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A touch Sensitive position Sensor for detecting the position 
of an object in two dimensions is described. The position 
Sensor has first and Second resistive bus-barS Spaced apart 
with an anisotropic conductive area between them. Electric 
currents induced in the anisotropic conductive area by touch 
or proximity flow preferentially towards the bus-bars to be 
Sensed by detection circuitry. Because induced currents, for 
example those induced by drive circuitry, flow preferentially 
along one direction, pin-cushion distortions in position 
estimates are largely constrained to this single direction. 
Such one-dimensional distortions can be corrected for very 
Simply by applying Scalar correction factors, thereby avoid 
ing the need for complicated vector correction. 
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ANISOTROPIC TOUCH SCREEN ELEMENT 

BACKGROUND OF THE INVENTION 

0001. The invention pertains to 2-dimensional touch 
Sensing Surfaces operable by a human finger, or a Stylus. 
Example devices include touch Screens and touch pads, 
particularly those over LCDs, CRTs and other types of 
displays, or pen-input tablets, or encoders used in machinery 
for feedback control purposes. 
0002 Descriptions of pen or touch input to a machine 
date back to at least 1908, as embodied in patent DE 203,719 
1. 
0.003 Touch screens and pointing devices 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. These devices are 
evolving continuously into lower priced products and as a 
result, there is a need for ever lower production cost while 
maintaining high levels of quality and robustness. Capaci 
tive touch Screens in particular are prized for their robust 
neSS against damage, but Suffer from high costs and the need 
for exotic construction materials. 

0004. The term 'two-dimensional capacitive transducer 
or 2DCT will be used throughout to refer to touchscreens, 
touch Sensing pads, proximity Sensing areas, display overlay 
touchscreens over LCD, plasma, or CRT screens or the like, 
position Sensing for mechanical devices or feedback SyS 
tems, or other types of control Surfaces without limitation, 
having a Surface or Volume capable of reporting at least a 
2-dimensional coordinate, Cartesian or otherwise, related to 
the location of an object or human body part, by means of 
a capacitance Sensing mechanism. 
0005 The term “two-dimensional resistive transducer or 
2DRT will be used throughout to refer to touch screens or 
pen input devices based on purely galvanic principles, and 
known in the industry generically and primarily as resistive 
touch Screens. 

0006. The term '2DXT refers to elements of either the 
2DCT or 2DRT type. 
0007. The term 'touch throughout means touch or prox 
imity by a human body part or mechanical component of 
Sufficient capacitive signal Strength to generate a desired 
output. In the Sense of proximity, touch can also mean to 
point at a 2DCT without making physical contact, where 
the 2DCT responds to the capacitance from the proximity of 
the object Sufficient to react properly. 
0008. The term "element throughout refers to the active 
sensing element of a 2DCT or 2DRT. The term electrode 
refers to a connection point at the periphery of the element. 
0009. The term "stripe refers to an electrical line con 
ductor that is a component part of an element and which has 
two ends. A Stripe can be a wire. A Stripe can have Substantial 
galvanic resistance by intent, whereas a wire has minimal 
resistance. If the element of which it is a part is physically 
curved, the Stripe would also be physically curved. 
0.010 The term pin cushion refers to any distortion of 
the signal from a 2DCT whether parabolic, barrel, or other 
form of 2D dimensional aberration. 
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0011 Many types of 2DCT are known to suffer from 
geometric distortion characterized as pin cushion or 
hyperbolic or parabolic, whereby the reported coordinate 
of touch is in error due to electrical effects on the Sensing 
Surface. These effects are described in more depth in various 
other patents for example in Pepper U.S. Pat. No. 4,198,539 
2, incorporated by reference. An excellent Summary of the 
known causes, Solutions, and problems of the Solutions to 
geometric distortion can be found in a reading of Babb et al., 
in U.S. Pat No. 5,940,0653) and U.S. Pat. No. 6,506,983 
4), incorporated by reference. U.S. Pat No. 5,940,0653 
describes Succinctly the two major classes of correction: 1) 
Electromechanical methods involving design of or modifi 
cation to the Sensing Surface or the connecting electrodes; 2) 
Modeling methods using mathematical algorithms to correct 
the distortions. 

0012 Electromechanical Methods 
0013 Edge Manipulation of Planar Element: Kiipfmiller 
et al in U.S. Pat. No. 2,338,9495 (filed 1940) solve the 
problem of edge distortion in a 2DRT electrograph using 
very long rectangular tails in X and Y Surrounding a Small 
uSable area Kiipfmiller takes the further approach of Slotting 
the four tails into Stripes, these Stripes do not intrude on the 
user input area but do act to raise the resistance to current 
flow in an anisotropic manner along Sides parallel to current 
flow. This idea reappears in slightly different form in Yaniv 
et al., U.S. Pat. No. 4,827,0846), nearly 50 years later. 
Kiipfmiller remains the most similar prior art to the instant 
invention. 

0014) Becker in U.S. Pat. No. 2,925.4677 appears the 
first to describe a 2DRT electrograph whereby nonlinear 
edge effects are eliminated via the use of a very low 
resistance edge material relative to the sheet resistance of the 
element proper. This method can also be used to construct a 
2DCT 

0.015 Pepper, in patents U.S. Pat. No. 4,198,5392), U.S. 
Pat. No. 4,293,7348), and U.S. Pat. No. 4,371,746 (9) 
describes methods of linearizing a 2DCT by manipulating 
the edge resistance Structure of the element. 
0016 Talmage, in U.S. Pat. No. 4,822,957 10 describes 
a similar edge pattern as Pepper in conjunction with a 2DRT 
element and a pickoff sheet. Numerous other Such patents 
have been issued using various methods, and the area 
remains a fertile one for new patents to this day. These 
methods have been found to be very difficult to develop and 
replicate, and they are prone to differential thermal heating 
induced errors and production problems. Very Small 
amounts of localized error or drift can cause Substantial 
changes in coordinate response. The low resistance of the 
patterned edge Strips causes problems with the driver cir 
cuitry, forcing the driver circuitry to consume more power 
and be much more expensive than otherwise. There are a 
Significant number of patents that reference the Pepper 
patents and which purport to do Similar things. The improve 
ments delivered by Pepper etc over Becker are arguably 
marginal, as at least Becker is easier and more repeatable to 
fabricate. 

0017 Edge Resistance with Wire Element: Kable in U.S. 
Pat. No. 4,678,869 11 discloses a 2D array for pen input, 
using resistive divider chains on 2 axes with highly conduc 
tive electrodes connected to the chains, the electrodes having 
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Some unintended resistance for the purposes of detection, 
and the detection Signal being interpolated from the Signals 
generated between two adjacent electrodes. The unintended 
resistance causes a slight amount of pin cushion in the 
response. This patent also describes an algorithmic means to 
compensate for the Slight pin-cushion distortion developed 
by this technique. The Kable method is not operable with 
other than a connected Stylus, i.e. it is not described as being 
responsive to a human finger. The Kable patent requires 
croSSOvers between conductors and thus needs at least three 
construction layers (conductor, insulator, conductor). 
0018) Multiple Active-Edge Electrodes: Turner in U.S. 
Pat. No. 3,699,439 12 discloses a uniform resistive screen 
with an active probe having multiple electrode connections 
on all four Sides to linearize the result. 

