Sensor CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s application clains
priority from GB0905037.8 filed 25 March 2009, the contents of which are

i ncl uded weoenreiomobger ef er ence. BACKGROUND OF THE | NVENTI @NTAGB2Bioaloos46f t he

I nvention The present invention relates to a sensor for generating

el ectrical signals indicating properties of a mechanical interaction within
a sensing zone, and a nethod of generating electrical signals indicating
properties of a nechanical interaction within a sensing zone of a sensor.
2. Description of the Related Art United Kingdom Patent No. 2 365 532, in
the nane of the present applicant, discloses a flexible al phanuneric
keyboard fabricated fromtextile faBensor The construction of the flexible
al phanuneric keyboard utilises first and second textile fabric conductive
| ayers. The docunent teaches the provision of separating neans to ensure
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and net hoq?é 86nt8ﬁ&%f%ﬁi8l9 af{'%‘ %ﬂqﬁgiﬁéﬁ érgfer%hcé_he | ocation and applied

pressure of an object touc uch e assenbly of the touchpad
i ncludes X and Y position and pressure sensitive sem conductor resistance
sensor | ayers. The position sensor |ayers are arranged to cone into contact

at a contact point when BACKBROUNDQR THE INENTEMNad. Probl ens have been

found with sensors that utilise separating neans

1. Field of the Invention

The present invention relates to a sensor for generating electrical
signals indicating properties of a mechanical interaction within a sensing zone,
and a method of generating electrical signals indicating properties of a

mechanical interaction within a sensing zone of a sensor.

2. Description of the Related Art

United Kingdom Patent No. 2 365 532, in the name of the present
applicant, discloses a flexible alphanumeric keyboard fabricated from textile
fabrics. The construction of the flexible alphanumeric keyboard utilises first and
second textile fabric conductive layers. The document teaches the provision of
separating means to ensure that the first and second conductive textile fabric
layers are normally spaced apart, yet to allow the first and second conductive
layers to make contact during a mechanical interaction.

United States Patent No. 5,943,044, in the name of Martinelli et al,
discloses a touchpad assembly and method for generating signals indicative of
the location and applied pressure of an object touching the touchpad. The
assembly of the touchpad includes X and Y position and pressure sensitive
semiconductor resistance sensor layers. The position sensor layers are

arranged to come into contact at a contact point when the object touches the



between first and second conductive | ayers. A production problemwth this
type of sensor is that a manufacturing overhead exists due to the

requi remewo 20/1P916i de reliabl e separating means. A posPCprGaramGoaidépr obl em
with this type of sensor is that false triggering nmay destroy the
functionality of the sensor. These pr@blens are particular prevalent with
sensors that are configured to allow a degree of flexing, since the
functionality of the separating neans tends to degrade nore quickly than
nore rigid sensors. BRI EF SUMVARY OF THE | NVENTI ON According to a first
aspect of the present invention, there is provided a sensor for generating
el ectricaly sh ?&Is I ndicating a positional property and an extent property
of a nmechanical interaction within a sensing zone, said sensor conprising a

plurality of cppsbisink\faveay&srf fourdidits SeRsb/ehat utili®aséparatihg miéarkonduct i ve
| ayer having a first conductive area having a first electrical term nal and

a second béeden fiagh dner séctald condilotioe rlayers. Aopreeitictiom proiemwnith thisd
configured to allow an electrical potential gradient to be established

bet ween sbhipe dfisesisoelscitiat acaanufecivringloveritashexistsatiente tbegequireraent er i nal |
in a first direction, and a second conductive |ayer having a second
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sensor is config su hat cont act | ayers 1s all owed

during thg @dsradeenére QUIBKHMENGAbrd Mgi@lsapsd®n W t hin said sensing zone.
According to a second aspect of the present invention, there is provided

