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(57) ABSTRACT 

A capacitive touch detector comprises means to improve 
selectivity-a narrow band buffer. Means for reducing the 
effect of noise comprise capacitive coupling of the buffer 
into the detector, which comprises a plurality of Sensor pads 
of different inherent capacitances and means to approximate 
impedances which include Said capacitances and are adapted 
to operate at respective frequencies to approximate the 
impedances. At least two multiplexers are arranged in Series 
to lower capacitance loading of the Sensor pads. A Synchro 
nous demodulator is arranged to be connected as a tracking 
filter to track the frequency of a capacitance-measuring 
Signal from one to another of the Sensor pads, possibly 
during a Scan thereof. 
A controller is connected to a number of pads or capacitive 
Sensing Zones by way of buffered multiplexer chips and, 
shielded connectors and cables. The buffered multiplexer 
chips can be cascaded in Series or wired in parallel and are 
driven from a level translator which can in its simplest form 
comprise a resistor and capacitor network but should pref 
erably comprise active elements. This ensures that the base 
voltage on (the Voltage first applied in a halfwave to) a 
Sensor pad is also applied to its Shield and various parts (e.g. 
power Supply rails, control port, chip Substrate) of its 
asSociated multiplexer/S. The Signals derived from this elec 
tronic Scanning array are then further processed by a signal 
processor incorporating a microprocessor. The improve 
ments relate to obtaining and processing the Signal both in 
the analogue and digital domains and allow more reliable 
touch detection, including interpolation methods. 
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CAPACTIVE TOUCH DETECTORS 

FIELD OF THE INVENTION 

0001. The present invention relates to capacitive touch 
operated devices. 

BACKGROUND TO THE INVENTION 

0002 There has been general satisfaction with what has 
been provided heretofore in this field. However, we, as 
inventors of the present invention, have done considerable 
research and determined that there are a number of areas in 
which there could be substantial improvement. We have 
isolated the following areas in particular. 

0003] 1 Sensitivity to radio interference 
0004 2 Sensitivity to static impulses 
0005) 3 The inability to distinguish a large touch object 
at a great distance from a Small touch object at a Small 
distance. (For example, to distinguish the tip of a finger 
from the bulk of a human hand-known hereafter as 
the palm effect. 

0006 4. A generally low signal to noise ratio in the 
fundamental Sensing, which tends to exhibit itself as 
slow response to a touch. 

0007 5 An inability to synthesise information from 
multiple Sensors. 

O008) A previous patent (Bach: GB 2,250,822 B=WO 
90/14604) has described a method of creating a buffered 
Sensor utilising a frequency variable Schmitt trigger based 
oscillator. This arrangement has certain advantages in its 
Simplicity of construction but we have appreciated that it 
suffers from oscillator lockup if presented with interference 
near its frequency or operation (i.e. it locks on to the 
interfering frequency), and that filtering is difficult to imple 
ment as the device works on a wideband FM principle and 
its operating range is between 100 KHZ and 500 KHZ. 
0009. A previous patent (Pepper: U.S. Pat. No. 4,371, 
746) relates to a Sensing Surface and an adjacent buffered 
Surface detecting a touch through a thin insulating layer of 
glass. This adjacent buffer driven in sympathy with the 
Signal of interest has many advantages particularly when 
used to Scan arrays of Sensors. 
0.010 These two patents relate to improvements in con 
Struction, electronic Sensor technology, the algorithms 
employed in determining touch and Some novel arrange 
ments of Sensors to create new forms of touch-operated 
media capable of being used in a variety of applications. 
0011) A previous patent (Bach: GB 2.25,720 B=WO 
92/08947) relates to a device for determining the presence 
and/or characteristics of an object or Substance, and com 
prises capacitive means the capacitance of which is changed 
due to the presence and/or characteristic of the object or 
Substance. The device also includes a circuit arrangement for 
detecting the change in capacitance, which includes a fixed 
frequency oscillator, the amplitude, output and/or phase of 
which is dependent on the change in capacitance. 
0012 An application for a UK patent (Applicant, Moon 
stone Technology Ltd; Inventor, Tagg: GB 9410281.1 on 20 
May 1994, published number *) has been made relating to 
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a through glass audio device which can be used in conjunc 
tion with these improvements to generate an information 
System with audio and tactile feedback. 
0013 The disclosure of the aforementioned patents and 
applications provides applications of, all possible combina 
tions of features thereof with, and background explanation 
for, the present invention, and is accordingly hereby 
imported into the present Specification. 
0014 Capacitive sensors can be constructed using the 
technology described by patent 2,250,822 B. However we 
have appreciated that these proposals Suffer from a number 
of problems: particularly, Static Sensitivity and frequency 
lockup. Furthermore, we have appreciated that a means of 
multiplexing a number of channels is required without the 
multiplexing element reducing the Sensitivity of the channel 
by loading it. Previous patent applications have described a 
way of organising a set of buffered multiplexers but we have 
appreciated that these proposals Suffer from a number of 
inherent flaws including limited fan out (ability to drive 
many sensor pads or make connections thereto) and the 
incorrect driving of multiplexer chips which results in 
inconsistent performance from one component to the next. 
These effects are particularly pronounced when large pads 
need to be driven at the end of long, high capacitance wires. 
0015 The aforementioned documents do not refer to the 
actual action of touching. The prior patent documents cited, 
U.S. Pat. Nos. 5,172,065, 5,214,388 and EP-A-0428502, 
refer to proximity Sensors which are not Suitable for detect 
ing a touch per se. 
0016. The Present Invention 
0017 According to respective aspects of the present 
invention, there are provided detectors having the respective 
features defined in the accompanying claims and in follow 
ing Points 1-32: 

0.018 1. A capacitive touch detector, which com p 
prises means to improve Selectivity. 

0019 2. A detector, which comprises a narrow band 
buffer. 

0020 3. A detector, wherein means for reducing the 
effect of noise comprise capacitive coupling of the 
buffer into the detector. 

0021 4. A detector, which comprises a plurality of 
Sensor pads of different inherent capacitances and 
means to approximate impedances which include 
Said capacitances. 

0022 5. A detector, which comprises circuitry com 
prising Said impedances and adapted to operate at 
respective frequencies to approximate the imped 

CCS. 

0023 6. A detector, wherein said impedances com 
prise components having respective resistances to 
approximate the impedances. 

0024 7. A detector, which comprises a plurality of 
Sensor pads and at least two multiplexers arranged in 
Series to lower capacitance loading of the Sensor 
pads. 

0025 8. A detector, which comprises a plurality of 
Sensor pads and a Synchronous demodulator 
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arranged to be connected as a tracking filter to track 
the frequency of a capacitance-measuring Signal 
from one to another of the Sensor pads, possibly 
during a Scan thereof. 

0026 9. A detector, which comprises, means to 
improve the Selectivity of capacitances taken into 
account to determine touch detection. 

0027 10. A detector, which comprises a multiplexer 
and a buffer and means adapted to connect part of the 
multiplexer other than its channels to an output of the 
buffer. 

0028 11. A detector, wherein said multiplexer part 
comprises power Supply rails of the multiplexer. 

0029 12. A detector, wherein said multiplexer part 
comprises a control port of the multiplexer. 

0030 13. A detector, wherein said multiplexer part 
comprises a chip Substrate of the multiplexer. 

0031 14. A detector, which comprises a sensor pad, 
a shield for the Sensor pad and means to apply a 
frequency signal to the Sensor pad for touch detec 
tion and apply to the Shield a signal of Substantially 
the same frequency, amplitude, phase and shape as 
the Said frequency signal. 