0019 Yoshikawa et al., in U.S. Pat. No. 4,680,43013), 
and Wolfe, in U.S. Pat. No. 5,438,16814), teach 2DCT's 
using multiple electrode points on each side (as opposed to 
the corners) to facilitate a reduction in pin cushion by 
reducing the interaction of the current flow from the elec 
trodes on one axis with the electrodes of the other. While the 
element is a simple sheet resistor, this approach involves 
large numbers of active electronic connections (such as 
linear arrays of diodes or MOSFETs) at each connection 
point in very close proximity to the element. 
0020 Nakamura in U.S. Pat. No. 4,649,232 15 teaches 
similarly as Yoshikawa and Wolfe but with a resistive pickup 
Stylus. 
0021 Sequentially Scanned Stripe Element: Greanias et 
al in U.S. Pat. No. 4,686,332 (16) and U.S. Pat. No. 
5,149,919 17), Boie et al in U.S. Pat. No. 5,463,388 (18), 
and Landmeier in U.S. Pat. No. 5,381,16019 teach meth 
ods of element Sensing using alternating independently 
driven and Sensed Stripe conductors in both the X and Y axis, 
from which is interpreted a position of a finger touch or, by 
a pickup device, a Stylus pen. The construction involves 
multiple layers of material and Special processing. Greanias 
teaches the use of interpolation between the Stripes to 
achieve higher resolution in both axis. Both require three or 
more layers to allow croSSovers of conductors within the 
element. Both rely on measurements of capacitance on each 
Stripe, not the amount of croSS coupling from one Stripe to 
another. Boie also teaches a Special guard-plane. 
0022 Binstead, in U.S. Pat. No. 5,844,506.20 and U.S. 
Pat No. 6,137.42721 teaches a touchscreen using discrete 
fine wires in a manner Similar to those taught by Kable, 
Allen, Gerpheide and Greanias. Binstead uses very fine row 
and column wires to achieve transparency. This patent also 
teaches the Greanias method of interpolation between elec 
trode wires to achieve higher resolution. The Scanning relies 
on measurements of capacitance on each Stripe to ground, 
not the amount of croSS coupling from one to another. 
0023) Evans in U.S. Pat. No. 4,733,222 22 also 
describes a System wherein Stripes are Sequentially driven in 
both X and Y axis, using also an external array of capacitors 
to derive Sensing Signals via a capacitor divider effect. 
Interpolation is used to evaluate finer resolutions than poS 
sible with the stripes alone. 
0024 Volpe in U.S. Pat. No. 3,921,166 23 describes a 
discrete key mechanical keyboard that uses a capacitive 
Scanning method. There are Sequentially driven input rows 
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and Sequentially Sensed columns. The preSS of a key 
increases the coupling from a row to a column, and in this 
way n-key rollover can be achieved; there is no need for 
interpolation. Although not a 2DCT, Volpe presages Scanned 
stripe element 2DCT technology. My own U.S. Pat. No. 
6,452,51424 also falls into this classification of sensor. 
0025 Itaya in U.S. Pat. No. 5,181,03025 discloses a 
2DRT having resistive Stripes which couple under preSSure 
to a resistive plane which reads out the location of contact. 
The Stripes, or the plane, have a ID Voltage gradient imposed 
on them So that the location of contact on particular the 
Stripe can be readily identified. Each Stripe requires its own, 
at least one electrode connection. 

0026 Cyclical Scanned Stripe Element: Gerpheide et al., 
in U.S. Pat. No. 5,305,01726 teaches a touch-pad capaci 
tance-based computer pointing device using multiple 
orthogonal arrays of overlapping metallic Stripes Separated 
by insulators. The Scan lines are arranged in a cyclically 
repeating pattern to minimize drive circuitry requirements. A 
cyclical nature of the wiring of the invention prevents use of 
this type of 2DCT for absolute position location. The inven 
tion is Suited to touch pads used to replace mice, where 
actual location determination is not required, and only 
relative motion Sensing is important. Gerpheide teaches a 
method of Signal balance between two phase-opposed Sig 
nals at the location of touch. 

0027 Parallel Read Stripe Element: Allen et al in U.S. 
Pat No. 5,914,46527 teach an element having rows and 
column Scan Stripes which are read in parallel by analog 
circuitry. The patent claims lower noise and faster response 
times than Sequentially Scanned elements. The method is 
particularly Suited to touch pads for mouse replacement but 
does not Scale well to higher sizes. Multiple construction 
layers are required as with all stripe element 2DCTs. The 
Allen method requires large Scale integration and high 
numbers of connection pins. It interpolates to achieve higher 
resolution than achievable by the number of raw stripes. 
0028. In my co-pending U.S. application 60/42283728), 
“Charge Transfer Capacitive Position Sensor there is 
described in conjunction with FIG. 12 a method of using 
individual resistive 1-D Stripes to create a touch Screen. 
These Stripes can be read either in parallel or Sequentially, 
Since the connections to these Stripes are independent of one 
another. Furthermore, in connection with FIG. 6 there is 
described an interpolated coupling between adjacent lumped 
electrode elements and an object Such as a finger. U.S. 
application 60/42283728) is incorporated herein by refer 
CCC. 

0029) Numerical Methods 
0030) Nakamura in U.S. Pat. No. 4,650,926 29 
describes a System for numerical correction of an electro 
graphic System Such as a tablet, using a lookup table System 
to correct raw 2D coordinate data. 

0031 Drum, in U.S. Pat. No. 5,101,08130) describes a 
System for numerical correction of an electrographic System 
Such as a tablet via remote means. 

0032 McDermott in U.S. Pat. No. 5,157,22731 teaches 
a numerical method of correcting a 2DXT employing Stored 
constants which are used during operation to control one or 
more polynomials to correct the location of reported touch 
by Zone or quadrant. 
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0033) Babb et al, in U.S. Pat. Nos. 5,940,0653) and 
6,506,9834 teach a numerical method to linearize a 2DXT 
uniform sheet element using coefficients determined during 
a learn process, without Segmentation by Zone or quadrant, 
and on an individual unit basis So as to correct for even 
minor process variations. The methods disclosed by Babb 
are complex and involve 80 coefficients and fourth order 
polynomials, the coefficients of which must be determined 
through a rigorous and time-consuming calibration proce 
dure. In tests Supervised by the instant inventor, it has been 
found that 6" Order polynomials are required to produce 
accuracy levels that are acceptable in normal use, and that 
the result is still highly prone to the slightest Subsequent 
variations post-calibration due to thermal drift and the like. 
In particular it has been found that the corner connections 
are extreme contributors to long-term coordinate fluctua 
tions, as they act as Singularities with a high gain factor with 
respect to connection size and quality. Furthermore, the 
method of numerical correction requires high-resolution 
digital conversions in order to produce even modest reso 
lution outputs. For example it has been found that a 14-bit 
ADC is required to provide a quality 9-bit coordinate result. 
The extra expense and power required of the amplifier 
System and ADC can be prohibitive in many applications. 
0034) Technology Summary 
0035) In all these methods there exists one or a combi 
nation of the following deficiencies: 
0036 Use of exotic construction materials or methods 
requiring Special expertise or equipment to fabricate; 

0037 Excessive cost compared with simple, gal 
Vanic 4-wire resistive touch Screens, 

0038 Require three or more layers to allow orthogo 
nal conductor croSSOvers, 

0039 Costly wiring due to the need for many elec 
trode connections, 

0040 Linearity problems requiring complex algo 
rithms to correct; 

0041 Need for special linearizing edge patterns 
which are difficult to control; 

0042. Not well suited to small or large touch areas; 
0043. Inability to conform to complex surface 
shapes Such as compound curves, and/or 

0044) Inability to operate through surfaces more 
than a few hundred microns thick. 

SUMMARY OF THE INVENTION 

0.045 According to the invention there is provided a 
touch Sensitive position Sensor comprising: a Substrate 
defining a touch Sensitive platform; first and Second resistive 
bus-bars arranged spaced apart on the Substrate; and an 
anisotropic conductive area arranged between the bus-bars 
Such that currents induced in the anisotropic conductive area 
flow preferentially towards the bus-bars. 
0046) a touch sensitive position Sensor having a sensing 
element comprising: a first resistive bus-bar, a Second resis 
tive bus-bar displaced from the first resistive bus-bar; and an 
anisotropic conductive area extending between the first and 
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first resistive bus-bars Such that currents induced in the 
anisotropic conductive area flow preferentially towards the 
bus-bars. 

0047. In typical embodiments of the invention, the bus 
bars and the anisotropic conductive area have resistances of 
between 1 kS2 and 50 kS2. The bus-bars preferably have 
Substantially the same resistance, for example to within 
+10%, 20%, 50% or 100%. It is advantageous if the resis 
tance of the bus-barS is less than the resistance between them 
provided by the anisotropic conductive area. 
0048. The anisotropic conductive area can be fabricated 
using a film of molecular Substance having anisotropic 
conduction Supported on a Substrate, or a plurality of resis 
tive Stripes connecting in parallel between the first and first 
resistive bus-bars, or in other ways. 
0049. When resistive stripes are used to form the aniso 
tropic conductive area these can be made of Sections of 
resistive wire, or from resistive material deposited on a 
substrate, for example. Moreover, the width of the resistive 
Stripes is preferably greater than the gaps between them. 
0050. In some embodiments of the invention, a conduc 
tive overlay is provided that is separated from the anisotro 
pic conductive area Such that the conductive overlay and the 
anisotropic conductive area may be brought into contact by 
externally applied pressure. 