BRIEF SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a
sensor for generating electrical signals indicating a positional property and an
extent property of a mechanical interaction within a sensing zone, said sensor
comprising a plurality of conductive layers, that comprises at least: a first
conductive layer having a first conductive area having a first electrical terminal
and a second electrical terminal in electrical connection therewith and
configured to allow an electrical potential gradient to be established between
said first electrical terminal and said second electrical terminal, in a first
direction, and a second conductive layer having a second conductive area
having a ‘fhird electrical terminal in electrical connection therewith; and said
sensor is configured such that an electrical path is established between said
first conductive area and said second conductive area during a mechanical
interaction within said sensing zone; at least one of said plurality of conductive
layers is a pressure-sensitive conductive layer comprising a quantum
tunnelling conductance(qgtc) material, and said sensor is configured such that

contact between conductive layers is allowed during the absence of a



a sensor according to the first aspect of the invention described above,
wherein said third electrical terminal is a sheet termnal. According to a
third aspeot2omfioptse present invention, there is provi dedC/GEaBm00R6cor di ng
to the first aspect of the invention described above, wherein said second
conductive area has a fourth electrica termnal connected thereto and is
configured to allow an electrical potential gradient to be established
between said third electrical termnal and said fourth electrical term nal
in a second direction that is substantially perpendicular to said first
direction. According to a fourth aspect of the present invention, there is

provi ded a t hod, o ener ating el ectri i gnal s indicating a positional
property g}%ﬁgﬂlcgwgq@ctb%ygbw%aé S%"?@iﬁérﬁ?‘cal interaction within a
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| ayer, between said firSt electrical termnal and said second el ectri cal

t er m nal , wiherelaisdid thirdtelettrieal témminalris assheehtermirialr st vol t age from sai d
third electrical termnal, to produce a first positional value, processing
said first posiActonding toeh third aspeaidfithe prasentinveotion.i tbeeg isppropidedya of a
mechani cal interaction, establishing an electric potential fromone of said
first el e6eRsQUACCOENRG fathexAtst agpectafdbadnvandien dessribed pRpyR Werelhi d fi r st
conductive ] ayer, roduce a firs sai,d first current
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second current value in conbination with

According to a fourth aspect of the present invention, there is provided

a method of generating electrical signals indicating a positional property and
an extent property of a mechanical interaction within a sensing zone of a
sensor, comprising the steps of: receiving a sensor according to the first
~aspect of the invention described above, establishing an electric potential
gradient across said first conductive layer, between said first electrical terminal
and said second electrical terminal, in said first direction, receiving a first
voltage from said third electrical terminal, to produce a first positional value,
processing said first positional value to produce a first positional property of a
mechanical interaction, establishing an electric potential from one of said first
electrical terminal and said sécond electrical terminal of said first condubtive
layer, to produce a first current, measuring said first current from said third
electrical terminal of said second conductive layer, to produce a first current
value, establishing an electric potential from the other of said first electrical
terminal and said second electrical terminal of said first conductive layer, to

produce a second current, measuring said second current from said third

electrical terminal of said second conductive layer, to produce a second



said first current value to produce an extent property of a nechani cal

I nteraction. According to a fifth aspect of the present invention, there is
provi ded wormetonosisef generating el ectrical signals indi eaTiGROB/OBGtL i onal
property and an extent property of a mechanical interaction within a
sensing zone of a sensor, conprising jhe steps of: receiving a sensor
according to the third aspect of the invention described above,
establishing an electric potential gradient across said first conductive

| ayer, between said first electrical termnal and said second el ectri cal
termnal, in said first direction, receiving a first voltage from one of
said third electrical term nal and said({ourth e“ectrical.te{nin§b of said
second co?iﬂ[ﬁﬁti‘(?é”%a%fé Pracsspipg R Sgeeng SRk Yalig g, cqnmabipdion, Wi assi ng
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sai d secqﬂgﬂgﬁﬂgfctive | ayer, between said third electrical termnal and
said four el'ectrical termnal, in said second direction, receiving a

second vol t ageatsqaingne Lfifts dsPett dfthe Presdritiigadntionr maralis proliged d second
electrical termnal of said first conductive |ayer, to produce a second

