control input on control line 146 to the switch 110 is set low (0)

thereby opening the switch 110 and floating the connecting point 110.1, which is

Y A , before at a time point, U, the control line 103 to the drive circuit 101 drives

the X plate 100 of the channel 105 to the reference voltage V R . Then in order to

charge the measurement capacitor Cs for a period S between times t5 and , the

control input to the switch 114 is set high (1) thereby grounding YB to transfer

charge on the Y plate 104 of the channel 105 to the charge measurement

capacitor 112, until time U when the control input to the switch 114 is set to low

(0), which again floats the connecting point 114. 1. After charging the

measurement capacitor Cs for a first dwell time between time points 15 and U, at

time point t7 the control input to switch 110 on the control line 146 is set high

(1), thereby grounding the connecting point 110.1, which is connected to one

side of the charge measurement capacitor Cs 112. As a result, the voltage across

the charge measurement capacitor 112 may be measured. The amount of charge

from the Y plate 104 seen on the charge measurement capacitor Cs 112 during

the dwell time between time points 15 and is represented as the output voltage

VOUT-



[0033] At time t8 the control input on control line 103 to the drive circuit

101 goes low (0), thereby connecting the X plate 100 of the channel 105 is

connected to ground which concludes a first measurement cycle. At time point

t9 the next measurement cycle of the measurement burst occurs. At time point

the control input on the control line 146 to the switch 110 goes low (0), thereby

floating Y A . The control input on control line 103 to the drive circuit 101 again

goes high (1), thereby connecting the X plate 100 to the reference voltage V R , at

time point tχo- The charge measurement capacitor 112 is again charged from

charge transferred from the Y plate 104 of the channel 105 onto the charge

measurement capacitor 112. As with the first burst, at time point tn the control

input on control line 148 to the switch 114 goes high (1), thereby grounding the

connecting point 114.1 and driving charge onto the charge measurement

capacitor until time point t12 , when the control input on control line 148 to the

switch 114 goes low (0) again floating YB. Thus again charge is transferred

from the Y plate 104 during the dwell period between times tn and t i2, thereby

increasing the voltage across the charge measurement capacitor Cs. The voltage

across the charge measurement capacitor 112 is represented as the output voltage

VOUT with respect to connecting point 110.1, which is coupled to ground. At

time t the control input on control line 146 to the switch 110 is set high (1),

thereby grounding Y A and at time t14 control input 103 to the drive circuit 101

goes low (0), thereby connecting the X plate 100 of the channel 105 to ground,

which concludes the second measurement cycle. Thus, as with the first

measurement cycle an amount of charge has been transferred from the Y plate

104, which has then increased the voltage across the charge measurement

capacitor 112, which represents an amount of charge transferred from the Y plate

104.

[0034] After one or more measurement cycles of the burst, the amount of

charge on the charge measurement capacitor 112 may be determined with the aid

of a discharge resistor 140. One side of the discharge resistor 140 is connected

to the measurement capacitor and the other side SMP is connected to a discharge

switch 142. The discharge switch 142 receives a control signal from the

controller 118 via a control line 144. The controller 118 is controlled so as to

float SMP the discharge resistor 140 during measurement cycles and to



discharge the charge measurement capacitor Cs 112 through the discharge

resistor 140 by connection to a voltage Vs. The controller 118 then determines

an amount of charge present on the charge measurement capacitor 112 by

counting a number of clock periods until the charge on the charge measurement

capacitor Cs 112 is discharged to zero. The number of clock periods therefore

provides a relative signal sample value for the respective measured charge

signal.

TWO DIMENSIONAL TOUCH SENSOR EXAMPLE

[0035] One advantage of the measurement circuit shown in Figure 3 is

that, using the same principles of construction and operation, a matrix of touch

sensitive switches can be formed, so that a user can select either a plurality of

different positions on a touch sensitive screen, for example, or a plurality of

different functions in dependence upon position of the user's finger for example

with respect to the matrix of points. Figures 5 and 6 provide an example of a

two dimensional touch sensor.

[0036] In Figure 5, drive circuits 101.1, 101.2, 101.3, 101.4 are arranged

to drive different sensor points 205 which form a 4 x 4 array of channels,

although it will be appreciated that any size of array can be used. Thus, as

illustrated correspondingly in Figure 5 a control panel with sixteen touch

sensitive points, or channels, is provided which can be used to either form the

touch sensitive screen or a control panel with multiple selection control switches.