0051. In some embodiments, the first resistive bus-bar 
extends between a first and a Second electrode and the first 
resistive bus-bar extends between a third and a fourth 
electrode, the position Sensor further comprising first, Sec 
ond, third and fourth drive channels associated with respec 
tive ones of the first, Second, third and fourth electrodes, 
each drive channel being operable to generate an output 
Signal dependent on the resistance between its electrode and 
the position of the object. For processing the outputs, a 
processor may be provided that is operable to generate an 
estimate for the position of the object by comparing the 
output Signals from the drive channels. The processor can be 
configured to estimate the position of the object in a first 
direction running between the bus-bars from a rationetric 
analysis of the Sum of the Signals associated with the first 
and Second electrodes and the Sum of the Signals associated 
with the third and fourth. It can also be configured to 
estimate the position of the object in a Second direction 
running along the bus-bars from a rationetric analysis of the 
Sum of the Signals associated with the first and third elec 
trodes and the Sum of the Signals associated with the Second 
and fourth electrodes. Moreover, the processor is preferably 
further operable to apply a correction to the estimated 
position according to a pre-determined distortion associated 
with the Sensing element. Typically, the pre-determined 
distortion is a one-dimensional pin-cushion distortion. 
0052. It will be understood that a touch sensitive position 
Sensor according to the invention can be incorporated into a 
control panel and in turn the control panels can be integrated 
as part of a variety of different apparatuses. 
0053 According to the invention there is also provided a 
touch Sensitive position Sensor for detecting the position of 
an object in two dimensions, wherein the position Sensor has 
first and Second resistive bus-bars Separated by an anisotro 
pic conductive area, the anisotropic conductive area being 
arranged Such that induced electric currents flow preferen 
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tially towards the bus-bars. Because induced currents, for 
example those induced by drive circuitry associated with the 
Sensing element, flow preferentially along one direction, 
pin-cushion type distortions in position estimates are largely 
constrained to this direction. Such one-dimensional distor 
tions can be corrected for by applying Scalar correction 
factors. 

0.054 The invention provides a new pattern of conductive 
material for Sensing capacitance behind a plastic or glass 
panel or other dielectric, which is to be used as a 2DXT, 
whether in the format of a touch screen or touch pad. 
0.055 The invention blends some of the features of unpat 
terned 4-electrode elements together with Striped elements 
and mathematical compensation to arrive at a new classifi 
cation of anisotropic 2DXT element, or Simply, a striped 
element. This invention addresses the deficiencies of pre 
vious 2DXT approaches and is very low in cost, using as it 
does conventional processes and materials. 

0056. Unless otherwise noted hereinafter, the terms “con 
nection(s) or connected refer to either galvanic contact or 
capacitive coupling. Element refers to the physical elec 
trical Sensing element made of conductive Substances. Elec 
trode refers to one of the galvanic connection points made 
to the element to connect it to Suitable driver/sensor elec 
tronics. The terms object and finger are used Synony 
mously in reference to either an inanimate object Such as a 
wiper or pointer or Stylus, or alternatively a human finger or 
other appendage, any of whose presence adjacent the ele 
ment will create a localized capacitive coupling from a 
region of the element back to a circuit reference via any 
circuitous path, whether galvanically or non-galvanically. 
The term 'touch includes either physical contact between an 
object and the element, or, proximity in free Space between 
object and element, or physical contact between object and 
a dielectric (Such as glass) existing between object and 
element, or, proximity in free Space including an intervening 
layer of dielectric existing between object and element. The 
mention of Specific circuit parameters, or orientation is not 
to be taken as limiting to the invention, as a wide range of 
parameters is possible using no or slight changes to the 
circuitry or algorithms, Specific parameters and orientation 
are mentioned only for explanatory purposes. 
0057. Note my prior patents covering charge-transfer 
capacitive sensing, particularly U.S. Pat. No. 5,730,16532), 
U.S. Pat. No. 6,288,70733), U.S. Pat. No. 6,466,03634), 
U.S. Pat. No. 6,535,200 35), U.S. Pat No. 6,452,51436 
and my co-pending U.S. Provisional Application No. 
60/42283728). In particular it should be noted that the 
electronic Sensing circuitry and methods described in each 
of these patents can be used in conjunction with the inven 
tion described herein, but, these methods are not the only 
ones. A variety of capacitive Sensing circuits can be used 
with the invention. Various electrical circuits and Sensing 
methods described in these patents can be employed to drive 
the electrodes of the invention and to interpret the results. 
0.058 Note also my co-pending U.S. application US 
2003013292237 which deals with handshadow effects on 
capacitive touchscreens, and which has a possible applica 
tion to the invention in a post-processing role for 2DCTs. 
0059) My co-pending patent application U.S. 60/422837 
28, “Charge Transfer Capacitive Position Sensor” in par 
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ticular as described in conjunction with FIG. 12 therein, 
forms a germinal basis for the invention, and whose circuit 
description and Switching methods are particularly well 
adapted to drive the electrodes of the invention in a 2DCT 
mode. The invention is a new pattern of conductive material, 
Such as an ink or vacuum deposited material, arranged 
electrically as a Single layer element, with pin-cushion 
distortion on only one axis. The remaining pin-cushion 
distortion is easily corrected algorithmically or in hardware, 
vastly simpler than Babb & Wilson, as will be described 
below. The element pattern is easily fabricated using known 
methods and is conformable to complex Surfaces Such as 
compound curved cover lenses and the like. The pattern 
exhibits Strong anisotropic conductance characteristics in a 
core Sensing region bounded by peripheral unidirectional 
resistive conductors. 

0060. It is one object of the invention to provide for a 
2DXT Sensing element using common, inexpensive materi 
als and production processes, with anisotropic galvanic 
conduction characteristics. 

0061. It is a further object of the invention to provide a 
2DXT Sensing mechanism having an edge distortion that is 
readily correctable using simple, computationally inexpen 
Sive methods. 

0062. It is an object of the invention to permit position 
interpolation So as to achieve the highest possible resolution 
with the Simplest possible pattern. 

0063. It is another object of the invention to provide a 
2DXT element allowing a high positional resolution and low 
granularity result with relatively coarse raw Signal analogue 
to-digital converter (ADC) resolution. 
0064. Another object is to provide a 2DXT element that is 
leSS Susceptible to thermal drift, and is highly repeatable in 
the manufacturing process. 

0065. Another object of the invention is to provide a 
2DXT element that either requires a highly simplified learn 
calibration process compared with the prior art, or, calibra 
tion via design, or, none at all. 
0066. Another object is to provide for a 2DCT element 
having only one required layer of conductive material. 
0067. A further object is to allow this layer to reside on 
the rear of relatively thick dielectric cover lenses Such as 
glass or plastic sheet, up to 10 mm in thickness or more, or 
through air by pointing. 

0068 A further object of the invention to provide a 2DXT 
element having relatively simple wiring requirements, 

0069. Further objects of the invention are to provide for 
a Sensor having high reliability, a Sealed Surface, low power 
consumption, and the ability to be controlled and Sensed 
directly using off-the-shelf microcontrollers and non-exotic 
drive electronics. 

0070 Further particular and preferred aspects of the 
invention are set out in the following non-limiting indepen 
dent and dependent clauses: 

0071 1. Apparatus of a type wherein a surface is 
Selectively accessed with respect to positional data, 
comprising a conductive element having a core with 
a direction of preferential galvanic conduction. 
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0072 2. The apparatus of clause 1 wherein the 
element is bounded by a conductive border 

0073. 3. Clauses 1 or 2 wherein the element resides 
on a single layer 

0074. 4. Clauses 1 or 3 including a plurality of 
electrodes 

0075 5. Any preceding clause including circuitry 
connected to Said element for the purpose of evalu 
ating the location of touch in two dimensions, where 
the connections are made to the electrodes. 

0076 6. Any preceding clause including processing 
means to correct for pin-cushion distortion 

0077 7. Clause 6 wherein the correction is a scalar 
coefficient. 

0078 8. Clause 6 wherein the correction is based on 
a set of Scalar coefficients 

0079) 9. Clause 6 wherein the correction is based on 
a formula of the type 

Py 

0080 10. A method of fabricating an element used 
for the determination of positional location of touch, 
whereby the element is made to have anisotropic 
conductivity with a conductive perimeter. 

0081. 11. Clause 10 where the element is made from 
an anisotropic material. 

0082) 12. Clause 10 including a method to correct 
for positional distortion 

0083) 13. Clause 12 wherein the method for correc 
tion of distortion is only applied to one axis. 

0084. 14. Clause 12 wherein the method for correc 
tion of distortion is based on Scalar multiplication. 

0085 15. Any preceding clause whereby the elec 
tronic circuitry employs rail-referenced charge-Sens 
ing according to any method disclosed in my U.S. 
Pat. No. 6,466,036 (34). 

0086) 16. Clause 15 whereby the circuitry comprises 
a microcontroller. 

0087. 17. Any preceding clause whereby the ele 
ment is made from an optically transmissive resistive 
conductor. 

0088. 18. Any preceding clause whereby the ele 
ment comprises a plurality of Zones of anisotropic 
conductance sharing common bus-bars. 