0032) 15. A detector, wherein the shield signal 
applying means are adapted not to control the d.c. 
level of the Signal applied to the shield. 

0033 16. A detector, which comprises a sensor pad 
and means to charge the Sensor pad and measure its 
charging rate. 

0034 17. A detector, wherein the charging and mea 
Suring means are adapted to charge the Sensor pad 
with a constant current for a fixed time and measure 
the Voltage achieved. 

0035. 18. A detector, which comprises means to 
recognise a time profile of capacitance change 
indicative of a touch to be detected. 

0036) 19. A detector, which comprises means to 
detect a Snap effect in a time profile of capacitance 
change indicative of a touch to be detected. 

0037. 20. A detector, which comprises means to 
enhance a time profile of capacitance change indica 
tive of a touch to be detected. 

0038 21. A detector, wherein said enhancing means 
comprise means adapted to enhance a Snap portion of 
Said profile. 

0039. 22. A detector, wherein said enhancing means 
comprise means adapted to correct a base line of Said 
profile. 

0040 23. A detector, wherein said enhancing means 
comprise means adapted to correct the maximum 
amplitude of Said profile. 

0041. 24. A detector, which comprises means to 
provide an adaptive pattern match to a time profile of 
capacitance change indicative of a touch to be 
detected. 
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0042 25. A detector, which comprises sensor pads 
and means which, upon the occurrence of Signals 
indicative of such detection from a plurality of the 
Sensor pads, produce a signal indicative of a touch 
position among the Sensor pads. 

0043. 26. A detector, which comprises means for 
Serially Scanning Said Sensor pads to obtain Said 
Signals indicative of touch detection. 

0044, 27. A detector, which comprises means for 
normalising Said Signals indicative of touch detec 
tion and adding the normalised signals to obtain Said 
Signal indicative of a touch position. 

0045 28. A detector, which comprises means for 
palm rejection. 

0046 29. A detector, which comprises means for 
interpolation from an array of activated Sensory 
elements to determine a mean position of touch. 

0047 30. A detector, wherein the interpolation 
means are effectively Self-calibrating. 

0048 31. A detector, wherein the interpolation 
means are adapted to effect interpolation by a geo 
metrical method. 

0049 32. A capacitive detector, which is adapted to 
detect a touch, i.e. an action of actually touching. 

0050 More particularly, there may be provided detectors 
having the features defined in any of the following Points 
1-33: 

0051 1. A detector, which comprises a plurality of 
Said accumulators and is adapted to ensure that if the 
value in one of the accumulators is greater than a 
predetermined level when it is reset to Zero and it is 
the biggest accumulated value at that time among the 
accumulators then a touch down indication is pro 
duced, otherwise all accumulators continue to accu 
mulate as before. 

0052 2. A detector, which is adapted to ensure that 
if a Second slightly higher threshold than Said pre 
determined level is exceeded then Said increments 
are weighted more greatly. 

0053. 3. A detector, which comprises a narrow band 
buffer. 

0054 4. A detector, which comprises means for 
reducing the effect of noise which comprise capaci 
tive coupling of the buffer into the detector. 

0055 5. A detector, which comprises a plurality of 
Sensor pads of different inherent capacitances and 
means to approximate impedances which include 
Said capacitances 

0056 6. A detector, which comprises circuitry com 
prising Said impedances and adapted to operate at 
respective frequencies to approximate the imped 

CCS. 

0057 7. A detector, wherein said impedances com 
prise components having respective resistances to 
approximate the impedances. 
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0058 8. A detector, which comprise a plurality of 
Sensor pads and at least two multiplexers arranged in 
Series to lower capacitance loading of the Sensor 
pads. 

0059) 9. A detector, which comprises a plurality of 
Sensor pads and a Synchronous demodulator 
arranged to be connected as a tracking filter to track 
the frequency of a capacitance-measuring Signal 
from one to another of the Sensor pads, e.g. during a 
Scan thereof. 

0060 10. A detector, which comprises means to 
improve the Selectivity of capacitances taken into 
account to determine touch detention. 

0061 11. A detector, which comprises a multiplexer 
and a buffer and means adapted to connect part of the 
multiplexer other than its channels to an output of the 
buffer. 

0062 12. A detector, wherein said multiplexer part 
comprises power Supply rails of the multiplexer. 

0063 13. A detector, wherein said multiplexer part 
comprises a control port of the multiplexer. 

0064. 14. A detector, wherein said multiplexer part 
comprises a chip Substrate of the multiplexer. 

0065. 15. A detector, which comprises a sensor pad, 
a shield for the Sensor pad and means to apply a 
frequency signal to the Sensor pad for touch detec 
tion and apply to the shield a signal of Substantially 
the same frequency, amplitude, phase and shape as 
the Said frequency signal. 

0066. 16. A detector, wherein the shield signal 
applying means are adapted not to control the d.c. 
level of the Signal applied to the shield. 

0067. 17. A detector, which comprises a sensor pad 
and means to charge the Sensor pad and measure its 
charging rate. 

0068. 18. A detector, wherein the charging and mea 
Suring means are adapted to charge the Sensor pad 
with a constant current for a fixed time and measure 
the Voltage achieved. 

0069 19. A detector, which comprises means to 
recognise a time profile of capacitance change 
indicative of a touch to be detected. 

0070 20. A detector, which comprises means to 
detect a Snap effect in a time profile of capacitance 
change indicative of a touch to be detected. 

0071. 21. A detector, which comprises means to 
enhance a time profile of capacitance change indica 
tive of a touch to be detected. 

0072 22. A detector, wherein said enhancing means 
comprise means adapted to enhance a Snap portion of 
Said profile. 

0073 23. A detector, wherein said enhancing means 
comprise means adapted to correct a base line of Said 
profile. 

0074 24. A detector, wherein said enhancing means 
comprise means adapted to correct the maximum 
amplitude of Said profile. 
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0075 25. A detector, which comprises means to 
provide an adaptive pattern match to a time profile of 
capacitance change indicative of a touch to be 
detected. 

0076 26. A detector, which comprises sensor pads 
and means which, upon the occurrence of Signals 
indicative of touch detection from a plurality of the 
Sensor pads, produce a signal indicative of a touch 
position among the Sensor pads. 

0077 27. A detector, which comprises means for 
Serially Scanning Said Sensor pads to obtain Said 
Signals indicative of touch detection. 

0078 28. A detector, which comprises means for 
normalising Said Signals indicative of touch detec 
tion and adding the normalised signals to obtain Said 
Signal indicative of a touch position. 

0079 29. A detector, which comprises means for 
palm rejection. 

0080) 30. A detector, which comprises means for 
interpolation from an array of activated Sensor ele 
ments to determine a mean position of touch. 

0081 31. A detector, wherein the interpolation 
means are effectively Self-calibrating. 

0082 32. A detector, wherein the interpolation 
means are adapted to effect interpolation by a geo 
metrical method. 

0083) The words “sensor” and “detector” are used inter 
changeably herein. 
0084. According to an aspect of the invention a controller 
is connected to a number of pads or capacitive Sensing Zones 
by way of buffered multiplexer chipS and, Shielded connec 
tors and cables. The buffered multiplexer chips can be 
cascaded in Series or wired in parallel and are driven from 
a level translator which can in its simplest form comprise a 
resistor and capacitor network but should preferably com 
prise active elements. This ensures that the base Voltage on 
(the Voltage first applied in a halfwave to) a Sensor pad is 
also applied to its shield and various parts (e.g. power Supply 
rails, control port, chip Substrate) of its associated multi 
plexer/S. The Signals derived from this electronic Scanning 
array are then further processed by a Signal processor 
incorporating a microprocessor. The improvements made 
which constitute this invention relate to obtaining and pro 
cessing the Signal both in the analogue and digital domains 
which allow more reliable touch detection. 