As shown in Figure 5, each of the drive circuits 101.1, 101.2, 101.3, 101.4 is

controlled by a controller 500 to drive each of the corresponding drive lines Xl,

X2, X3, X4, using first control inputs 103.1, 103.2, 103.3, 103.4, respectively, in

the same way as the X plate 100 is driven in Figure 3 and represented in Figure

4. An input on line 107 is also shown which provides the reference voltage V R .

The output of the coupling capacitors at each of the points 205 are connected to

one side of charge measurement capacitors Cs 112.1, 112.2, 112.3, 112.4 which

are arranged to measure an amount of charge present on the Y plate, Yl, Y2, Y3,

Y4 provide output signals 116.1, 116.2, 116.3, 116.4 to detect the presence of an

object in the same way as the operation of the circuit in Figure 3 and Figure 4.



This is achieved by applying control signals to the switches 11OA, 11OB, 11OC,

HOD, 114A, 114B, 114C, and 114D in a corresponding manner to the

arrangement explained above with reference to Figures 3 and 4. More details for

the operation of such a matrix circuit are disclosed in US Patent No. 6,452,5 14.

TECHNICAL PROBLEM ADDRESSED BY EXAMPLE EMBODIMENTS

[0037] As shown in Figure 6, it is known to provide an arrangement in

which a charge measurement is effected for a touch sensor having a plurality of

channels, so that a multi-input control or a two dimensional touch sensor can be

implemented. As will be appreciated from the description provided above, each

of the channels, represented as a drive, sense pair of electrodes (X, Y), on the

touch sensor provides a sensing point.

[0038] In order for the controller 500 to detect a change in the

capacitance of each of the sensing points in the two dimensional matrix, each of

the drive circuits 101.1, 101.2, 101.3, 101.4 is controlled to drive each ofthe

corresponding lines Xl, X2, X3, X4, in turn. Thus, using first control inputs on

control lines 103.1, 103.2, 103.3, 103.4 the X plates for each ofthe input or drive

lines Xl, X2, X3, X4 are driven in turn, which pushes charge onto the receiving

Y plates, which are connected to the corresponding drive line Xl, X2, X3, X4.

Therefore, for example, for the first ofthe drive lines Xl, all ofthe X plates

which are coupled to the Xl line are driven which pushes charge onto the

receiving plates Yl, Y2, Y3, Y4 which are at the intersection points of that drive

line Xl. Therefore, when each ofthe charge sensing circuits, which includes the

measurement capacitors 112. 1, 112. 1, 112.3, 112.4, is used in turn to measure

the amount of charge transferred from a corresponding receiving Y plate, after

having been driven by the first drive line Xl, a change in an amount of

capacitance for each ofthe channels (Xl ,YI), (Xl,Y2), (Xl,Y3), and (Xl,Y4)

which are connected to the Xl drive line, can be determined. Thus, by driving

each ofthe drive lines Xl, X2, X3, X4 in turn and measuring the charge induced

on each of the measurement capacitors 112.1, 112.1, 112.3, 112.4 in turn, it is

possible to identify a change in capacitance of any ofthe channels provided at

the intersection points ofthe X lines and the Y lines ofthe two dimensional

touch sensor. The change in the capacitance at any ofthe intersection points



therefore provides in indication of the proximity of a body at the corresponding

locations in the two dimensional planes provided by the touch sensor.

[0039] As will be appreciated from the above explanation, in order to

identify a location of a body at any position in the two dimensional plane, it is

necessary to drive each of the N drive lines Xl, X2, X3, X4 in turn, and then

measuring the charge induced on each of the M charge measurement capacitors

Yl, Y2, Y3, Y 4 in turn. In other embodiments, N and M may be other values.

[0040] As such, in order to detect the location of a body proximate the

two dimensional touch sensor, an amount of time approximately equal to N * M

* t, will be required, in which "t" is the average time taken to measure the

charge present on one of the measurement capacitors 112. 1, 112.2, 112.3, 112.4.