0089 19. A touchscreen having an optically trans 
missive element of anisotropic conductance, affixed 
to the distal side of an optically transmissive Sub 
Strate, the proximal Side being used for touch, having 
a plurality of electrodes. 

0090. 20. Clause 19 whereby the electrodes are 
connected to a Sensing circuit using conductive rub 
ber. 
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0091) 21. Clause 19 or 20 whereby the touchscreen 
is mounted over an electronic display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0092 For a better understanding of the invention and to 
show how the same may be carried into effect reference is 
now made by way of example to the accompanying draw 
ings in which: 
0093 FIG. 1a schematically shows typical pin-cushion 
distortion effects found in unpatterned, Single element two 
dimension transducers made from a resistive film having 
four corner electrodes and a pickoff flexible cover sheet 
according t the prior art; 
0094 FIG. 1b schematically shows the normalization 
vectors required to linearize the element of FIG. 1a; 
0095 FIG.2 shows a known capacitive or resistive touch 
Screen edge pattern designed to correct pin cushion effects in 
Screens Suffering from distortions of the kind shown in 
FIGS. 1a and 1b, 
0096 FIG. 3 schematically shows a two-dimensional 
pattern representative of the conductive material used to 
form a Sensing element according to an embodiment of the 
invention; 

0097 FIG. 4 schematically shows an electrical circuit 
representation of the sensing element of FIG. 3; 

0.098 FIG. 5 schematically shows the sensing element of 
FIG. 3 with the location of a touch identified; 

0099 FIG. 6 schematically shows a vertical section the 
sensing element of FIG. 5 taken at the location of the touch; 
0100 FIG. 7a schematically shows a row-by-row linear 
ity plot in one quadrant of the sensing element of FIGS. 3 
and 5; 

0101 FIG. 7b Schematically shows the distortion asso 
ciated with the sensing element of FIGS. 3 and 5; 
0102 FIG. 8 schematically shows normalization vectors 
required to linearize the distortion shown in FIGS. 7a and 
7b; 

0.103 FIG. 9 schematically shows a two-dimensional 
pattern representative of the conductive material used to 
form a Sensing element according to another embodiment of 
the invention; 

0104 FIG. 10 schematically shows a two-dimensional 
pattern representative of the conductive material used to 
form a Sensing element according to yet another embodi 
ment of the invention; 

0105 FIG. 11 schematically shows a vertical section the 
sensing element of FIG. 10 forming part of a resistive touch 
Screen, 

0106 FIG. 12 schematically shows a two-dimensional 
pattern representative of the conductive material used to 
form a Sensing element according to yet another embodi 
ment of the invention; 

0107 FIG. 13 schematically shows the sensing element 
of FIG. 5 having coupled to drive channels based on 
charge-transfer methods, 
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0108 FIG. 14 schematically shows a processor arranged 
to receive signals output from the drive channels of FIG. 13 
and to calculate an estimated position of a touch therefrom; 
0109 FIG. 15 schematically shows a microcontroller 
connected to four Sampling capacitors, the microcontroller 
and capacitors being configured to provide the Sensing 
channels and processor of FIGS. 13 and 14; and 
0110 FIG. 16 schematically shows in vertical section a 
capacitive based position Sensor according to an embodi 
ment of the invention arranged over a liquid crystal display 
So as to create a touch-Sensitive Screen. 

DETAILED DESCRIPTION 

0111 FIGS. 1a and 1b show the prior art for 2DXT 
technology prior to the use of correction hardware or algo 
rithms. The pin cushion effect of FIG. 1a is well understood. 
It arises from the current sharing of capacitance-induced 
flows from the point of touch to the four connection points; 
the effect is seen in both 2DCTs and in 2DRT 5-wire touch 
Screens which rely on a galvanic version of the same Voltage 
gradients as a 2DCT, but with a flexible pickoff cover sheet 
that deflects and connects to the 2DRT under pressure. The 
pin cushion effect in these elements increases as the location 
of touch becomes more distant from all connection points, 
along an edge; it is at its worst at the centers of the Screen 
edges. As shown in FIG. 1b, the current flows establish 
vectors that introduce a graduated distortion with position, 
resulting in a parabolic curvature of reported location. The 
Vectors are generally non-Orthogonal. Instead the angle and 
magnitude of correction vary wildly depending on the 
location of touch on the element. 

0112 Various methods have been devised to counter this 
effect, notably the use of very low resistance bus-bars 
around the conductive Screen, Special edge patterns, multiple 
connection points to the edges of the Screen, and So on, as 
described above. Discrete conductors, as Seen in Binstead, 
Gerpheide, Kable and Greanias largely Solve the problem of 
pin cushion by using exotic construction methods using 
multiple layers, expensive circuits, and a high electrode 
connection count. These types of Screens do not Scale well 
with Size and are expensive to fabricate. An example of Such 
a method is the edge pattern devised by Pepper which is 
shown in FIG. 2. This pattern is known to be very difficult 
to duplicate, suffers from thermal drift, and is relatively 
expensive to engineer and fabricate. 
0113. There is a substantial demand for a new capacitive 
touch Screen method that is less expensive and Simpler to 
manufacture than the above methodologies yet is highly 
robust and Suitable for use in hostile environments. In 
particular there is a need for Such devices in the applications 
of domestic appliances, mobile phones and other hand-held 
devices, POS terminals, and so on. 
0114 Embodiments of the invention provide a compro 
mise between the no pin cushion but expensive circuitry 
and fabrication cost of prior-art Striped elements, and unpat 
terned resistive sheet elements. This new hybrid solution 
produces a pin cushion effect only on one axis, leaving the 
other axis largely undistorted. Furthermore, as will be seen, 
the residual pin-cushion distortion has a largely orthogonal 
and predictable vector which can be compensated using 
relatively trivial numerical methods, is highly repeatable 
from unit to unit, and is more immune to differential thermal 
drift than the prior art. 
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0.115. In FIG. 3 is shown a pattern representative of the 
conductive material used in a Sensing element according to 
an embodiment of the invention. The diagram Shows a Single 
conductive element on one layer having four electrodes 301, 
302,303, and 304. Two relatively low resistance bus-bars 
305 and 306 traverse from 301 to 302, and 304 to 303 
respectively. A plurality of stripe conductors 310 traverse 
from bus-bar 305 to 306, numbering at least two but 
typically 3 or more. Two of these stripes traverse from the 
ends of each bus-bar to the other, thus forming a fully 
bounded Surface. The end Stripes can also be considered to 
be bus-bars, but as they can optionally have a higher path 
resistance than the horizontal bus-bars shown, they remain 
unique and thus will be called Stripes throughout. 
0116. The element of the invention can alternatively be 
Viewed as having a core area characterized by anisotropic 
conductivity with a Surrounding, bounding border made 
from linear conductive Segments. The purpose of the Stripes 
is to force anisotropic galvanic flows within the core area. 
Once the current flows reach the boundary paths, they are 
finally led to the electrode connections. 
0117 The number of stripes 310 appropriate for a design 
depends on the width of the element in relation to the size 
of the object being sensed, as will be discussed below. Wires 
312a-d connected to the electrodes connect the element to a 
drive/Sensing circuit in the case of a 2DCT. In the case of a 
2DRT wires 312a-d are connected to a drive circuit, the 
Sensing function coming from a flexible user-depressed 
cover sheet as shown in FIG. 11. 

0118 FIG. 10 shows another pattern embodying the 
invention. This pattern is Substantially the same as the 
pattern of FIG.3 except that the stripes are separated by thin 
Slits (i.e. the Stripes are relatively wider than those shown in 
FIG. 3), so that the element is principally coated with 
conductive material and only a very Small percentage-the 
Slits-is uncoated. This configuration is more Suitable for 
2DRT use as described further below, but can also be used 
in 2DCT applications. One advantage of this for 2DCT use 
is that the stripes have larger surface areas than in the FIG. 
3 example, So that the capacitive coupling from finger to 
element is enhanced. One disadvantage of this is that the 
total resistance from bus-bar to bus-bar is lower for a 
particular sheet resistance, which will tend to exacerbate the 
pin cushion effect as described below. 
0119) The relative resistances of the stripes and bus-bars 
in FIG.3 as tested are about 40Kohms for the bus-bars, and 
160K ohms for the Stripes, although in practice these figures 
are only for guidance and they are not limiting to the 
invention. The use of higher resistance value Stripes than 
bus-bars is helpful to limit pin cushion effects, but Since pin 
cushion is easily correctable numerically anyway, almost 
any combination of values will work to varying degrees of 
Satisfaction. It is a considerable attraction of the invention 
that it is usable with elements having a high resistance, as 
Such an element requires lower cost and lower power drive 
and Sensing electronics. 
0120 FIG. 4 shows a lumped model of typical embodi 
ments of the invention. Bus-bars 305 and 306 are composed 
of lines with a resistance from about 1K to 50K ohms, and 
ideally are matched to within 10% of each other. Stripes 310 
are composed of resistive lines of about 5 to 10 times more 
than the resistance of the bus-bars. There are 9 stripes shown 
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in FIG. 4. Corner electrodes 301,302,303, and 304 are used 
to connect the element to drive/Sensing electronics, either 
capacitive Sensing drivers for a 2DCT or galvanic drivers in 
the case of a 2DRT. Each stripe and bus-bar has some stray 
background capacitance 401 to circuit ground. Stripes have 
mutual capacitance 404 between neighbors. Such back 
ground capacitances are benign in nature and have been 
show to have no effect on the performance of the invention. 
These capacitances do not have to be equal or balanced for 
the invention to work, as the element obeys the physics of 
Superposition, and Such parasitic values are easily calibrated 
away by the drive electronics as will be described below. 