0085. With prior keypads, each comprising an array of 
Sensor pads, each Sensor pad is capable of detecting the 
proximity of a finger in a continuously increasing manner, 
Starting from say one inch (2 cm) away all the way up to 
contact. For use as a keypad we currently Set a simple 
“threshold level” so that when the finger is closer than a 
certain point a key-press is indicated. However, we also can 
use the detailed information from Several Sensor areas 
Simultaneously to “interpolate' the position of a finger in 
two or three dimensions to a much finer resolution than, Say, 
a 4x4 Sensor pad matrix in a keypad. This is done in a digital 
manner but could be done in an analogue manner. 
0086 There are a number of sensor array patterns which 
lend themselves to providing the opportunity to interpolate 
additional resolution between Sensor pads. These fall into 
three main categories. 

Petitioner Samsung and HP Ex-1007, 0018



US 2003/OO67451A1 

0087 1. Single surface arrays of pads printed on one 
Sensing layer where the pattern is fundamentally 
Symmetrical. For example, Square arrays of pads or 
hexagonal arrays of circles. 

0088 2. As above but where the array is asymmetri 
cal Such as the Backgammon grid. 

0089. 3. Dual surface sensors where two orthogonal 
arrays are printed on two different layerS and Sand 
wiched together. The top layer must provide gaps 
through which the bottom Sensor can See. A preferred 
embodiment of a construction method for an 
orthogonal Screen is described with the aid of dia 
grams in FIGS. 23-24. 

0090 We now describe the location geometry for a single 
Surface Symmetrical array. 
0091 Simplified location geometry. See FIG 8. Since Xa 
(offset) and S (Sensor spacing) are known, using simple 
Pythagorean law and Solving for Xf (finger position hori 
Zontally) we have 

0092. This form of calculation generalises into two 
dimensions. Using Similar trigonometric principles, and 
assuming the thickness dimension Z (of e.g. glass, dielectric 
constant 4, assumed normalised to the corresponding thick 
ness of air, dielectric constant 1, by a factor of 74) is a 
constant we have for instance: 

0.093 For a hexagonal array, e.g. see FIG. 9, 

a-b+s? o 
f = — a cos 30 + xa 

0094) although this calculation can be done by several 
alternative methods. 

0.095 However, things are not that simple. The sensor 
response is not, in fact, linear with distance. It follows a law 
approximating to 

1 
where 1 < n < 2 

distance' 
response = 

0.096 or in more practical terms this can be considered as 
follows. Interpolation of touch position for capacitive Sensor 
pads can be improved by calibration, by normalising/equal 
izing the capacitance detected from each Sensor pad and/or 
by utilising a (third) dimension angled (e.g. perpendicular) 
to the area containing the Sensor pads. Capacitance is related 
to the distance between finger (tip) and sensor pad by a 
non-linear equation: 
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C C 
capacitance = k1 d + k2 42 

O097 

0098) 

where 

a=effective area of finger and 

0099) d=distance from finger to sensor pad 

0100 and may be determined on calibration by creating 
a digital “look-up” table (corresponding to a graph) by using 
a standard "finger tip” (a plate). In the equation, the dimen 
Sion a is the area of a flat plate having the same capacitance 
effect as the curved finger tip. 

0101 This is then further complicated by the glass/air 
interface and the fact that human fingers are not uniformly 
Spherical metal objects-they are possessed of variable 
shape, croSS-Section and conductivity. The resulting non 
linear equation can be used to linearise the position of the 
finger or in a microprocessor the relinearisation mapping can 
be stored as a lookup table in a digital memory, e.g. an 
EPROM or EPROM, usually after calibration with a test 
"finger' (equivalent plate) in various positions when the 
keypad is in Situ e.g. on a window. 

0102) A preferred embodiment of an interpolation 
method is described with the aid of FIG. 25, as applied to 
providing means for interpolation from an array of activated 
Sensory elements (the said Sensor pads). 
0103 Palm Rejection 

0104. The grid of row and column wires is affected 
dramatically by the touch of a finger due to the capacitive 
Snap effect as air is excluded from under the finger tip. 
However the palm and knuckles, even though they are a 
considerable distance from the finger tip, are large and will 
have Some effects on the rows and columns of the grid. 
Unfortunately due to the asymmetric nature of the human 
hand the palm is generally offset from the centre of the finger 
tip and therefore introduce an error in the calculated posi 
tion. 

0105. In general, since the effect due to the finger tip is 
localised to two wires while the palm affects many wires at 
a distance a means of determining pain, offset can be found 
by using more wires in the grid. 

0106 Asimple way of determining palm effect is look at 
the Second adjacent wires i.e. two away from the most 
touched wire rather than one away from the most touched 
wire and calculating a linear interpolated position as 
described above. This method produces a new estimated 
point offset from the first adjacent point by an amount 
proportional to the palm effect. This offset can be multiplied 
by a known constant and used to correct the estimated 
position. In practice, this method Suffers from noise as well 
as only being valid in the centre of the grid. There are 
however more generalisable Solutions to this problem which 
are described below. 

0107 Firstly, a solution of simultaneous equations: In the 
linear interpolation problem above, two data points are used 
to find two unknowns namely m and c in a generalised 
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y=mX+c description of a Straight line. Once this Straight line 
is known, a third data point X is introduced and Solved for 
y. Increasing the number of unknowns by one, i.e. the palm 
offset, can be compensated for by increasing the number of 
data points and Solving the appropriate Simultaneous equa 
tions. Solving these in a general way on a Small micropro 
ceSSor is generally too time consuming. 
0108) Secondly, one general solution to the above prob 
lem is not time consuming: that is to find the weighted mean 
(centre of gravity) of all the wires in the grid. This weighted 
mean can then be Scaled to represent a position on the grid. 
Since this weighted mean is calculated using all of the wires 
on the grid it will be more affected by the palm than a 
method using only two or three wires on the grid. The 
difference in estimated position between the two methods is 
then a function of the effect due to the palm and can be 
applied to the leSS affected measure of position to more 
accurately locate the point of touch. 

X. (eachweight X its value) 
ighted weightednean XE (each value) 

0109) A preferred embodiment is explained below with 
the aid of diagrams in relation to FIGS. 26 and 27. 
0110 Generalisation of the Above 
0111 Of course any part of the human anatomy or indeed 
any Substance or object might be Substituted for the human 
hand and these aforementioned methods applied to deter 
mine their position and or collision with a Sensing plate. 
0112 The methods described in this specification for 
finding a position are usually described for the X dimension 
using the columns in an X,Y grid. It is clear that by 
Substituting rows for columns the position in Y can be 
determined. 

0113. The description refers to a small (i.e. low cost) 
microprocessor but could be generalised to any form of 
digital logic, ASIC, neural network and So on, or a Small 
portion of the duty cycle of a larger processing unit. 
0114 Advantages of Embodiments of the Invention 
0115 Because the shield is driven with a very high 
fidelity, long cables can be employed which have a high 
co-capacitance (between sensor pad and shield) without 
Seriously degrading the Signal. 
0116 Well shielded wires can be employed which 
reduced emission and Susceptibility to electrical interfer 
CCC. 

0117 The buffering/bootstrapping of many parts of the 
multiplexer chip allows a large number of Series or parallel 
multiplexers to be employed. 
0118 Reduced static sensitivity can be achieved by a 
number of Signal processing techniques in both the analogue 
and digital domains. FIG. 5 shows Some processing meth 
ods in the digital domain, while FIG. 30 shows some 
techniques to remove Static Sensitivity in the analogue 
domain. 