[0041] As shown in Figure 5, and in correspondence with arrangements

shown in Figure 3, each of the charge measurement capacitors Cs 112. 1, 112.2,

112.3, 112.4, includes an arrangement of a discharge resistors SMP 140.1, 140.2,

140.3, 140.4, and switches 142.1, 142.2, 142.3, 142.4, which is controlled in

either of two positions. The two positions of the switches 142.1, 142.2, 142.3,

142.4 which are connected to a corresponding discharge resistor 140.1, 140.2,

140.3, 140.4, connect the discharge resistor either to float (Z) or to connect to a

positive voltage Vs. Thus, as explained above with reference to Figure 3, the

switches 142.1, 142.2, 142.3, 142.4 are arranged to discharge the charge

measurement capacitors Cs 112.1, 112.2, 112.3, 112.4 in order to measure an

amount of charge which has accumulated on the measurement capacitors 112. 1,

112.2, 112.3, 112.4 transferred from the receiving Y-plate of the channel, Yl,

Y2, Y3, Y4. As indicated above, each of the drive lines of the X-plate, Xl, X2,

X3, X4, is driven in turn to identify a proximity of an object to a part of the two

dimensional touch sensor from the charge induced by the X-plate of the channel

on to the receiving Y-plate Yl, Y2, Y3, Y4. By then measuring the charge on

each of the Y-plates by discharging the respective charge measurement

capacitances in turn, it is possible to identify the location of a user's finger 610,

for example, proximate the two dimensional touch sensor. Thus, as illustrated in

Figure 6, the location of the user's finger 610 proximate one of the channels (Xl,

Y2) can be identified.



EXAMPLE OPERATION OF THE PRESENT TECHNQIUE

[0042] An arrangement for performing a parallel pre-discharge of the

measurement capacitors Cs 112.1, 112.2, 112.3, 112.4 is illustrated by the

graphical representations of Figures 7A, 7B, 8A and 8B. Figure 7A provides a

graphical representation showing a voltage across each of the four charge

measurement capacitors 112. 1 112.2 112.3 112.4 for each of the receiving lines

Yl, Y2, Y3, Y4. Thus, during a first part 701 of a process for detecting the

presence of an object proximate one of the channels of the touch sensor, the

arrangement for bursting the channels on one of the drive lines, such as one of

lines Xl, X2, X3, X4, is as explained with reference to Figures 1 to 6. Thus,

across each of the charge measurement capacitors Cs 112. 1, 112.2, 112.3, 112.4

a voltage is accumulated as a result of an accumulation of the charge transferred

from the corresponding receiving Y-plate line Yl, Y2, Y3, Y4 of the channel

resulting in a change in voltage across the Cs capacitors from the reference

voltage to a voltage indicated at 702. Thereafter, in order to detect the presence

of an object proximate one of the receiving channels Yl, Y2, Y3, Y4 of that

drive line Xl, the charge across the corresponding charge measurement

capacitors 112. 1, 112.2, 112.3, 112.4 is discharged as explained with reference

to Figure 5 and 6.

[0043] As mentioned above, the representation of the charge present

across the charge measurement capacitor is represented by a count of clock

cycles which is used to discharge the charge measurement capacitor Cs to zero.

Thus, as shown in Figure 7A for example, an amount of time tyi which is used to

discharge the first charge measurement capacitor from the Yl line, which may be

represented as a count of clock cycles, for example 100 clock cycles.

[0044] As will be appreciated from the diagram shown in Figure 7A in

order to discharge each of the charge measurement capacitors for each of the

receiving lines Yl, Y2, Y3, Y4, a total time may be equal to the sum of the

individual times, for example, tyi+ ty2 + ty3+ ty4 . It is desirable to reduce the

amount of time used to perform a measurement of charge from each of the

charge measurement capacitors in order to improve the sensitivity of the touch

sensor.



[0045] One solution is to measure the charge present on each of the

measurement capacitors 112.1, 112.2, 112.3, 112.4 in parallel. However, to do

this, each of the charge measurement circuits for each of the charge

measurement capacitors 112. 1, 112.2, 112.3, 112.4 may use a separate

comparator or analog to digital converter. Furthermore, the controller 500 may

process the samples of the counts corresponding to the discharging of the

measurement capacitors in parallel. Therefore, to reduce cost and complexity

some embodiments may perform the measurements of charge for each of the

charge measurement capacitors 112.1, 112.2, 112.3, 112.4 in series, by

measuring the charge present on each of the measurement capacitors 112.1,

112.2, 112.3, 112.4 sequentially, such that a single analog to digital converter

and one interface to the controller 500 is used.