posi t i onaietldi6ef gericrathsg elegtrival dighatsoindicptisg @i posilionallpneparty pnddoce a
second positional value of a nmechanical interaction, establishing an
el ectri c exephpiopertyrofa meshamicaldnteragtion: withie @ serwing Zepaiohal sensdr.sai d
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a second guyRNLlectrical terminal, in said first direction, receiving a first voltage from
one of said third electrical terminal and said fourth electrical terminal of said
second conductive layer, to produce a first positional value, processing said
first positional value to produce a first positional value of a mechanical
interaction, establishing an electric potential gradient across said second
conductive layer, between said third electrical terminal and said fourth
electrical terminal, in said second direction, receiving a second voltage from
one of said first electrical terminal and said second electrical terminal of said
first conductive layer, to produce a second positional value, processing said
second positional value to produce a second positional value of a mechanidal
interaction, establishing an electric potential from one of said first electrical
terminal and said second electrical terminal of said first conductive layer, to
produce a first current, measuring said first current from one of said third
electrical terminal and said second electrical terminal of said second
conductive layer, to produce a first current value, establishing an electric
potential from the other of said first electrical terminal and said second

electrical terminal of said first conductive layer, to produce a second current,

measuring said second current from the other of said third electrical terminal



measuring said second current fromthe other of said third electrical

term nal and said fourth electrical termnal of said second conductive

| ayer, towproouoeisa second current val ue, and processi n@CTAIBLNAD0IIA
current value in conbination with said first current value to produce an
extent property of a mechanical intergfction. BRI EF DESCRI PTION OF THE
SEVERAL VI EWs OF THE DRAWNGS Figure 1 illustrates a sensor for generating
el ectrical signals indicating a positional property and an extent property
of a mechanical interaction within a sensing zone; Figure 2 illustrates
features of a physical arrangenent of a plurality of conductive |ayers;
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configuration as descri Wi eference to Figure 3; Figure 5 illustrates

a fOU!‘-tq‘.‘CIQEH'@hCQhrﬁgFé’dﬁgﬁ! configuration for providing a sensor with
functionality for indicating first and second positional properties and an

extent property of a mechanical interaction; Figure 6 shows steps in a
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sensing zone; '

Figure 2 illustrates features of a physical arrangement of a plurality of
conductive layers;

Figure 3 shows a three-terminal electrical configuration for providing a
sensor with functionality for indicating a positional property and an extent
property of a mechanical interaction;

Figure 4 shows steps in a procedure for generating a positional property
and ‘an extent property of a mechanical interaction with a sensor having a
three-terminal electrical configuration as described with reference to Figure 3;

Figure 5 illustrates a four-terminal electrical configuration for providing a
sensor with functionality for indicating first and second positional properties
and an extent property of a mechanical interaction;

Figure 6 shows steps in a procedure for generating ﬁrét and second
positional properties and an extent property of a mechanical interaction with a
sensor having a four-terminal electrical configuration as described with
reference to Figure 5;

Figures 7-11 each shows a different arrangement of a plurality of

conductive layers utilisable in a sensing zone, each arrangement comprising at

least one layer comprising a gtc material;



| east one layer conprising a qtc material; Figure 12 shows a sensing zone
arrangenent; Figure 13 shows steps in a procedure for generating first and
second posotommabisproperties and an extent property of aCwEHaDe346
interaction with a sensor using a four-ternminal electrical configuration as
described with reference to Figure 5 @nd the sensing zone arrangement of
Figure 12; Figure 14 shows a sensing zone provided by a matrix of rows and
colums; Figure 15 shows steps in a procedure for generating first and
second positional properties and an extent property of a nechani cal
interaction with a sensor using a four-ternminal electrical configuration as
described with reference to ure 5 and the sensing zone arrangenent of
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sensors 9 electrically connected to act as a single sensor;
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nmechani cal interactions within a sensing zone; Figure 22 shows a sensor
conf i gur agfdrenges tovFigere 5 samdshasensinhyzooeraciengemant of higureid; Fi gure 23
shows a sensor_configured to present a substantjally annul ar -sensing zone;
Fi gure 24 shovidgaref dét showsgpbersing @eneoproyidegobyi renaliiy el ravesnandg

columns;