0119 Finally, techniques within the interpolation algo 
rithm can be used to make the interpolation as a differential 
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calculation that assists in the removal of common mode 
interference Such as Static impulses. 
0120 Reduced frequency lockup when a high voltage 
interfering Signal is present, Such as near a monitor, is 
accomplished by running the detector circuit at a frequency 
which is not harmonically related to that of the noise Source. 
0121 A preferred embodiment of a dC/dT touch-down 
detection method, otherwise referred to as the 'snap effect 
or the deltaT method, is described below with the aid of the 
diagrams in FIGS. 20-22. 
0122) The benefits of the deltaT method are: 

0123. It is relatively immune to the absolute starting 
and finishing capacitance values and So needs little 
calibration. 

0.124. The touch point is generated by the change 
from the rapid increase in the capacitance of the 
finger as the Soft tissueS of the finger pad compress 
and Slow speed of capacitance increase as the bony 
parts of the finger Start to preSS. This change is 
Similar for big and Small hands and light and heavy 
touches, So the perceived touch point is Similar for all 
USCS. 

0125. In relation to FIG. 25 there is described a method 
of linear interpolation for an orthogonal grid. The benefits of 
this method of linear interpolation are: 

0.126 The interpolated position is derived by taking 
a proportion between two averages. Noise present on 
one line tends to be present on all lines. Therefore the 
proportional calculation being differential is immune 
to common mode noise. 

0127. The use of averages in the proportional cal 
culation helps Smooth out any random error. 

0128. The end points are defined by crossing points 
of actual data taken in real time rather than any 
pre-calibrated/stored value So variations in ambient 
conditions and the nature of the touch are taken into 
account in real time. 

0129 
0.130. In principle, pads can be of many different sizes 
and materials but it is important to bear certain fundamental 
physical limitations in mind with reference to pad size and 
cable length. This can be Summarised in the general prin 
ciple that the “obscuring capacitance due to these must not 
outweigh that being measured and preferably should be 
much less. AS disclosed herein, various means are used to 
back off or make ineffective Such obscuring capacitance. 
0131 Important Dimensional Considerations for an 
Orthogonal Touch Screen are: 
0.132. It is desirable to minimize the number of sensor 
Zones but this would tend to force them to be as large as 
possible. However, if they are wider than approximately 2-3 
average finger widths, interpolation data are Seriously 
impaired as there ceases to be much change in data in the 
central region of the Zone. Therefore, a Sensing column 
designed to give information regarding the X position of a 
finger should be no wider than 30 mm. Its length can be the 
appropriate dimension to the Viewing area. 

Important Dimensions: 
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0133. The column and row areas should be separated by 
as Small a distance as possible to reduce the Shielding effect 
of one layer on another. However to Small and the coupling 
capacitance between layerS reduces independent orthogonal 
information. A separation of 0.25 min has been found to be 
optimal. 

0134) Applications of the Invention: 
0135 The aforementioned improvements can be applied 
to a number of areas including: 

0.136 Capacitive pads connected to a controller by 
wire 

0137 Keypads 

0.138 A major application of the invention is to a 
touch Screen. 

DESCRIPTION OF THE DRAWINGS 

013:9) The invention will now be further described by 
way of example with reference to the accompanying draw 
ings, in which: 
0140 FIG. 1 is a diagram of touch pad arrangement 
embodying the invention; 
0141 FIG. 2 is a diagram of electronic arrangement 
embodying the invention; 
0142 FIG. 3 is a diagram of touch arrangement embody 
ing the invention; 
0143 FIG. 4 is a diagram of snap “effect” of capacitive 
touch-down detection embodying the invention; 
014.4 FIG. 5 is a diagram of a static reduction algorithm 
embodying the invention; 
014.5 FIG. 6 is a diagram of transparent pad construction 
embodying the invention; 
0146 FIG. 7 is a diagram of multiple sensor detection 
embodying the invention; 
0147 FIG. 8 is a diagram of simplified location geom 
etry embodying the invention and showing mathematics of 
multiple Sensors; 
0148 FIG. 9 is a diagram of hexagon grid embodying the 
invention; 
014.9 FIG. 10 is a diagram of orthogonal wires embody 
ing the invention; 
0150 FIG. 11 is a diagram of geometry of hexagon grid 
embodying the invention; 
0151 FIG. 12 is a diagram of transparent pad connection 
to multiplexer embodying the invention; 
0152 FIG. 13 is a diagram or shielding effect of buffer 
embodying the invention; 
0153 FIG. 14 is a diagram of touch process embodying 
the invention; 
0154 FIG. 15 is a diagram of field around sensor pad 
embodying the invention; 
O155 FIG. 16 is a diagram of use of sensor pad embody 
ing the invention; 
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0156 FIG. 17 is a diagram of charge-discharge cycle of 
Sensor pad embodying the invention; 
O157 FIG. 18 is a diagram of impedance-matching cir 
cuit embodying the invention; 
0158 FIG. 19 is a diagram of response path upon use of 
a touch detector embodying the invention; 
0159 FIG. 20 is a graph of the capacitances versus time 
Seen by an array of Sensing Zones as a finger approaches and 
touches on one of the Zones, 
0160 FIG. 21 is a as above but for the rate of change of 
capacitance, 

0.161 FIG. 22 is a graph of the contents of the accumu 
lators over time for the same touch as 21 & 20 above; 
0162 FIG. 23 is a general arrangement drawing for a 
touchscreen using orthogonal Sensing elements on two Sur 
faces, 
0163 FIG. 24 is a detail from one layer of the general 
arrangement drawing above; 
0.164 FIG. 25 is a graph of the capacitance with time of 
a number of Sensing Zones as a finger is dragged across the 
Screen, 

0165 FIGS. 26 and 27 are plan and elevation diagrams 
of a finger and hand showing palm rejection; 
0166 FIG. 28 is a diagram of a single surface asym 
metrical Sensor arrangement backgammon grid; 
0.167 FIG. 29 is a drawing of an etch pattern more 
appropriate to the laser etching of glass Sensors, and 
0168 FIG. 30 is a circuit diagram of the electronic 
components arranged around a buffer in order to reduce the 
effect of noise. 

0169. Referring now to the Figures, the numeral refer 
ences are individual to each Figure, So that the same 
reference in two different Figures does not denote any 
relationship between the items So referred to, unless this is 
Specifically So Stated. 
0170 FIG. 1 shows a series of backlightable pads 102, 
placed behind display artwork 101, which is mounted in a 
shop window. When a person touches the outside of the 
window 103 the change in capacitance of the pad is detected 
by the controller 104 and a relayed to the computer by way 
of a serial link 105. 

0171 FIG. 2-shows the arrangement of the signal pro 
cessing electronics. A control means 106 Sets an oscillator 
107 to oscillate at a frequency F. The frequency is fed to a 
Flip/flop 108 which divides the signal on alternate cycles 
thus generating a quadrature output. An optional phase delay 
110 is introduced to the 90 degree signal. This matches the 
Sensor RC circuit phase delay to optimise the Synchronous 
demodulation. The original signal is connected to the Sensor 
118 via a high value resistor and one or more buffered 
multiplexers 115, 116. These multiplexers may be located in 
proximity to the control means or addressed via a remote 
logic 119. The Squarewave frequency signal charges and 
discharges the plate through the high value resistor. The 
Signal Seen on the other Side of the resistor is approximately 
a Sine wave except that the finite frequency response of the 
buffer 109 rounds the ends so that an almost sinusoidal 
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Signal is actually present. AS the capacitance of the plate 
increases the peak of the triangle/sine wave Signal decreases 
in amplitude. A one to one buffer 109 returns this amplitude 
variable signal to a cojacent buffer thus removing unwanted 
Stray capacitance from the measurements. The elements 111, 
112, 113 form a standard synchronous demodulator which 
provides a demodulated output to a analogue to digital 
converter 114 which can be read by a microprocessor, not 
shown. 