[0046] According to an example embodiment, to reduce an amount of

time to perform the measurement of the charge across each of the charge

measurement capacitors 112.1, 112.2, 112.3, 112.4 for each of the receiving

lines Yl, Y2, Y3, Y4, the controller 500 performs a parallel discharge of each of

the charge measurement capacitors 112.1, 112.2, 112.3, 112.4. This is done

before performing the measurement of the charge remaining on each of the

charge measurement capacitors 112. 1, 112.2, 112.3, 112.4 sequentially. To this

end, a pre-determined range of measurement values corresponds to the presence

or absence of an object proximate any of the channels of the touch sensor. This

may be established during an initialization phase or may be pre-set within the

controller. An amount of change of charge could be measured in accordance

with a range of measurement values, which will correspond to the presence or to

the absence of a body proximate the touch sensor during an initialization phase,

or is pre-set within the controller 500. The amount of discharge is therefore

determined in accordance with a likely range of measurements which will

correspond to the presence or absence of an object proximate the channel of the

touch sensor.

[0047] This likely dynamic range of measurements therefore determines

an amount by which the measurement capacitors may be discharged before the

measurement is taken. Figure 7B provides a graphical representation of the

discharge of the measurement capacitors in correspondence with the examples



shown in Figure 7A. As shown in Figure 7B each of the charge measurement

capacitors 112. 1, 112.2, 112.3, 112.4 is discharged by an amount "D D," which

may correspond to a count of cycles or to a specific voltage. The amount of the

discharge D D of each of the charge measurement capacitors 112.1, 112.2, 112.3,

112.4 is set in accordance with the expected dynamic range for measuring the

presence of the body which is represented by a second count "D M ," which may

again be represented as a count of cycles or as a voltage. Thus as shown in

Figure 7B, the charge measurement capacitors 112.1, 112.2, 112.3, 112.4 are

discharged for an amount of time "tp" such that the time for measuring the

charge for each of the charge measurement capacitors 112.1, 112.2, 112.3, 112.4

is correspondingly reduced.

[0048] For example, the time taken to measure the charge present on the

first charge measurement capacitor 112.1 for the receiving line Yl becomes t 'yi =

tyi - tp. Thus for each of the corresponding charge measurement processes for

each of the remaining receiving lines Y2, Y3, Y4 a time saving is provided of

approximately 3 * tp so that the total time to perform the charge measurements

for all of the Y lines becomes:

total time = tp+ (tyl - tp) + (ty2 - tp) + (ty3 - tp) + (ty4 - tp)

[0049] Figures 8A and 8B illustrate corresponding graphical

representations of voltage across the charge measurement capacitors 112.1,

112.2, 112.3, 112.4 to illustrate the parallel pre-discharge process but with the

example of Figure 6, where the user's finger 610 is proximate a second set of the

receiving channels (Xl,Y2). Thus as shown in Figure 8A, the voltage across the

measurement capacitor 112.2, which is illustrated by a line 801, as a result of an

amount of charge transferred from the corresponding receiving line Y2 is

substantially less than that when the user's finger 610 is not present. Therefore,

the charge present on the charge measurement capacitor 112.2 is substantially

less than the voltage across the other charge measurement capacitors 112.1,

112.3, 112.4, which has been transferred from the receiving plates Yl, Y3, Y4 as

represented by a line 802. Thus, as shown in Figure 8A, a time taken for the

measurement capacitor 112.2 for the sense line Y2 to reach zero is ty2, which is

less than the time taken to reach zero for the other receiving lines. This



difference in time is therefore an indication of the presence of the user's finger

proximate the receiving plate of the channel (Xl, Y2).

[0050] Correspondingly, for the example where a parallel pre-discharge

takes place of all of the charge measurement capacitors 112.1, 112.2, 112.3,

112.4 across each of the receiving lines Yl, Y2, Y3, Y4, Figure 8B shows that

the parallel pre-discharge of all of the charge measurement capacitors 112.1,

112.2, 112.3, 112.4 causes the charge to be reduced across the measurement

capacitor 112.2 for the channel (Xl, Y2), which is illustrated by a line 804.

There is still, however, sufficient dynamic range for a discharge of the charge

measurement capacitor Cs 112.2 for a time t'Y2 from which the presence of an

object may be detected.

SUMMARY OF OPERATION

[0051] A flow diagram illustrating the process for detecting the presence

of a body on a two dimensional touch sensor which incorporates the above-

mentioned parallel pre-discharged processes as shown in Figure 9

[0052] The process of Figure 9 begins at Sl, wherein a FOR loop is

initialized to process each of the drive lines Xl, X2, X3, X4 in turn. The FOR

loop includes activities to drive each of the drive lines Xl, X2, X3, X4 (for n = 1

to N).