Figure 15 shows steps in a procedure for generating first and second
positional properties and an extent property of a mechanical interaction with a
sensor using a fourterminal electrical configuration as described with
reference to Figure 5 and the sensing zone arrangement of Figure 14;

Figure 16 illustrates an example method of production of ia sensor,

Figure 17 shows a first application of a sensor having the construction
described herein;

Figure 18 shows a flexible sensor;

Figure 19 shows first and second sensors;

Figure 20 shows the first and second sensors of Figure 19 electrically
connected to act as a single sensor;

Figure 21 shows a sehsor arranged to detect simultaneous muitiple
mechanical interactions within a sensing zone;

Figure 22 shows a sensor configured to provide a substantially circular
sensing zone;

Figure 23 shows a sensor configured to present a substantially annular
sensing zone,

Figure 24 shows a further application for a two-dimensional sensing
zone;

Figure 25 shows a sensor having a substantially three-dimensional



zone; Figure 25 shows a sensor having a substantially

t hree- di nensi onal sensi ng zone; and Figure 26 shows a controller configured
to recogrweeowrwsses and gestures. DESCRI PTI ON OFTHE BEBTTMI2E0AGRS4EARRYI NG
OUT THE I NVENTION Figure 1 Figure 1 illustrates a sensor 101 for generating
el ectrical signals indicating a posityonal property and an extent property
of a nechanical interaction within a sensing zone. Sensor 101 conprises a
plurality of conductive layers that conprises at |least a first conductive

| ayer 102 and a second conductive |layer 103. At |east one of the plurality
of conductive layers is a pressure sensitive conductive |layer conprising a
gquantum tunnel I i ng conductance (qtc) material. Descriptions of exanples of
quantun1tiﬁWﬂﬂg?Qé%wﬁﬂﬁductance (gtc) material materials can be found in US

6, 291, 568 and eaclh | f & igpgnt . The
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during t ahsgnce of a mechanical interaction within the sensing zone. As

will be scribed in further detail below the plurality of conductive
| ayers of the sensor is provided with an arrangenent of el ectrical
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interaction to be determ ned. In co-ordi nates, a three-term nal

sensi ng aﬁlrar}génent allows a nmeasurenent in the X-axis or Y-axis direction,
al ong wi t 9% frdasur ement in

Figure 1 illustrates a sensor 101 for generating electrical signals
indicating a positional property and an extent property of a mechanical
interaction within a sensing zone. Sensor 101 comprises a plurality of
conductive layers that comprises at least a first conductive layer 102 and a
second conductive layer 103. At least one of the plurality of conductive layers
is a pressure sensitive conductive layer comprising a quantum tunnelling
conductance (qgtc) material. Descriptions of examples of quantum tunnelling
conductance (qgtc) material materials can be found in US 6,291,568'and usS
6,495,069 each in the name of the present applicant. The sensor is configured
such that contact between conductive layers is allowed during the absence of
a mechanical interaction within the sensing zone.

As will be described in further detail below, the plurality of conductive
layers of the sensor is provided with an arrangement of electrical terminals (not
shown in this Figure). The electrical terminals may be arranged to provide the
sensor with a three-terminal sensing arrangement, to allow a single positional
value and an extent value of a mechanical interaction to be determined. In
Cartesian co-ordinates, a three-terminal sensing arrangement allows a
measurement in the X-axis or Y-axis direction, along with a measurement in
the Z-axis direction. The electrical terminals may be arranged to provide the

sensor with a four-terminal sensing arrangement, to allow first and second



the Z-axis direction. The electrical termnals may be arranged to provide
the sensor with a four-term nal sensing arrangenent, to allow first and
secondposwoi2oraioonsal ues and an extent val ue of a mechaniPCalGB2ntogoasbi on t o
be determned. In Cartesian co-ordinates, a four-term nal sensing
arrangenment allows a neasurenent in tge X-axis direction and the Y-axis
direction, along with a neasurenent in the Z-axis direction. Sensor 101 may
therefore conprise an electrical interface device 104 in electrica
connection with the electrical termnals of the plurality of conductive

| ayers. Sensor 101 is configured to respond to a nechanical actuator. In an
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Figure 2

Figure 2 illustrates features of a physical arrangement of conductive
layers 102 and 103 of Figure 1.