0121 Shown is a capacitance Ct, 402, at position 403 due 
to a touch in 2DCT mode. The invention is fully tolerant of 
the magnitude of Ct, in that it allows the use of circuitry 
and/or algorithms that responds rationetrically to the four 
electrode Signals to derive a position independent of the 
magnitude of Ct. In 2DRT mode, the coversheet picks off a 
gradient potential, usually using time-multiplexed drive 
Signals to the four electrodes upon galvanic connection from 
the coversheet to the element under the pressure of touch. 

0122) In 2DCT mode it is also possible to have a touch 
between Stripes and to interpolate the location of touch. 
FIG. 5 shows the element with a touch capacitance geo 
graphically located at 403 due to finger (not shown). FIG. 6, 
in which is shown a croSS Section of the invention attached 
to a Substrate Such as glass. The capacitance 603 due to 
touch of finger 605 is split into three smaller parts, Ct1, Ct2, 
and Ct3 as shown in FIG. 6, whose ratio depends on the 
relative location of the touch among the stripes 310a,b,c. In 
FIG. 6 of my co-pending U.S. application 60/42283728) is 
shown an interpolation between two adjacent electrodes 
connected by a resistance. The interpolation of touch in the 
instant invention operates in exactly the same manner 
among Stripes in X, but also occurs along each Stripe in the 
Y axis (not shown). The separating resistance in X is the path 
starting on each stripe with each Ct 603, back through the 
bus-bars to the other stripe. The interpolation in the X 
direction is proportioned according to the resistance of the 
Short Segment of bus-bar resistance connecting the two Y 
Stripes, as a percentage of the total electrical bus-bar 
length. The resistance of the Stripe itself is not of conse 
quence for resolving X location, Since the ends of each Stripe 
are driven to equipotentials in most 2DCT drive circuits 
described in the literature, and certainly when driven by the 
charge-transfer circuits described in my various earlier 
patent publications. Thus, if the Stripes are spaced apart by 
10% of the total bus-bar length, then the opportunity for 
interpolation will be 10% of the X dimension. 

0123 Note that the element of FIG. 5 could be rotated 
through 90 degrees and the above discussion would have 
been in regard to the Y dimension. There is no preferred 
angle of orientation of the element of the invention with 
regard to detection and location of touch. The discussions 
and formulae noted below are based on an assumption of 
convenience i.e. that the Stripes are aligned in a vertical, Y 
orientation; however, rotation of the element through 90 
degrees would provide identical physical operation and the 
equations would still hold albeit translated through 90 
degrees. Specificity in regard to the orientation in this patent 
is not intended except as a matter of explanatory conve 
nience and should not be held to be limiting in any way. 
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0.124. The measurement circuitry, well described in the 
literature from a variety of inventors but preferably of any 
type as disclosed by the inventor in his U.S. Pat. Nos. 
6,288,70733), 6,466,03634 and co-pending application 
60/42283728), is used by standard connection to the four 
corner electrodes 301,302,303, and 304. The measurement 
circuitry comprises four drive channels coupled to respec 
tive ones of the electrodes shown in FIG. 3 with each 
channel being operable to generate an output Signal depen 
dent on the resistive path length between its electrode and 
the position of the touch. While other methods might use 
other formulas, the preferred method of calculation of the 
position of touch is an adaptation of the one disclosed in my 
co-pending application 60/42283728). In this method the 
four corner Signals are calibrated at Some time to determine 
a baseline reference level of Signal for each corner. The 
calibration Step can occur once, for example during design, 
on the production line, or at each power-up event, or through 
a method that determines when the element is not being 
touched. Drift compensation can be applied as it is known 
from Several of my prior patents and the datasheets of 
products from Quantum Research Group Ltd (UK), Such as 
the QT110 device (38). 
0125 To compute the position of touch along X (i.e. the 
horizontal direction shown in FIG. 3) using the element of 
FIG. 3 the Signals are processed according to the following 
StepS assuming that the real time acquired signals associated 
with the four electrodes 301, 302,303 and 304 are respec 
tively S301, S302, S303, and S304, and the baseline refer 
ence levels are R301, R302, R303, and R304, respective to 
each corner: 

0126 1) Sum the references and signals in X: 
RX-R301+R304 (sum of left references) 
RX"=R302+R303 (sum of right references) 
SX'-S301+S304 (sum of left signals) 
SX"=S302+S303 (sum of right signals) 

0127 2) Compute the delta signals in X, i.e. ASigX", 
ASigX": 

ASigX"=SX"-RX" 

0128 3) Compute the ratio Px indicative of position in X: 

0129 where the PX is in range of 0 . . . 1, '0' being the 
left edge, 1 the right edge. 

0.130. The formula for X can be re-expanded to: 

S302+S303 – R302-R303 (Equation 1) 

0131) To compute the position of touch along Yusing the 
element of FIG. 3 the Signals are processed according to a 
formula similar to that indicated above: 

0132) 1) Sum the references and signals in Y: 
RY=R303+R304 (sum of bottom references) 
RY"=R301+R302 (sum of top references) 
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SY-S303+S304 (sum of bottom signals) 
SY"=S301+S302 (sum of top signals) 

0133). 2) Compute the delta signals in Y, i.e. ASigY", 
ASigY": 

ASigy'-SY-RY 

ASigy'-SY"-RY" 

0134 3) Compute the ratio Py indicative of position in Y: 

0135) where the Py is in range of 0 . . . 1, '0' being the 
bottom edge, 1 the top edge. 
0.136 The formula for Py can be re-expanded to: 

S301 + S302- R301 - R302 (Equation 2) 
TS301 + S302+S303+ S304– y 

0.137 The complete, reported but uncorrected or raw 
estimated position is thus (Px, Py). 
0.138. The above equations are examples only, and other 
equations used in conjunction with other Screens may also 
generate a comparable result. 

0139. In FIG. 6 is shown a touch 601 over a plurality of 
Stripes creating a distribution of Ct over Said stripes. The 
resultant charge flows in the element Set up an areal distri 
bution of Ct couplings acroSS multiple Stripes, roughly in 
proportion to the adjoining Surface areas of touch and 
Stripes. The principle of Superposition applies (as it does in 
any sheet element) and the resultant determination of posi 
tion will be properly weighted and hence located to a far 
higher effective resolution than the number of stripes would 
Seem to indicate. This effect is used to greatly improve 
resolution in many other stripe based 2DCTs, for example in 
U.S. Pat. No. 4,733,222 (Evans) 22), but whereas Evans 
uses numerical interpolation, the instant invention uses the 
physical properties of distributed capacitance among mul 
tiple Stripes to achieve the same thing, without the need for 
further computation or for need for individual electronic 
addressability of each Stripe. The interpolation is intrinsic to 
the element itself. This is an effect previously known to 
occur in 2DCT resistive sheet elements. 

0140 FIG. 7a shows the calculated position along the X 
axis by Y row of touch as calculated from the corner 
electrode Signals according to Eqns 1 and 2 above for a 
series of touches made at different X locations between 
X=0.5 (center) and X=1 (right edge) along nine rows R0 to 
R8 corresponding to nine Y locations between Y=0.5 and 
Y=1. FIG. 7b schematically represents the distortion over 
all quadrants of the Sensing element. A finger touching the 
element, whose circumference of contact encompasses a 
fractional number of Stripes, shows no cogging or nonlin 
earity in X worth noting when dragged orthogonally to the 
stripes. This can be seen more graphically in FIG.8 which 
shows a plot of the correction vectors for 7 rows cutting 
acroSS the Stripes in X. At no place is there a non-Orthogonal, 
non-vertical correction vector. 