[0053] The FOR loop activities are illustrated from S2, wherein the state

of the FOR loop in Sl determines if the drive line Xn is driven by one of the

corresponding drive circuits. When one of the drive lines is being driven, a

charge is induced on the receiving lines Yl, Y2, Y3, Y4 through locations

corresponding to that drive line Xn. Accordingly, the charge measurement

capacitors 112.1, 112.2, 112.3, 112.4 are charged as a result of a series of bursts,

as explained with reference to Figures 1 to 4.

[0054] The process continues at S4 in a manner as explained herein

above for a pre-determined amount of time tp, or for an amount of voltage or for

a cycle count. Each of the charge measurement capacitors 112.1, 112.2, 112.3,

112.4 is discharged in parallel.

[0055] The processing begins at S6 for activities wherein each of the

receiving lines Yl, Y2, Y3, Y4 and the corresponding charge measurement



capacitor Cs 112. 1, 112.2, 112.3, 112.4 of the measurement circuit, a FOR loop

is performed for each of the values for m = 1 to M, to perform an analysis of the

charge remaining on the charge measurement capacitor.

[0056] At S8, each charge measurement capacitor is discharged, in turn,

to a pre-determined value, for example, zero. In one embodiment, channel

discharge measurement times may be measured in terms of counts of clock

cycles to reach this value, and may be noted as a set of numbers t[n][m], where n

corresponds to the drive line, and m corresponds to the sense line forming the

channel. Thus, each of the receiving lines Yl, Y2, Y3, Y4, is processed in turn

by the controller 500 and a corresponding measurement taken of a time required

to discharge the corresponding charge measurement capacitor 112.1, 112.2,

112.3, 112.4. The time taken to discharge each charge measurement capacitor is

stored for later comparison with ranges of values.

[0057] At SlO, the FOR loop is checked for the sequence of processing

the charge measurement capacitors, to determine whether the last measurement

capacitor has been processed. Thus if m = M, such as four in the illustrated

examples, then processing passes to step S14, otherwise processing passes to

step S12.

[0058] When the count of the variable m is increased in accordance with

the sequential processing of the M charge measurement capacitors, operation

S12, processing proceeds to operation S8 for the next charge measurement

capacitor. At decision point S14, the process checks the state of the FOR loop

for the drive line Xn under consideration, by determining whether a last of the

drive lines X, where n=N and N is the total number of drive lines, has been

processed, for example whether with n= 4. If no, e.g., n N, then processing

proceeds to step S16 where the next drive line n is processed by increasing n for

n = n + 1 and then proceeding to step S2.

[0059] Processing continues to operation S18 and if the final drive line

(n = 4) has been processed, then the controller determines whether or not a body

has been detected proximate one of the channels of the touch sensor in

accordance with the measurements taken for each of the channels by processing

each of the drive lines X in turn and each of the receiving lines Yl, Y2, Y3, Y4.

Thereafter processing returns to step Sl, wherein Steps S1 to S18 are repeated.



[0060] As explained above, embodiments find application with various

forms of touch sensor and include touch sensors in which a channel is first

charged and then discharged such as in the example disclosed in US Patent No.

5,730,165. In this example, which is illustrated in Figure 10, each channel

provides a single coupling plate 960. As for the examples explained above, a

controller 500.1 drives charge to a drive line, such as Xl, X2, X3, X4, which is

then transferred or induced to the coupling point 960 where the drive line

intersects each sense line and identifies the location of a channel. The process

then involves measuring an amount of charge transferred from the plate 960 to a

charge measurement capacitor in order to detect a change in capacitance at the

coupling plate 960.

[0061] As illustrated in Figure 10, the change in capacitance may be

caused by the presence of a body, which is illustrated as a capacitance C 904.

As illustrated in Figure 10, a plurality of channels 960 are coupled to drive lines

962, which are controlled by the controller 500. 1. The controller 500. 1 charges

the drive lines 962 during a drive part of a measurement cycle and discharged by

sensing lines 963.