During the absence of a mechanical interaction, the conductive layers

“are considered to be in a rest condition. During a mechanical interaction, the
conductive layers are considered to be in a deformed condition.

An instance of a mechanical interaction is shown at 201. During the
mechanical interaction, the first and second conductive layers 102, 103 are in
physical ‘contact. An instance of an absence of a mechanical interaction is
shown at 202. During the absence of a mechanicél interaction, the first and
second conductive layers 102, 103 may or may not be in physical contact. Any
contact between the first and second conductive layers during the absence of
a mechanical interaction is due to the topography of these layers when in the
rest condition.

According to this illustrated example, second conductive layer 103
comprises a quantum tunnelling conductance (qgtc) material. The qtc material is

deformation-responsive in that the qtc material has a resistance in a particular



conpri ses a quantum tunnel ling conductance (qtc) material. The gqtc materi al
I s deformation-responsive in that the gqtc naterial has a resistance in a
parti cul awoizoctpma and for a particul ar degree of def oPgRiGB2N10/00034bhat
particular direction, and a change of resistance is exhibited in response
to a change of degree of deformation gn that direction. The qtc materi al
may be nodelled as a variable resistor, with current flow dependent upon
degree of conpression, tension or torsion. Under applied force, the
resistance of the QTC material drops controllably and repeatably. A
conductive layer conprising a qtc material is herein terned a "qtcm | ayer".
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Cartesian co-ordinates in the Z-axis direction.

A conductive layer has a component of resistance across the layer and

a component of resistance through that conductive layer. During a mechanical

interaction within the sensing zone of the sensor, the gtcm layer experiences

deformation that results in a local change in the planar resistance and in the

depth resistance. The qtcm layer is pressure-responsive in that a change of .

depth resistance is exhibited at the site of a mechanical interaction, in

response to that mechanical interaction. The gtc material can be provided that

has a rest condition depth resistance that is high enough to inhibit current flow

yet has a deformed condition depth resistance that is low enough to enable

measurements of current flow.

The gtc material may thus be modelled as an insulator when in the at

rest condition and as a conductor when in the deformed condition. In an

example, a gtc material has a resistance of 1M ohm when in the rest condition,

but is able to display a resistance of below 10k ohm when in a deformed

condition. It is to be understood that the particular qtc material for use in a

sensor having the construction described herein should be chosen to provide

the desired degree of sensitivity required in order to detect the mechanical



condition. It is to be understood that the particular qtc material for use
in a sensor having the construction described herein should be chosen to
provi de twe 20mgiopsd degree of sensitivity required in oPdEGR2010d®0:6t t he
mechani cal i nteractions that are to be detected by the sensor. The

el ectrical characteristics of a qtc merial is such that a qtcmlayer is
utilisable within a sensor in a conductive |ayer arrangenent that allows
the qtcmlayer to be in physical contact with another conductive |ayer when
the sensor is in the rest condition. Advantages provided by this feature
are discussed throughout. An advantage of this feature is that it renoves

any requir Lt O i i etween the qgtcml a d
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the sensor may be onmitted. This allows for cost savings in the construction

of the segtear Jayehrtoughimphysicaltéomtadt rwitm anothemmoadottivertayer mdies theed i n t he
manuf acturing process, conplexity of the manufacturing process, duration of
t he manuf senseri isgimithe oest cooditinan dfdventagest pravidas biynthisifeatuse, arehe

om ssion of a separator |ayer provides for a relative reduction in the
overal | t@iseusieskthipudoyhrticul ar plurality of conductive layers. In turn,
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air gap, by an arrangement of insulating nodes such as may be provided by a
mesh or a pattern of individual elements. Clearly, the step of providing a
separator layer during the manufacture of the sensor may be omitted. This
allows for cost savings in the construction of the sensor, through a reduction in
one or more of: materials used in the manufacturing process, complexity of the
manufacturing process, duration of the manufacturing process, post-
manufacture testing. In addition, the omission of a separator layer provides for
a relative reduction in the overall thickness of a particular plurality of
conductive layers. In turn, this allows for a reduction in the dimensions of an
item, for example a mobile telephone, into which the sensor is fitted.