0.141. This remarkable result comes about because the 
Stripes restrict core galvanic current flows to the Stripes, 
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which lie only along the Y axis; this restriction prevents 
non-Orthogonal current vectors anywhere in the element. 
Once the current flows reach a bus-bar from a stripe, the flow 
rotates 90 degrees and heads towards the two nearest corner 
electrodes. It is only at this Stage that the currents can be 
diverted down adjacent Stripes to electrodes on the Second 
bus-bar. This creates the pin cushion effect along the bus 
bars. 

0142 FIGS. 7a, 7b, and 8 show that in the Y axis the 
distortions are linear and can be corrected using a simple 
Scaling factor which has a dependency on X. For each 
position in X, there exists a single Scalar (non-vector) 
correction factor which can be use to arrive at a corrected 
position of touch in Y: 

Peyes-Pyeo (Equation 3) 

0143. Where Py is the raw reported position in Y, Pcy(x, 
y) is the corrected position for Y as a function of X and raw 
Y, and C(X) is a correction factor unique to each position in 
X for which a correction factor is sought. The coefficients 
C(x) need only be Solved for in any one quadrant (for 
example the quadrant represented in FIG. 7a), and the 
results mirrored for the other 3 quadrants. The fact that there 
is no non-Orthogonal component to the correction, and that 
a single factor C(X) applies to any signal in Y(x), simplifies 
computations by two orders of magnitude over Babb so that 
very rapid compensation can be performed using slow, 
cheap microcontrollers for example costing under USS0.50. 
Furthermore the simplicity of the distortion and the correc 
tion method imply that the element is also more Stable under 
fluctuating temperature or electrical conditions and is more 
repeatable to manufacture. Unlike Babb, the correction of 
the element does not require multiple trials to allow curve 
fitting. So long as the Strip-to-bus-bar resistance ratio is 
repeatable (absolute Stability is not required), the factors 
C(x) will be the same from one unit to the next. Inconsis 
tencies from unit to unit will have only a limited effect on the 
error term in reported touch location, and errors on one axis 
will create only highly attenuated errors on the other axis. 
The element of the invention generally isolates error terms 
between X and Y, a non-trivial beneficial effect compared 
with the prior art. 

0144. The simplicity of the instant invention should be 
compare with the '80 coefficients and fourth order polyno 
mials required for Babb, the coefficients of which must be 
determined though an extensive calibration procedure. The 
instant invention may require only single point calibration, 
or in most cases no calibration at all, as element distortions 
are simple, predictable, and repeatable from unit to unit. 
0145 The C(x) correction factors can be applied by 
means of a lookup table with interpolation to achieve a 
Simple, fast correction. The correction factor C(X) can also 
be computed mathematically using the Simple quadratic 
equation: 

(Equation 4) 
(X) = . . . . . . . . k1X + k2X -- k3 
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0146 Leading to the complete equation for Y correction: 

Py (Equation 5) 
P -- 
Cory) kX2 + k2X -- k3 

0147 Where k1,k2 and k3 are coefficients that depend on 
the curvature of pin-cushion distortion, and X is the absolute 
magnitude of the position along the X axis Starting from 
center-Screen and moving in either the left or right direction. 
This quadratic equation was derived from Simulation models 
and is accurate to better than 1%. It does not account for 
grOSS material nonlinearity which can be compensated for 
using Secondary methods if required. The equations are 
dependent on resistance ratios between the bus-bars and the 
Stripes as well as the geometric proportions of the element. 
The equations are unaffected by absolute resistance values. 
0.148. The analysis Supra applies equally to a 2DCT or a 
2DRT. A 2DRT generally operates in reverse to a 2DCT in 
that the element is only driven by Signals, which are then 
picked off by a coversheet using a 5" electrode connection 
for analysis purposes. The electrodes on the element proper 
are usually driven in a time-multiplexed mode So as to allow 
for unique signals to be picked up in alternating X and Y 
directions. For example the two left electrodes are first 
grounded, and the two right ones driven to a fixed and 
identical potential; the cover sheet is Sampled to obtain a raw 
X position. The bottom electrodes are next grounded, and 
the top electrodes connected to a fixed and identical poten 
tial; the cover sheet is Sampled to obtain a raw Yposition. 
The proceSS is repeated continuously, and a Sample is 
declared valid only if the cover sheet is sensed to be in 
galvanic contact with the element. This is a potentiometric 
pickoff method, well described in the patent literature. Other 
2DRT Sampling methods are possible and the Sequence 
noted in this paragraph should not be considered a preferred 
method, nor is the Sampling method an object of the inven 
tion. 

0149 Equation 5 needs only a set of solutions in one 
quadrant, with the results mirrored for the other 3 quadrants. 
This is demonstrated in FIGS. 7a and 7b. FIG. 7a shows the 
distortion in the top right quadrant; this pattern is mirrored 
in the other three quadrants to create the pattern of 7b. 

0150 Handshadow; Zonal 2DCT Element 
0151. The phenomenon of 2DCT handshadow is 
described in my co-pending U.S. application 
US20030132922 37 and in U.S. Pat No. 5,457,289 (39). 
Screens that are mobile phone size such as 60x60mm, will 
not generally Suffer Sufficiently from handshadow to warrant 
corrective action. 

0152 However, if desired one way to reduce the effects 
of handshadow is described in my aforesaid U.S. applica 
tion, US20030132922 (37), incorporated herein by refer 
CCC. 

0153. A second method involves essentially repeating the 
element of the invention a second time as shown in FIG. 9. 
However, as can be seen from FIG. 9, this can be achieved 
by effectively sharing a bus-bar to reduce associated com 
ponent counts. When the pattern is excited by driver/sensor 
circuitry on the 6 nodes (i.e. electrodes) 301, 302, 301a, 
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302a, 303 and 304 as shown, the element is effectively 
divided up in a way that allows it to be sensed in two 
different Zones, top and bottom. Sensing within these Zones 
is as described above. AS handshadow capacitance occurs 
primarily below the point of touch, a touch in the upper Zone 
will cause handshadow primarily in the lower Zone, where 
it can be processed away by Simply ignoring the Signals 
from Said lower Zone. There is very little cross-coupling of 
handshadow currents between Zones. 

0154 Larger screens would make use of even more of 
these Zones, to a number appropriate to the Vertical size of 
the entire element and according to the Severity of the 
problem. 
0155 2DRT Application 
0156 FIG. 10 shows an element having slits between 
Stripes. Such a method of Separating Stripes is particularly 
useful for 2DRT usage, where a cover sheet is deflected to 
contact the element at a Small point. If the point of contact 
is smaller than the gap between stripes 310, it can be that the 
coversheet fails to pick up a potential and the contact fails. 
O157 FIG. 11 shows a resistive screen according to the 
invention, wherein a cover Sheet picks off a galvanic poten 
tial from the slit stripes of FIG. 10 when bent inwards via 
touch or via a stylus. The element of FIG. 11 is exactly as 
described above for a 2DCT, but the operating mode is 
according to various 5-wire Screen modes as discussed in 
other patents and in the open literature. Normally the cover 
sheet is held apart from the element via tiny microbump 
Spacers (not shown), as is well known in the art. 
0158 Minimalist 2DCT 
0159 FIG. 12 shows a minimal 2DCT case, where there 
are 2 bus-bars and two Stripes, all on the periphery of an 
element. The element is of a Size not significantly larger than 
the object being Sensed, So that the Signal levels in the 
middle do not significantly diminish due to distance from 
object to each conductive member. This example operates 
without measurable pin cushion as the impedances of the 
Stripes and bus-bars are many orders of magnitude lower 
than the capacitive coupling impedance from object to any 
Strip or bus-bar. In this minimal case, the Stripes and 
bus-bars can have the same value or wildly differing values 
with minimal observable effect on resolution or linearity. If 
the element of FIG. 12 is for use by a human finger, the 
element should preferably be no more than 4 times as wide 
or high as the diameter of a finger in order to provide 
reasonable signal strengths. The element of FIG. 12 can be 
used to create a mini mouse pad or pointer control, for 
example for use by those with minimal appendage mobility, 
whereby very Small motions of a fingertip or other append 
age control an appliance or GUI. 
0160 Point-Screen 2DCT Operation 
0.161 The 2DCT element is suited to use in a point 
mode where the user Simply points at the Screen. The easily 
correctable pin cushion and use of a single element mean 
that fields are not localized to short distances. As a result, the 
invention can be used as a point Screen device with 
reasonable accuracy in most menu-based graphical inter 
faces. 