0172 FIG. 3-shows in schematic form the equipment 
lines 121 formed when a earthed finger 120 approaches a 
Sensor pad 122 in the presence of a cojacent buffer 124. An 
insulating layer of finite thickneSS 123 Separates Sensors 
from the coacent buffer plane. The diagram represents the 
lines of equal Voltage at a given moment in time T. The 
degree to which the lines are compressed gives a graphical 
indication to the capacitance Seen by each pad. Each pad, at 
positions 125, 126, 127, 128, 129 is affected to some 
(usually different) degree by the finger placed at 131. A 
Software algorithm can make use of the adjacent pads to 
interpret information about the size and shape of a touching 
object. For example in the case of a drawing application a 
user could, draw with their finger and rub out with the flat 
of their hand. 

0173 FIG. 4 shows a graph of two related variables: 132, 
133, position/distance against time for a finger touching a 
hard Surface and the capacitance of a Sensor arrangement as 
it is touched by a finger. The normal capacitance of an 
untouched sensor rests at the baseline. Due to the buffer this 
baseline represents a very low capacitance. As the finger 
approaches the capacitance rises and due to the dielectric 
discontinuity at the glass the capacitance rises dramatically 
at the point of touch (giving the Snap effect in the shaded 
region) as air is excluded from between the finger and the 
Sensor and the finger flattens against the glass. 
0.174 FIG. 6-shows a novel construction for a trans 
parent backlightable pad. The pad itself is simply con 
Structed from a Single sheet of glass with transparent con 
ductive surfaces on top and bottom 163. It is desired to 
connect a piece of coaxial cable 165 to the glass but at the 
Same time making one Surface completely flat So that it can 
be placed behind and uniformly pressed up against a piece 
of translucent artwork. In order to do this a small notch 161 
into which the centre wire will be placed is cut in the top 
surface of the glass at the edge. A “frit' pattern 162 is 
deposited acroSS this notch which comprises a Small and 
extremely thin Section of Silver-loaded paint. A Solder bond 
can then be made in the notch 161 such that it is not higher 
than the Surface of the glass. A Solder joint is made for the 
braid 164 to the rear in the same way but omitting the notch. 
0175 FIG. 7-shows schematically a finger about to 
touch a glass plate with a Series of capacitive Sensors on the 
underSide. The distance between the finger and each Sensor 
relates to the capacitance according to Gauss's law. 
0176 FIG. 8. The capacitive analogue of the distance 
between Several Sensors can be ascertained and converted to 
distances a, b and c. Using Standard trigonometrical calcu 
lations the position of the finger in the X and y planes can be 
determined. These calculations easily translate to three 
dimensions. 

0177 FIG. 9-shows one of many possible arrange 
ments of Sensing elements. In this case in a hexagonal 

Apr. 10, 2003 

pattern of Sensors each Sensor connection back to one of the 
channel of multiplexer input. Many other shapes are pos 
Sible, for example, Orthogonal patterns of Squares or other 
shapes, crossing matrices of wires or any other three dimen 
Sional arrangement of Sensors. 
0.178 FIG. 10-shows an array of orthogonal wires. 
Each wire is independently addressable through a multi 
plexer arrangement. The capacitance of each wire changes in 
the presence of a finger giving an X and Y co-ordinate for 
the touch point. Due to the buffer the field from each wire 
is linearised and background capacitance is removed. The 
removal of this background capacitance is of benefit as the 
Subsequent detection of the finger has a far greater effect on 
the wire and also establishes the Snap characteristic of touch 
detection. 

0179 FIG. 13–The buffer has three shielding effects 
due to its low impedance output; 

0180 1. Because the buffer is interposed between 
the electronics and the Sensor the Sensor electronics 
are shielded against interference. 

0181 2. Because the buffer reduces the background 
capacitance the wanted Signal is larger than the 
general noise within the circuit therefore circuit 
noise has less of an effect on the Signal. 

0182. 3. It is believed that RF interference imping 
ing on the Sensor plane is Shorted to earth by the 
buffer plane and therefore the maximum excursions 
of noise on the Sensor plane are limited. 

0183 The four contributors to the “Capacitive Snap” 
effect: 

0.184 1. The buffer increases overall sensitivity 
Subtracting the background capacitance. 

0185. 2. The buffer increases local sensitivity by 
concentrating the field in a particular direction. How 
ever this effect is rather like a dipole as described in 
most physics books and at a great distance the Sensor 
field spreads out uniformly. 

0186 See FIG. 14. 
0187 3. The dielectric discontinuity caused by the 
air glass interface and the fact that the dielectric of 
glass is approximately 4 times that of air means that 
as the touch is made and the final millimetre of air is 
excluded from the gap the capacitance rises dramati 
cally. In the case of a 4 mm thickness of glass and a 
1 mm air gap closing the last millimetre increases the 
capacitance by a factor of 2. 

0188 4. As the finger squashes on the glass the 
shape of the finger changes from that approximating 
a sphere to that approximating a flat plane. This 
causes the capacitance to rise by another factor of 2. 

0189 So, for objects a long way from the sensor (>10 
diameters of "lumped” Sensor pad or longer than the linear 
dimension of a wire), the buffer field effectively wraps round 
and Shields the Sensor. 

0190. For objects close to the sensor for an apparent 
movement of 1 mm the capacitance has risen by a factor of 
approximately 4. 
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0191) See FIGS. 15 and 16. 
0192 A key difference between the GB 2,250,822 patent 
and this application relates to the use of different (but not 
variable) frequencies for each key. The impedance of the 
high value register and the impedance of the capacitor 
formed by one's hand and the glass need to the approxi 
mately equal for optimum touch detection. Since the imped 
ance of a capacitor is frequency variable changing the 
frequency balances these two impedances. 

0193 See FIGS. 17, 18, 19. 
0194 FIG. 20 shows a graph of a very slow touch. The 
X axis shows capacitance with low numbers indicating 
higher capacitance and the Y axis shows time where each 
unit represents a time interval of approximately 12 mS in 
which 16 elements are Scanned Sequentially. The lines on the 
graph represent the output of two sets of 8 Scanning elements 
arranged orthogonally as described in relation to FIG. 10 
being Scanned in quick Succession. The graph is split into 3 
portions 271,273 & 274. Portion 271 is the slow approach 
of the finger. Portion 274 represents the part of touch after 
the finger has touched down. Note the Sudden change of 
slope between portions 271 & 273 which is the capacitive 
Snap as the air is excluded from between fingertip and glass. 
The final portion 274 is the release of the finger. The most 
affected element and Second most affected in the array are 
Signified by the two lowest lines measured in the midportion 
of the graph 272. These two lines represent the X and Y 
Sensing elements respectively. If touching on an interSection 
of two XY grids, these lines will be coincident, or almost so. 
However, if one line (e.g. X) is touched dead centre and one 
line (e.g. Y) is touched off centre, then the dead centre line 
will be affected the most. This proportionality of effect is 
used to provide interpolation as explained later. 

0.195 FIG. 21 shows the rate of change of capacitance 
with time, dC/dT on the same time scale as FIG. 20. The 
numeral references correspond to those described above for 
FIG. 20. It can be seen from this graph that simply attempt 
ing to locate the maximum rate of change indicated by the 
capacitive Snap effect is not a very Successful way of 
detecting touch down as the noise almost Swamps any 
absolute measurements. 