[0062] In accordance with an example embodiment, after driving the

coupling plates 960, on one of the common driving lines 962, the plates 960 are

discharged in parallel in accordance with the parallel pre-discharge technique

explained above, in order to reduce an amount of time taken to detect the

presence of a body proximate one of the coupling plates 960. As will be

appreciated, some embodiments have application to any form of touch sensor in

which a plurality of sensing channels or plates are charged and then charge

measurement circuits are applied sequentially to measure the charge on the

channels or coupling plates. For example, a linear position sensor may have a

single set of channels, which may be arranged linearly to provide linear position

control. According to some embodiments, the channels may be charged by a

common drive line, and then a parallel pre-discharge process may be applied to

discharge the channels or coupling plates before the charge is sensed for each

channel or plate in sequence.

[0063] In some example implementations, the sensor may be used with

capacitive sensing apparatus and methods described in US Patent No. 6,452,5 14.



[0064] In one example, the sensing element, which forms the channel or

channels, may comprise a pattern of electrodes. The electrodes may be made of

a transparent material, such as Indium Tin Oxide (ITO) or other suitable material

for use in a touch sensor.

A more detailed example of a two dimensional touch sensor is provided in US

Patent Application having Publication No. US2006/0279395. A further example

of a touch sensor with which some embodiments find application is disclosed in

US Patent No. 6,466,036.



CLAIMS

1. An apparatus, comprising:

a plurality of charge measurement capacitors to couple to a plurality of

channels of a touch sensor; and

a controller configured to control

transferring charge to each of the plurality of channels,

coupling each of the plurality of charge measurement capacitors to

one of the plurality of channels such that charge is transferred to

each of the plurality of charge measurement capacitors,

discharging each of the plurality of charge measurement capacitors,

determining an amount of charge present on each of the plurality of

charge measurement capacitors; and

identifying a change in capacitance of any one of the plurality of

channels based on the amount of charge.

2. The apparatus of claim 1, wherein the controller is configured to further

control a burst measurement cycle which charges each of the plurality of

channels and discharges each of the plurality of measurement capacitors for a

predetermined time period.

3. The apparatus of claim 2, wherein the controller is configured to further

discharge each of the plurality of charge measurement capacitors in parallel for a

predetermined time period.

4. The apparatus of claim 3, wherein the controller is configured to further

discharge each of the plurality of charge measurement capacitors sequentially;

and to measure a time to discharge to a predetermined voltage.

5. Control circuitry configured to:

cause measurement capacitors of a touch sensitive device to be

contemporaneously discharged by a predetermined amount;



cause sequential discharge of each charge measurement capacitor to

determine an amount of charge present on each charge measurement

capacitor following the discharge by the predetermined amount; and

identify a change in capacitance of a plurality of channels of the touch

sensitive device resulting from presence of an object at one of the plurality of

channels.

6. A touch sensor for sensing a presence of a body at one of a plurality of

positions on a surface of the touch sensor, each position corresponding to a

channel, the presence of the body being determined as a result of a change in

capacitance of the channel, the touch sensor comprising:

a drive circuit coupled to each of the channels,

for each of the channels, a charge sensing circuit, each of the charge sensing

circuits including a charge measurement capacitor; and

a controller coupled to the drive circuit and the charge sensing circuit, the

controller being operable

to control the drive circuit to induce charge onto each of the channels

during a drive part of a measurement cycle,

to control each of the charge sensing circuits to couple the charge

measurement capacitor respectively to one of the channels during

a charge measurement part of the measurement cycle such that

the charge induced onto the one of the channels during the drive

part of the measurement cycle is transferred to a respective charge

measurement capacitor, and

to determine an amount of charge present on each of the signal

measurement capacitors of the charge sensing circuits in

sequence, by discharging the measurement capacitors,

wherein the signal measurement capacitor of each of the charge sensing

circuits is discharged contemporaneously by a predetermined amount, before

an amount of charge remaining on each of the signal measurement capacitors

is determined in sequence to identify whether there has been a change in the

capacitance of the channel as a result of the presence of the body.



7. A touch sensor as claimed in Claim 6, wherein the predetermined

discharge amount by which each of the signal measurement capacitors is

contemporaneously discharged before the amount of charge remaining is

determined, is set in accordance with an expected amount of charge present on

each of the signal measurement capacitors as a result of the presence of the body

proximate a corresponding one of the channels of the touch sensor.

8. A touch sensor as claimed in Claim 7, wherein the predetermined

discharge amount by which each of the signal measurement capacitors of the

charge sensing circuits are discharged is determined by measuring a range of

values of the expected charge values on each of the charge measurement

capacitors for each of the channels as a result of the presence and absence of a

body and setting the predetermined discharge amount in accordance with the

expected range of values.