0162 This mode of operation can be extremely beneficial 
in hygiene applications Such as in hospitals, but also in 
ordinary consumer usage modes to prevent Screen Smudg 
ing. 
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0163) 2DCT Drive Circuitry 
0164 Refer now to FIG. 13, wherein is shown preferred 
(but not essential) drive circuitry for the 2DCT application 
of the invention. This circuit is of the same type as shown in 
my co-pending U.S. application 60/42283728 but applied 
to all 4 electrodes (or 6 electrodes in the case of FIG.9, etc). 
The repeated switching of switches 1302, 1303, 1304 at 
locations A, A, A", A", B, B', B", B", and C, C, C", C" are 
performed Simultaneously at each electrode So as to inject 
and measure charge using four capacitors, also referred to as 
Sampling capacitors, Cs, 1305, at equal moments in time. 
This is performed via Switch controller 1307. Signal outputs 
are the tabulated number of Switching cycles for each 
electrode required to exceed a threshold Voltage Vt, as 
determined by a voltage comparator 1301. The tabulation of 
cycle counts for each electrode is performed by four 
counters at 1306. 

0.165. The operation of this circuitry is explained more 
fully in my U.S. application 60/42283728), incorporated 
by reference herein. 
0166 The invention can alternatively employ any of the 
Switching Sequences and topologies as described in my U.S. 
Pat. No. 6,466,03634), incorporated herein by reference. 
0167 Signal processing circuitry is shown in FIG. 14, 
wherein the four electrode Signals are input to the processing 
circuitry which in turn computes a coordinate result. A logic 
block, microcontroller, or other hardware or Software is used 
to perform the calculations necessary to achieve the desired 
output. The block of FIG. 14 is usually a part of another 
System, Such as a personal computer, process controller, 
appliance and So on, and the output may be only an 
intermediate result in a larger process. 
0168 FIG. 15 shows a preferred embodiment of the 
invention wherein a single microcontroller 1501 performs 
the Switching functions of FIG. 13, plus performs the signal 
processing of FIG. 14. The Switching functions can be 
performed in Software on a conventional I/O port, or with an 
on-chip hardware capacitive conversion peripheral. Signal 
processing is performed in Software to achieve the desired 
coordinate output. This output could be a mere intermediate 
result used to control a larger process, and the output shown 
may only exist as numbers inside the chip. 
0169. Alternatively the invention can use any capacitive 
or resistive Sensing circuit described in literature. The gra 
dient response of the element is normally the same regard 
less of the type of drive circuitry. The invention is not reliant 
on any one acquisition method. 
0170 Materials, Fabrication 
0171 The 2DXT element is preferably made of a clear 
conductor of Suitable resistance on the back of a glass or 
plastic sheet covering the display, if a touchscreen, or over 
a Suitable dielectric Substrate if a mousepad, etc. 
0172. As described in various other patents, the need for 
low-R bus-bars (under about 200 ohms end-to-end) on the 
edges causes all manner of driving, power, Stability, and 
repeatability issues. It is highly desirable to use materials 
with a much higher resistance than currently in widespread 
use. Most ITO (Indium Tin Oxide) layers such as those 
produced by CPFilms, USA, or when custom-sputtered onto 
a Surface, have resistances around 300 ohms per Square. It is 
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highly desirable to elevate this resistance to the neighbor 
hood of 500 to 2000 ohms per square, so that the stripe and 
bus-bar resistances can be made in the region of 25K ohms 
and up from end to end. 
0.173) One method of increasing bus-bar and stripe resis 
tance from low resistance materials is to use a meandering 
path or Zig-Zag pattern So as to increase track length. 
Conventional low-resistance ITO or Tin-Oxide coatings can 
be etched or patterned to have intentional voids (“Swiss 
cheese approach), thus raising the resistance. The Stripes 
and bus-bars can also be made Suitably thin So that the 
resistance is high enough to be more optimal. 
0.174 Ideal materials however will have an intrinsic 
resistance of about 500 to 1,000 ohms per square or more, 
or can be modified to become so. Agfa's OrgaconTM con 
ductive polymer is one material that has Such a high intrinsic 
resistance and is also clear, making it usable in touch-Screens 
over displayS. A particularly low cost material is carbon 
based ink, well known in the electronics trade, however 
being opaque this material is better Suited for tablet or 
mousepad applications. 
0.175. The above being said, there is no requirement for 
any particular element resistance value, and the driving 
circuitry can be adapted to almost anything with varying 
degrees of difficulty. In theory the only requirement is that 
the elements have a non-Zero resistance. However the bus 
bar resistances should preferably be comparable or lower in 
value than the aggregate parallel value of the Stripes in order 
to reduce Y-axis pin cushion. A greater number of Stripes 
would generally mean a higher resistance per Stripe to 
achieve the same effect, the pin cushion being related to the 
total bridging resistance between Stripes, the bridging resis 
tance being the parallel equivalent value of the Stripes. 
Stripes located towards the center of the bus-bars have a 
disproportionate effect on pin cushion. 
0176 Patterning of the element into bus-bars and stripes 
can be via Vapor deposition using a Suitable Stencil to 
prevent unwanted areas of coating, or via Silk Screening to 
create the desired pattern, or via pad-printing, or via laser 
Scribe or chemical etching or chemical reaction, or any other 
process which can create a patterned layer. In the case of 
conductive polymer Agfa Orgacon", the pattern can be 
created by using Sodium hypochlorite to force areas to 
become non-conductive via chemical reaction without 
actual material removal. 

0177 Fabrication can entail the use of normal touch 
Screen or touchpad methods Such as vapor deposition of 
appropriate materials onto a glass sheet placed in front of a 
display. 
0.178 In-mold decorating (“IMD”) entails the use of a 
graphic sheet or layer placed inside the injection mold or 
cast prior to the introduction of fluid plastic. Once molded, 
the layer becomes an integral part of the resultant plastic 
piece. In the case of a 2DCT, a conductive element of the 
type according to the invention is placed in the mold for a 
display cover; when injected, the conductive layer becomes 
fused to one side of the cover. In this way complex cover 
shapes, including those having compound curves, can be 
created which include an integral 2DCT at extremely low 
COSt. 

0179 Electrode connections can be made via wires 
bonded to the corners, or via conductive rubber pillars, or 
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using metal Springs, etc. Conductive rubber is a method of 
choice for very low cost connection from an underlying PCB 
containing the driver circuitry. FIG. 16 shows such a con 
struction method in cross-section. Display 1601 is viewed 
through cover lens 1602 and sensing element 300. Element 
300 is connected via at least four corner electrodes through 
conductive rubber posts, of which two 1603a , 1603b are 
shown, to PCB 1604. The entire assembly is placed under 
compression via Screws, clamps or other fastener System 
(not shown) So that the rubber posts are compressed and thus 
forced to make contact between PCB 1604 and element 300. 

0180. The element can also be fabricated from molecular 
Substances having anisotropic conduction. For example, a 
conductive polymer can be envisioned having conductivity 
that is much better in one direction than another. Such 
materials based on nanostructures have been described in the 
literature, for example in literature from Helsinki University 
of Technology. 

0181 2DXT Stripe Weighting 

0182 One embodiment of the invention weights the 
Stripes. So that the ones near center-Screen are either spaced 
further apart or have a higher resistance or both. The effect 
of this is to reduce the amount of inherent pin cushion. 
However, tests have shown that while this in fact is what 
happens, it also means that there will be a loSS of Signal in 
the center of the element, and/or there will be drive problems 
through the resultant higher resistance and lower finger 
coupling to neighboring traces. In practice this approach is 
not deemed to be efficacious, and is mentioned here only for 
completeness. 

0183) 2DCT Acquisition Manipulation 

0184 Problems associated with 2DCT's include interfer 
ence from outside electroStatic or radio Sources having a 
frequency at the operating frequency of the element, or Some 
harmonic thereof. These problems can be attenuated by 
using a modulated operating frequency for the Signal acqui 
Sition So as to reduce or prevent Signal-noise aliasing or 
beating. This can involve the use of frequency hopping, 
chirps, or pseudo-random frequency modulation. These 
methods are known as spread-spectrum modulation. 

0185. Post processing can include the use of majority 
Vote filtering, median filtering, averaging, and So on to 
reduce the residual effects of noise that are already attenu 
ated by means of the frequency modulation. 

0186 Low frequency interference can be caused by local 
mains fields and so on. This form of interference can be 
attenuated by Synchronizing the acquisition to the interfering 
Source, for example 50 or 60 Hz, as described in the 
datasheet for the Quantum Research Group Ltd (UK) QT310 
device 40). 