0.196 FIG. 22 shows the accumulator method in action. 
An accumulator is a memory element which holds the Sum 
of the number input to it. While the rate of change of value 
of a particular wire is greater than a certain threshold this 
rate of change is added to its accumulator: portion 281 of the 
graph. When the rate of change drops below the threshold 
the accumulator is reset to Zero: portion 282 of the graph. If 
the accumulator was greater than a certain level when it was 
reset to Zero and it was the biggest accumulated value at that 
time then a touch down is reported, otherwise all accumu 
lators continue to accumulate as before. If a Second slightly 
higher threshold is exceeded then the delta Values are 
weighted more greatly (typically doubled). Thus touchdown 
is reported when: 

0197) 1. The rate of change slows down (the finger 
is stopped by the glass.) 

0198 2. After there has been a substantial change in 
capacitance above the noise threshold. (The finger 
has moved in towards the glass rapidly.) 
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0199 3. The wire which registered the sudden slow 
down registered the biggest reading at that time. 

0200) Note the accumulator registers nothing for lift off 
and So contains no information relating to the release. 
0201 FIG. 23 shows the general arrangement or a touch 
Screen formed from two sets of 8 orthogonal capacitive 
Zones formed by etching a transparent conductive sheet. 
These Zones are labelled 301 to 308 and 327 to 320 in the 
Figure. The sheets are Stacked in layerS as follows: row layer 
314, column layer 315, rear shield 316. The layers are glued 
together with additional stiffening layers 317 and printed 
graphics layerS 318. Each capacitive Sensor Zone, for 
example the cross hatched Zone marked 319, is formed from 
a number of thin strips shown at 312 & 313 (approx 5 mm 
wide) with gaps between (approx 5 mm wide), electrically 
connected together at each side of the Screen and then to 
wires 309 which are formed from conductive silver track 
and lead back to an edge connector. A 16 channel capaci 
tance measuring device (not shown) is connected to the edge 
connector. Since the aspect ratio of a television Set or 
computer monitor is 4:3, the column Zones are divided into 
four strips and the rows into three strips. This division ratio 
maintains constructional Symmetry. The columns and rows 
are on separate sheets of material 314 & 315 and stacked 
together. The main reason for Splitting the columns in thin 
Strips is to provide gaps through which the row Sensors can 
detect the finger. If the columns were not split up they would 
completely shield the rows and no information would be 
picked up. The rows are split Simply to balance up the 
unetched area and therefore the capacitance of the roWS and 
columns. 

0202 FIG. 24 shows the column layer alone. 
0203 FIG. 25 shows the data derived from a set of 
capacitive columns and used for applying linear interpola 
tion. The graph represents the capacitance measured from a 
Series of wires as a finger is moved from left to right acroSS 
the Screen. The X axis of the graph is time & distance, where 
each unit represents approximately /100th of a Second or 0.25 
mm. The Y axis gives a measure of the capacitance (mea 
sured by the 10 bit A/D converter of a microprocessor.) A 
Series of 8 capacitive Zones (columns) are represented as 
points upon the graph which form bell curves as illustrated 
by 511 along with two averages 507 & 508 which form 
flattened bell curves. 

0204 Each capacitive Zone increases its response as the 
finger moves from near it on one Side, to dead centre, to far 
away (in the other side, in a curve 501-503 approximating an 
upturned bell curve as illustrated by 511. Due to the arrange 
ment of the Zones in close proximity to each other, these bell 
curves overlap one another. At a particular moment in time, 
placing a vertical line through the graph (vertical lines 
504-506 & 510) gives the information known to the micro 
processor at that time. Because the graph describes a finger 
Swiped across the grid, each unit on the X axis not only 
represents a moment in time but also a distance. 
0205 The object is therefore to take a set of n data points 
(8 in this embodiment) at a moment in time and determine 
where they must come from in terms of the distance acroSS 
the grid. The graph can be a little misleading in that normally 
time and distance are not synonymous. In general the touch 
is at Some random time and we desire to determine the 
distance using only the 8 points from a particular Slice of 
data, 
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0206. There are two broad methods of doing this: either 
a pattern match to the nearest candidate among Stored data 
or a geometrical method. The pattern match requires either 
a large data set or a neural network Style approach, both of 
which are Successful but computationally expensive. If the 
geometry of the object and Sensor array are simple, then the 
geometrical method lends itself to implementation on a 
Small microprocessor. In the case of an outstretched finger 
and an orthogonal rectangular array, the geometry is rela 
tively straightforward. The geometrical method lends itself 
to being effective with little or no user calibration, so that 
effectively it is a self-calibrating method. Since the effective 
calibration operates for each preSS, it is effectively a 
dynamic Self-calibration. 
0207 Take the existing graph as a representation of the 
effect on each wire at Virtually every point across the grid. 
Now take n points of data from a vertical line chosen at 
random, the sample line 510 for example. The position 
determination and interpolation is performed in X & Y 
independently as follows. 

0208 1. The most pressed column 302 is found 
using the existing deltaT method (explained in rela 
tion to FIGS. 20-22). This places the touch at a 
position somewhere between positions 304 & 306, 
i.e. when the value on wire 302 is largest. 

0209 2. The second most pressed column is then 
found by comparing the value on the Wile adjacent in 
the most pressed column, i.e. the magnitude of the 
bell curves 501 & 503 at the intersection with sample 
line 510. This will put the touch point somewhere to 
the left or right of line 505. In this example the point 
must be to the left as 501 is greater than 503 at the 
intersection with the sample line 510. 

0210 3. The touch point is then known to be some 
where between the lines 504 and 505. These are the 
crossing points of curves 501 & 502 and curves 501 
& 503 respectively. We compute the average mag 
nitude of curves 501 & 502, giving curve 508, and 
the average magnitude of curves 501 & 503, giving 
curve 509. These curves are particularly useful 
because between the lines 504 & 505 the value on 
curve 501 is greater than the average 508 and less 
than the average 509, Also, at the line 514, the curve 
501 is equal to curve 508 and at the line 505 the 
curve 501 is equal to curve 509. 

02.11 4. The proportion of curve 501 relative to the 
two average curves 508 & 509 is therefore some 
function of the distance between the two lines 504 & 
505. This function can be determined either experi 
mentally, and then programmed into a look up table, 
or mathematically, and then applied to the raw data 
to compute the position, At a first pass, a linear 
relationship generates a reasonable interpolation of 
position with Some improvement generated by using 
a quadratic function or a Series of Straight line 
Segments approximating a quadratic function. 