9. A touch sensor as claimed in Claim 7, wherein the predetermined

discharge amount by which each of the signal measurement capacitors of the

charge sensing circuits are discharged is pre-set in accordance with the expected

amount of charge present.

10. A touch sensor as claimed in Claim 6, wherein each of the channels of

the touch sensor is an intersection of a drive line and a receiving line, each

receiving line being coupled to a corresponding charge measurement capacitor

of the charge sensing circuit, and the controller is to control the drive circuit to

drive each of the plurality of drive lines during the drive portion of the

measurement cycle, and to control the charge sensing circuit to transfer charge

on the plurality of receiving lines to the plurality of charge measurement

capacitors during the measurement portion of the measurement cycle.

11. A touch sensor as claimed in Claims 6, wherein each of the plurality of

channels of the touch sensor comprises a coupling plate, and the controller is

arranged to control the drive circuit to:



charge the coupling plate of each of the plurality of channels during the drive

part of the measurement cycle, and

control the charge sensing circuit to transfer charge from each coupling plate

of each of the plurality of channels to a corresponding one of the charge

measurement capacitors of the charge sensing circuit during the

measurement part of the measurement cycle.

12. A touch sensor as claimed in Claim 6, the touch sensor further

comprising a plurality of drive circuits each of which is coupled to a first set of

the plurality of channels via a common drive line, wherein the charge sensing

circuit is coupled to a different sets of the plurality of channels via common

receiving lines, wherein the plurality of channels are disposed on a two

dimensional surface to form a two dimensional touch sensor.

13. A method of sensing a presence of an object at one of a plurality of

positions on a surface of a touch sensor, each of the plurality of positions

corresponding to one of a plurality of channels, the presence of the object being

determined as a result of a change in capacitance of at least one of the plurality

of channels, the method comprising:

controlling a drive circuit coupled to each of the plurality of channels to

induce charge onto each of the plurality of channels during a drive part of a

measurement cycle;

controlling a charge sensing circuit for each of the plurality of channels

to couple a charge measurement capacitor respectively to the each of the

plurality of channels during a charge measurement part of the measurement

cycle to the effect that the charge induced on the at least one of the plurality of

channels during the drive part of the measurement cycle is transferred to at least

one respective capacitor of the charge measurement capacitors of the charge

sensing circuits; and

determining an amount of charge present on each of the charge

measurement capacitors of the charge sensing circuits in sequence by

discharging the charge measurement capacitors in sequence, wherein the

determining the amount of charge present on each of the charge measurement



capacitors includes discharging contemporaneously each of the charge

measurement capacitors by a predetermined amount before determining an

amount of charge remaining on each of the charge measurement capacitors in

sequence to identify whether there has been a change in the capacitance of at

least one of the plurality of channels as a result of the presence of the object.

14. A method as claimed in Claim 13, wherein the predetermined amount by

which each of the charge measurement capacitors is contemporaneously

discharged before the amount of charge remaining is determined is set in

accordance with an expected difference in the amount of charge present on each

of the measurement capacitors as a result of the presence of the object proximate

a corresponding one of the plurality of channels of the touch sensor.

15. A method as claimed in Claim 14, comprising determining, during an

initialization phase, the predetermined amount by which each of the charge

measurement capacitors of the charge sensing circuits are contemporaneously

discharged, by measuring a range of expected charge values on each of the

charge measurement capacitors for each of the plurality of channels as a result of

the presence of an object and setting the predetermined discharge amount in

accordance with the range of expected charge values.

16. A method as claimed in Claim 14, wherein the predetermined amount by

which each of the measurement capacitors of the charge sensing circuits are

discharged is pre-set in accordance with the expected range in charge values on

each of the measurement capacitors as a result of the presence and absence of a

body.

17. A method as claimed in Claim 13, wherein each of the plurality of

channels of the touch sensor comprises a drive plate and a receiving plate, each

of the drive plates being coupled to the drive circuit and each of the receiving

plates being coupled to a corresponding charge measurement capacitor of one of

the charge sensing circuits, and the controlling the drive circuit to induce charge

onto each of the plurality of channels during a drive part of a measurement cycle,



includes driving the drive plate of the plurality of channels during the drive part

of the measurement cycle, and the controlling the charge sensing circuit for each

of the plurality of channels to couple the charge measurement capacitor

respectively to each of the plurality of channels during the charge measurement

part of the measurement cycle includes, for each channel controlling the charge

sensing circuits to transfer the charge induced on the receiving plate to the

charge measurement capacitor during the measurement portion of the

measurement cycle.