0187 2DCT Driven Shield 
0188 The element is compatible with driven shield meth 
ods to reduce interference from LCD displays, VFD switch 
ing, etc. This entails the use of a conductive plane behind the 
element positioned between the element and the interfering 
Source. A drive Shield can also protect against Signal distur 
bance from motion behind the element. Driven back-shields 
are commonly used in the construction of 2DCTs. 
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0189 2DCT Wake-Up 
0190. In many applications it is desirable to have a 
wakeup function, whereby the entire device sleeps or is 
in Some quiescent or background State. In Such cases, it is 
often desirable to have a wake Signal from mere proximity 
of a human body part Some distance away. 
0191 The element can be driven as a single large capaci 
tive electrode without regard to position location, while the 
unit is in the background State. During this State the elec 
tronic driver logic looks for a very Small change in Signal, 
not necessarily enough to proceSS as a 2D coordinate, but 
enough to determine that an object or human is in proximity. 
The electronics then wakes up the overall system and the 
element is driven So as to become a true 2DCT once again. 
0192 Tablet, Mouse Pad Usage; Injection Mode 
0193 The element of the invention in 2DCT mode is 
Suitable as a mouse pad, or as a tablet type input device. In 
these roles, there is no need for optical transparency. A Stylus 
can be used with the element either to pick up a radiated 
electric field from the element, or to inject a Signal into the 
element, or to act as a human finger. 
0194 In injection mode, the element of the invention 
merely operates in reverse. A signal from a tethered pen is 
injected capacitively into the element in a region Surround 
ing the point of contact. The Signal is then apportioned 
rationetrically to the four corner electrodes, from whence it 
can be picked up and conveyed to a measurement circuit of 
almost any type already described in literature and then 
processed to create an indicative result. The pin cushion 
result operates in Substantially the same way in injection 
mode as it does in a 2DRT or 2DCT mode; the vector 
gradients are the Same. 
0195 2DxT Uncorrected Mode 
0196) Many applications do not require linearization of 
the result. These are principally those applications involving 
human interfaces of low resolution, for example for menu 
button Sensing and the like. In Such applications, the element 
and related Signal acquisition circuitry can dispense with the 
linearization Step and Simply generate the raw output. Addi 
tional System logic would interpret 2D coordinate bound 
aries as being touch buttons, the boundaries being defined at 
the time of software development. 
0197) If the ratio of stripe-to-bus-bar resistance is high 
enough, the accuracy of the raw processed result may be 
acceptable for direct use. For example, if the resulting 
coordinate error of an element is only 5% but is repeatable, 
the element may be perfectly Suitable for uncorrected menu 
button detection over a display where the buttons do not 
occupy less than 10% of the height of the element. If the 
buttons are principally located near the horizontal centerline 
of the element, or along the left or right Sides, the distortion 
could be negligible and if So, no linearization correction 
need be applied. 
0198 Summary The invention is at its basic reduction, an 
element whose purpose is to provide for an improved form 
of 2D Sensing device via anisotropic conduction, plus, 
optionally, a method to correct the distortions of the raw 
computed coordinate result. The mode of operation (includ 
ing but without limitation, galvanic or capacitive modes), 
the use to which it is put, and whether it is used as a receiver 
of Signals from a stylus or a Sensor of passive touch is not 
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of prime importance to the invention. What is important is 
the anisotropic Structure of the element and the form of 
positional error it produces, and the optional methods dis 
closed herein for correcting the error. 
0199 An important aspect of sensing elements of 
embodiments of the invention is that they can be made as a 
Single-layer having a core that conducts well galvanically in 
a first predetermined direction, but Suppresses conduction in 
a Second direction orthogonal to the first, i.e. it has aniso 
tropic conductivity, plus, the core is bounded by a resistive 
border to make the whole element. The element furthermore 
has four electrodes in the corners and which are driven 
and/or Sensed by an electronic circuit to create a resulting 
output indicative of touch position. 
0200. There are many variations possible as will become 
evident to those skilled in the art, involving various com 
binations of detection methods or Switch Sequences outlined 
Specifically herein. The methods disclosed herein can be 
combined with other methods as taught in any number of my 
prior patents including methods for drift compensation, 
calibration, moisture Suppression using short Switch closure 
times, and the like. Particular note should be made of the 
various possible combinations of features disclosed in my 
own prior art involving capacitive Sensing methods, all of 
which are incorporated herein by reference; also note the 
capacitive products as described in the datasheets of Quan 
tum Research Group Ltd (UK), many of which have features 
germane to the instant invention. 
0201 It is also possible to warp the invention into 
unusual shapes as disclosed by Pepper. Such transformations 
may prove useful in object position Sensing for example in 
industrial Settings, where location along a cylinder, Sphere, 
or other curved Surface might be important. 
0202) It will be appreciated that although particular 
embodiments of the invention have been described, many 
modifications/additions and/or Substitutions may be made 
within the Spirit and Scope of the present invention. 
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What is claimed is: 
1. A touch Sensitive position Sensor comprising: 
a Substrate defining a touch Sensitive platform; 
first and Second resistive bus-bars arranged Spaced apart 

on the Substrate; and 
an anisotropic conductive area arranged between the 

bus-barS Such that currents induced in the anisotropic 
conductive area flow preferentially towards the bus 
bars. 

2. A touch Sensitive position Sensor according to claim 1, 
wherein the bus-bars each have a resistance of between 1 kS2 
and 50 kS2. 

3. A touch Sensitive position Sensor according to claim 1, 
wherein the bus-bars have Substantially the same resistance. 

4. A touch Sensitive position Sensor according to claim 1, 
wherein the anisotropic conductive area provides a resis 
tance between the bus-bars of between 1 kS2 and 50 kS2. 

5. A touch Sensitive position Sensor according to claim 1, 
wherein the resistance of each of the bus-bars is less than the 
resistance between them provided by the anisotropic con 
ductive area. 
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6. A touch Sensitive position Sensor according to claim 1, 
wherein the anisotropic conductive area comprises a film of 
molecular Substance having anisotropic conduction Sup 
ported on a Substrate. 

7. A touch Sensitive position Sensor according to claim 1, 
wherein the anisotropic conductive area comprises a plural 
ity of resistive Stripes connecting in parallel between the 
bus-bars. 

8. A touch Sensitive position Sensor according to claim 7, 
wherein the resistive Stripes are formed from Sections of 
resistive wire. 

9. A touch Sensitive position Sensor according to claim 7, 
wherein the resistive Stripes are formed from a resistive 
material deposited on a Substrate. 

10. A touchSensitive position Sensor according to claim 7, 
wherein the resistive Stripes have widths that are greater than 
gaps formed between adjacent ones of the resistive Stripes. 

11. A touch Sensitive position Sensor according to claim 1, 
further comprising a conductive overlay Separated from the 
anisotropic conductive area Such that the conductive overlay 
and the anisotropic conductive area may be brought into 
contact by externally applied pressure. 

12. A touchSensitive position Sensor according to claim 1, 
wherein the first resistive bus-bar extends between a first and 
a Second electrode and the first resistive bus-bar extends 
between a third and a fourth electrode, the position Sensor 
further comprising first, Second, third and fourth drive 
channels associated with respective ones of the first, Second, 
third and fourth electrodes, each drive channel being oper 
able to generate an output signal dependent on the resistance 
between its electrode and the position of the object. 

13. A touch Sensitive position Sensor according to claim 
12, further comprising a processor operable to generate an 
estimate for the position of the object by comparing the 
output signals from the drive channels. 

14. A touch Sensitive position Sensor according to claim 
13, wherein the processor is configured to estimate the 
position of the object in a first direction running between the 
bus-bars from a rationetric analysis of the Sum of the Signals 
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asSociated with the first and Second electrodes and the Sum 
of the Signals associated with the third and fourth electrodes. 

15. A touch Sensitive position Sensor according to claim 
13, wherein the processor is configured to estimate the 
position of the object in a Second direction running along the 
bus-bars from a rationetric analysis of the Sum of the Signals 
associated with the first and third electrodes and the Sum of 
the Signals associated with the Second and fourth electrodes. 

16. A touch Sensitive position Sensor according to claim 
13, wherein the processor is further operable to apply a 
correction to the estimated position according to a pre 
determined distortion associated with the platform. 

17. A touch Sensitive position Sensor according to claim 
16, wherein the pre-determined distortion is a one-dimen 
Sional pin-cushion distortion. 

18. A control panel incorporating a touch Sensitive posi 
tion Sensor comprising: 

a Substrate defining a touch Sensitive platform; 
first and Second resistive bus-bars arranged Spaced apart 

on the Substrate; and 

an anisotropic conductive area arranged between the 
bus-barS Such that currents induced in the anisotropic 
conductive area flow preferentially towards the bus 
bars. 

19. An apparatus having a control panel incorporating a 
touch Sensitive position Sensor comprising: 

a Substrate defining a touch sensitive platform; 
first and Second resistive bus-bars arranged Spaced apart 

on the Substrate; and 

an anisotropic conductive area arranged between the 
bus-barS Such that currents induced in the anisotropic 
conductive area flow preferentially towards the bus 
bars. 