0212 FIGS.26 and 27 show in plan and elevation a hand 
604 with outstretched finger 605 on a touch screen 606 and 
the apparent positions calculated by two algorithms-geo 
metric 602 and weighted mean 603. With the palm and 
knuckles a long distance back from the Screen, both algo 
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rithms give Similar touch coordinates near to point 601. 
When significant palm effect is introduced (the hand brought 
very close to the Screen as the Screen is touched), the 
geometric algorithm moves about 5%, i.e. to point 602. The 
centre-of-mass algorithm gives a bigger offset moving to 
point 603 for the same degree of palm introduction. Thus, by 
calculating the difference between these two calculated 
positions 602 & 603, an estimate of the true touch position 
601 is obtained. Means effecting this calculation thus serve 
for palm rejection. 
0213 FIG. 28 is a diagram of a single surface asym 
metrical Sensor arrangement backgammon grid. The Single 
conductive Surface represented by the rectangle is cut into a 
Series of triangles by cut lines acroSS the Surface. Thus, the 
Surface is cut into areas 621-628. Position in X can be 
determined by considering sensor Zones 621-622, 623-624 
etc as a Single approximately rectangular Zone and using 
interpolation as described before to determine position. 
Position in Y can be determined by comparing the effect 
between even numbered and odd numbered Zones. Errors are 
introduced by the complex geometry of the grid and an 
iterative approach is required to find an accurate position on 
the grid. 
0214 FIG. 29 is a drawing showing a general arrange 
ment for laser etching the coating from electrically conduc 
tive glass 701 to form the column layer as described in 
relation to FIG. 24 without introducing unwanted capacitive 
coupling. In the FIG. 24 arrangement, the gaps in between 
lines were chemically etched to remove the entire material 
and provide holes for the rows to sense through. The 
preferred glasses for construction are not easily chemically 
etched and So a laser is used. A laser is unable to remove 
large areas, being fundamentally designed to cut lines. The 
gaps between Sensors are first cut away with long lines 702. 
Although this removes them from the general material of the 
front Sensor it leaves long floating Strips of material which 
tend to couple all the row Sensors together. These rectangles 
are therefore further cut by making cross cuts 703. Thus, 
although the rows capacitively couple to these Small areas, 
they do not then couple to other rows, and crosstalk is kept 
to an acceptable level. 
0215 FIG. 30 is the circuit diagram of an improved 
capacitance detection means more able to differentiate noise. 
A capacitive sensing plate 801 and buffer plate 802 are set 
to measure the capacitance of a finger. Noise Sources V1,V2 
& V3 impinge upon these plates erroneously triggering the 
detection means. A number of beneficial modifications have 
been made compared with the circuits disclosed in previous 
patents to limit the excursions of the circuit due to these 
noise sources. D1, D2 & R3 form a clipping circuit which 
limits the Voltage excursions on the buffer to one diode drop 
of the mean point. Thus the energy content of high Voltage 
Static Spikes and monitor noise impinging upon the Sensor or 
buffer are dramatically reduced, Resistors R1 & R3 provide 
a DC path through which static on the sensor plate 801 can 
be continuously discharged to ground OV regardless of the 
State of the Switch S1. In a Scanning System, Static charge 
building up on the sensor plate 801 which is able to 
overcome the bleed-off resistor R1 is connected into the 
buffer from time to time via a voltage controller switch S1 
which is an integral part of the multiplexer 803 (MUX). 
CapacitorS C1 & C2 provide a block to this charge, thus 
avoiding any disturbance of the DC operating point of the 
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buffer X1. In this circuit, the buffer is capacitively coupled 
to the sensor plate 801 (and into the detector generally) and 
thus makes no attempt to follow any DC or low frequency 
excursion of the buffer. This makes the circuit intrinsically 
immune to noise away from the operating frequency. 
0216) The main differences between these techniques and 
the prior art are: 

0217 Detecting and responding to touch using Sig 
nal processing means So arranged as to differentiate 
between an unwanted Signal and a touch caused by 
a user with output means So arranged as to give 
immediate video and/or audio tactile feedback. Said 
Signal processing means comprising: a detector Sen 
Sitive to changes in the capacitance of a Sensor by 
detecting the current/voltage/phase change acroSS an 
impedance connected to a varying Signal, and the 
Signal present on the Sensor feed back through a 
finite frequency response buffer amplifier to one or 
more shield planes including the Substrates of any 
chips within the Sensing chain. 

0218 Signal processing means So arranged as to 
differentiate between a deliberate touch and noise or 
an unwanted touch by reference to many Sensors. 

0219. Signal processing means So arranged as to 
differentiate between a deliberate touch and noise or 
an unwanted touch by reference to the capacitive 
analogue of the distance, Speed and acceleration of 
the touching object. 

0220 Signal processing means So arranged as to 
immediately, within <50 mS, indicate to the user the 
detection of their touch via the flashing or turning on 
of a light or Similar optical change through the touch 
detection Sensor. 

0221) Artwork and detection means placed behind a 
window and So designed as to present the user with 
one or more touch Zones which are operable through 
that window and upon touching cause a reaction. 

0222 One or more sensitive pads connected via 
Shielding means to a control means which detects the 
touch of a human finger on the pad through that 
window and via the control means generates an 
electrical Signal which can operate equipment. 

0223 Same where the pad is made from transparent 
material So that the artwork can be backlit through 
the pad or So that an image can be seen through the 
pad. 

0224 Same where the pad is made from a translu 
cent and optionally coloured material that provides a 
degree of light diffusion Such that the back light is 
evenly distributed across the artwork. 

0225. Same where the pad is made from a grid or 
mesh of conductive elements Such that it is partially 
transparent/translucent. 

0226 Same where the controlling electronics is 
implemented by utilising a means of applying an 
oscillating Signal of a particular frequency onto a 
plate via a high value resistor and monitoring the 
Signal after the high value resistance with an ampli 
fier and synchronous AM demodulator. 
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0227 Same where the amplifier means provides a 
buffering Signal which varies in Synchronisation with 
the Sensor Signal and is applied to a number of 
guards. 

0228 Same where the guard element includes a 
multiplexing element. 

0229 Same where that multiplexing element is con 
trolled by way of a level translator means such that 
the buffer is always operating within it design param 
eterS. 

0230 Same where a plurality of multiplexers is 
connected in Series Such that each multiplexer is 
buffered. 

0231. A system so arranged that multiplexers are 
controlled through a Serial interface Such that an 
interposed Serial to parallel decoder determines 
which multiplexer line is connected to the Sensor 
input. 

0232 Same in which coaxial cable and coaxial 
connectors are used throughout to provide the 
Shielded means of collecting Signals from the Sen 
SOS. 

0233 Same where a high value resistor is placed 
front the Sensor to a low impedance point in the 
circuit So that Static accumulating on a Sensor can 
find a path to ground. 

0234. A mean for detecting a touch on a surface 
connected to a means of generating vibration on Said 
Surface Such that that Vibration provides tactile and 
optionally audio feedback. 

0235 A plurality of capacitive proximity sensing 
elements connected to control means Such that the 
position of a finger over a Surface can be determined 
in 2 or more dimensions. 

0236 Same arranged as an X, Y grid such that the 
intermediate position of a finger between two or 
more elements can be determined in the X and Y 
dimensions. 

0237 Capacitive elements arranged as a “String on 
beads' Such that each capacitive Sensing element 
comprises a pad connected to the previous pad by 
way of a resistor. 

0238 A capacitive element where the capacitance 
and resistance are distributed rather than formed 
from lumped elements. 

0239 A system as claimed in claim 1 wherein a 
record is kept of the maximum Sensed value of a 
press among the last n presses (the number n of 
presses being chosen for optional operating condi 
tions, typically the last 128 presses) and this is used 
to alter dynamically the sensitivity to touch. Prefer 
ably, there is also a reset feature for this, So as to 
adapt the Sensitivity to each operator, for example 
automatic, e.g. responsive an interval between 
presses longer than usual (or longer than a preset 
time), or a change in one or more characteristics of 
the press, e.g. absolute capacitance and/or geometri 
cal area of effect of the preSS. 

Petitioner Samsung and HP Ex-1007, 0025



US 2003/OO67451A1 

0240 Same where the rate of change (derivative) of 
the Sensed value is used to determine the point of 
touch. (Uses the dielectric discontinuity theory.) 

0241. A control means so programmed as to differ 
entiate between a deliberate touch and an accidental 
touch or other interfering electrical signal using 
information from one or more untouched keys and 
the knowledge of the initial conditions of the System. 

0242 A control means programmed to monitor the 
initial condition and Sensitivity of each Sensor and 
detect variations from those initial conditions by 
utilising a non-linear equation with reference to the 
initial conditions parameter and So normalising 
variations in Sensitivity between differing Sensor 
channels. 