18. A method as claimed in Claim 13, wherein each of the plurality of

channels of the touch sensor comprises a coupling plate, and the controlling the

drive circuit to induce charge onto each of the plurality of channels during the

drive part of the measurement cycle, includes driving the coupling plate of the

plurality of channels during the drive part of the measurement cycle, and the

controlling the charge sensing circuit for each of the plurality of channels to

couple the charge measurement capacitor respectively to one of the plurality of

channels during the charge measurement part of the measurement cycle

includes, for each of the plurality of channels controlling the charge sensing

circuits to transfer the charge induced on the coupling plates of each of the

plurality of channels to a corresponding one of the charge measurement

capacitors of the charge sensing circuits during the measurement part of the

measurement cycle.

19. A method as claimed in Claim 13, wherein the controlling the drive

circuit to induce charge onto each of the plurality of channels during the drive

part of the measurement cycle, includes controlling a plurality of drive circuits,

each of which is coupled to the plurality of channels via common drive lines, to

induce charge onto each of the plurality of channels, and the controlling the

charge sensing circuit for each of the plurality of channels to couple one of the

charge measurement capacitors respectively to one of the plurality of channels

during the charge measurement part of the measurement cycle to transfer the

charge to each of the respective charge measurement capacitors, includes

controlling each of the charge sensing circuits to couple a different set of the



plurality of channels via common receiving lines to transfer the charge induced

on each of the plurality of channels to one of the charge measurement capacitors,

the plurality of channels being disposed on a two dimensional surface to form a

two dimensional touch sensor.

20. A touch sensitive control panel comprising:

a channel matrix comprising

a first plurality of drive lines having N drive lines,

a second plurality of sense lines, having M sense lines,

wherein the channel matrix includes a number of channels equal to N

multiplied by M, each of the channels being arranged to sense the

presence of an object, each of the channels being disposed adjacent a

respective intersection of one of the N drive lines and one of the M

sense lines, each of the channels comprising a drive plate (X)

connected to one of the N drive lines and a receiving plate (Y)

connected to one of the M sense lines, each of the N drive lines is

connected to a respective drive circuit, each of the M sense lines is

connected to a respective charge sensing circuit including a charge

measurement capacitor, and the channel matrix includes a controller,

the controller being operable to:

control each drive circuit to induce charge onto each drive plate

of each of the M sense lines connected to each of the N drive

lines during a drive part of a measurement cycle,

control each charge sensing circuit to couple each charge

measurement capacitor respectively to the receiving plate of

each of the channels during a charge measurement part of the

measurement cycle to the effect that the charge induced on

each receiving plate of each channel during the drive part of

the measurement cycle is transferred to each respective charge

measurement capacitor, wherein each charge measurement

capacitor of each charge sensing circuit is discharged

contemporaneously by a predetermined amount, before, an

amount of charge remaining on each charge measurement



capacitor is determined in sequence to identify a change in

capacitance of each channel as a result of the presence of the

object.

21. A method of sensing the presence of an object proximate a touch

sensitive control panel, the touch sensitive control panel including a channel

matrix comprising a first plurality of drive lines and a second plurality of sense

lines, wherein the channels are disposed adjacent intersections of the drive lines

and the sense lines, each channel comprises a drive plate connected to one of the

drive lines and a receiving plate connected to one of the sense lines, each of the

drive lines being connected to a respective drive circuit, and each of the sense

lines being connected to a respective charge sensing circuit, each charge sensing

circuit including a charge measurement capacitor, wherein the method

comprises:

controlling each drive circuit to induce charge onto each drive plate of

each of the channels during a drive part of a measurement cycle,

controlling each charge sensing circuit to couple each charge

measurement capacitor respectively to each receiving plate of each of the

channels during a charge measurement part of the measurement cycle to the

effect that charge induced on each receiving plate of each channel during the

drive part of the measurement cycle is transferred to each respective charge

measurement capacitor, and

discharging contemporaneously each charge measurement capacitor of

each charge sensing circuit by a predetermined amount, before, determining an

amount of charge remaining on each measurement capacitor in sequence, to

identify a change in capacitance of each channel as a result of the presence of the

object.
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