0243 KEY 
0244. In the drawings, text corresponding to Figure ref 
erences is as follows: 

0245 FIG. 1: 
0246) 101 Display Artwork 
0247 102 TouchPads 
0248) 103 Window 
0249) 104 Controller 
0250) 105 Connection to Computer 

0251 FIG. 2: 
0252) 106 Control 
0253) 107 OSC 
0254) 108 Flip/Flop 
0255) 109 x1 
0256 110 Phase Delay 
0257) 111 xN 
0258) 114 ADC INPUT 
0259) 115 MUX 
0260) 116 MUX 
0261) 119 LOGIC 

0262 FIG. 3: 
0263 130 A 
0264) 131 B 

0265 FIG 4: 
0266 132 Distance 
0267, 133 Time 
0268) 134 Press 
0269) 135 Hold 
0270. 136 Release 
0271) 137 Liftoff 
0272) 138 Baseline 
0273) 139 Maximum Press 
0274) 140 Capacitance Rising 
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0275 FIG. 5: 
0276) 
0277 
0278) 
0279) 
0280) 
0281 
0282) 
0283) 
0284) 
0285) 

0286) 
0287) 
0288 
0289) 
0290) 
0291) 

150 For each key 
151 Do not key 
152 Select key 
153 Get PreSS Value 

154. Over Threshold 

155 Static Detect 

156 Delay 

157 Keypress Detected Once Before? 
158 Mode Check OK? 

159 PRESS DETECTED 

FIG. 6: 

161 Centre Wire 

162 Frit 

163 Glass 

164 Braid 

165 CoaX 

0292 FIG. 7: 
0293) 

0294) 
0295) 
0296) 
0297) 

171 Finger 

172 Glass layer 
173 PCB Substrate 

174 Sensors detect finger at differential ranges 

175 Sensor plates 

0298 FIG 8 
0299) 
0300 

181 Finger 

182 (=glass thickness) 
0301 FIG 9: 

0302) 
0303) 
0304 

191 Finger tip slides over Surface 
FIG 10: 

2O1 MUX 

O305 FIG 11 
0306 
0307 

0308) 
0309 
0310 
0311) 
0312) 
0313) 
0314) 

211 finger 
212 sensors 

FIG 13: 

221 Buffer 

222 High Impedance Input 

223 Low Impedance Output 
224 Virtual Ground 

225 Sensor 

226 Incident RF Wave 
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0315 FIG. 14: 
0316. 231 Large 
0317) 2324 mm 
0318) 233 1 mm 

0319 FIG. 15: 
0320 241 Equipotential 
0321 242 0 Volts 
0322, 243 Field Line 

0323 FIG. 16: 
0324, 251 Human 
0325 252 Hand 
0326 253 Sensor 
0327 254 Earth 
0328) 255 Ground 

0329 FIG. 19: 
0330 261 RES 
0331) 262 OSC 

0332 FIG. 24: 
0333 401 ITO 
0334 402 AG REF 
0335) 403 AG TRIM 
0336 404 AG 

0337 FIG. 29: 
0338) 705 CUT LINES 
0339) 706 EXTEND TO EDGE 
0340 707 EDGE OF GLASS 
0341) 708 EDGE OF GLASS 
0342) 709 PADS OF FRIT 
0343) 710 REPEAT 
0344) 711 REPEAT TO EDGE 
0345 712 (Symbol indicating magnification of part of 
main drawing) 

0346 713 Repeat snip lines to edge 
0347 714Material: Single-side coated 15 ohm Kas 
Supplied by LOF 

0348 715 Top conductive layer 
0349) Notes 

0350) 1. Sensor lines are 4 mm wide separated by 4 
mm gap 

0351) 2. The gap between sensors is further cut up into 
Small areas-the cut lines correspond to the Sensor cut 
lines on the layer below 

0352 3. All sensor lines are separate. The frit pads are 
used to common up and connect to controller. 
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0353 4. Glass area can be completely covered with 
pattern. 

0354) 5. A border may be left uncut if desired-but 
should by isolated with cut from rest of pattern. 

0355 FIG. 30: 
0356) 803 MUX 

0357. It will be apparent to one skilled in the art, that 
features of the different embodiments disclosed herein may 
be omitted, Selected, combined or exchanged and the inven 
tion is considered to extend to any new and inventive feature 
or combination thus formed. 

0358 It will be apparent to one skilled in the art, that 
features of the different embodiments disclosed herein and 
by importation from the aforementioned prior patents and 
application may be omitted, Selected, combined or 
eXchanged and the invention is considered to extend to any 
new and inventive combination thus formed. 

1. A capacitive detector, which comprises means to rec 
ognise a profile of capacitance change indicative of a touch 
to be detected. 

2. A detector as claimed in claim 1, which is adapted to 
detect the instant and position of a touch. 

3. A detector as claimed in claim 1, which is adapted to 
detect a touch by Sensing a rapid or Sudden rise in capaci 
tance at touch down between a touch member, e.g. a finger, 
and a member of the detector, e.g. a dielectric plate, or an 
interposing dielectric, which may be called a Snap effect. 

4. A detector as claimed in claim 1, which is adapted to 
detect a touch by means of Sensing a rapid rise in capaci 
tance as a touching member, e.g. a finger, is Squashed, 
flattened or compressed by being pressed against a detector 
plate or interposing dielectric. 

5. A detector as claimed in claim 1, which comprises a 
plurality of Sensing elements each adapted to detect the 
touch, and means adapted to determine by means of inputs 
from the elements and an interpolation algorithm the accu 
rate position of a touching member, e.g. a finger. 

6. A detector as claimed in claim 5, which comprises it 
first Said plurality of Sensing elements and orthogonally to 
these a Second Said plurality of Sensing elements. 

7. A detector as claimed in claim 5, wherein the deter 
mining means comprise means adapted to allow for the 
shape of a touching member and/or of a detector member. 

8. A detector as claimed in claim 5, which comprises 
means to effect the determination with the aid of a quadratic. 

9. A detector as claimed in claim 5, which comprises 
means to effect the determination with the aid of inputs from 
three Sensing elements and the Spacing between the ele 
mentS. 

10. A detector as claimed in claim 5, which comprises 
means to effect the determination with the aid of a self 
calibrating method. 

11. A detector as claimed in claim 1, which comprises 
means to effect the determination with the aid of a Snap 
effect algorithm. 

12. A detector as claimed in claim 1, which comprises 
means to effect the determination with the aid of a differ 
ential algorithm. 
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13. A detector as claimed in claim 1, which comprises one 
or more Sensor elements formed from conductively coated 
glass by Selectively removing the coating from the glass. 

14. A detector as claimed in claim 13, which comprises 
Sensor elements formed from conductively coated glass by 
Selectively removing the coating from the glass to form 
orthogonal Sensor elements capable respectively of detect 
ing the X and Y position of a touching member. 

15. A detector as claimed in claim 1, which comprises an 
accumulator. 

16. A detector as claimed in claim 15, which is adapted to 
ensure that while the rate of change of value of a particular 
input is greater than a certain threshold increments repre 
Senting this rate of change are added to the accumulator. 
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17. A detector as claimed in claim 16, which is adapted to 
ensure that when the rate of change drops below the thresh 
old the accumulator is reset to Zero. 

18. A capacitive detector, which comprises an accumula 
tor. 

19. A Screen for a capacitive detector, which comprises 
one or more Sensor elements formed from conductively 
coated glass by Selectively removing the coating from the 
glass. 

20. A Screen as claimed in claim 19, which comprises 
Sensor elements formed from conductively coated glass by 
Selectively removing the coating from the glass to form 
orthogonal Sensor elements. 
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