Without a separating layer, 'forée applied during a mechanical
interaction is transmitted more directly through the sensor than it is in a prior
art sensor. Thus, a sensor that does not include a separating layer between
the gtcm layer and another conductive layer is particularly useful in

applications in which it is anticipated that the mechanical interactions to be

detected will cause a relatively small deflection.



applications in which it is anticipated that the nechanical interactions to
be detected will cause a relatively small deflection.Figure 3 Figure 3

i1l ustratwe 2a10¢tvmse-t erm nal el ectrical configuration fecT@Boicdiongyea
sensor with functionality for indicating a positional property and an
extent property of a nechanical interggction. A first conductive |ayer 102
has a first conductive area having a first electrical termnal C1B and a
second electrical termnal CLT in electrical connection therewith, and
configured to allow an electrical potential gradient to be established
between themin a first direction DL. A second conductive |ayer 103 has a
second copductive area having a third electrical termnal RIRin electrical
connect i ol 94 €3ewi th. As shown in Figure 3, the first electrical termna

C1B and the Seﬁgpﬁq %‘Iﬁ%&r\%\}]%aé tt!tn‘térgle J.napél-gf:f?fcaf Eé@l‘fg&%%%‘f%&il&iﬁéer 102

are each line t ird electric t er m nal f second

conducti ve deA¥6F \Aﬂtﬂ?’fuhgti&aﬁi'f&?%r ihalcatingla p@éiﬁéﬁﬂeﬁf%ﬁbﬂyféﬁd dRte&dentni ng a

positional property and an extent property of a mechanical interaction are

|| 1 ust r at g@patty I la ansthidial Fraviion SRAirsEspRdidtivel lryerAi 020ias, a Jigst and 303,
first conductive |layer 102 is represented schematically as a potentioneter
and the residictive ared hakiegea fick alectecgl detmibat GdBranha $eéqosd electrisalcond
conductive layers 102, 103 is represented schematically as a variable

resi stor fevminah GHE iarelestjeateeannsictign thereyvitho And genfigdiredde allowaghlied to
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Figure 3, the first electrical terminal C1B and the second electrical terminal
C1T of first conductive layer 102 are each line terminals whilst the third
electrical terminal R1R of second conductive layer 103 is a sheet terminal.
Arrangements for determining a positional property and an extent property of a
mechanical interaction are illustrated at 301 and 302, 303 and 304
respectively. At 301, 302 and 303, first conductive layer 102 is represented
schematically as a potentiometer and the resistance of the conductive path
between the first and second conductive Iéyers 102, 103 is represented
schematically as a variable resistor Rv.
In the arrangement of 301, a positive voltage is applied to the electrical
terminal C1B of first conductive layer 102 whilst the other electrical terminal
CA1T of first conductive layer 102 is grounded, thereby establishing an electrical
potential gradient between them, in direction D1. During a mechanical
interaction, a voltage from the first conductive layer 102 is applied to the
second conductive layer 103 at the site of the mechanical interaction. A
measurement of voltage may be made from the electrical terminal R1R of

second conductive layer 103, thereby providing a voltage V1. V1 is directly

proportional to the distance of the centre of the mechanical interaction from the



measur enent of voltage may be made fromthe electrical term nal RIR of
second conductive |l ayer 103, thereby providing a voltage V1. V1 is
directly woapwrwpsaal to the di stance of the centre of trhe/greotva0DTIA
interaction fromtheelectrical termnal RLIR of the second conductive | ayer
103. Thus, a positional property of tfie mechanical interaction may be
derived fromV 1. It is to be appreciated that the roles of the electrical
termnals of the first conductive layer 102 in the arrangenent of 301 nay
be reversed. In the arrangenent of 302, a positive voltage is applied to
the electrical termnal C 1B of first conductive |ayer 102 whil st the other

bur i ng o lesienl taminal Rithet Isnseeon rnshetye BT APt hits POSEPIEL)
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vol t age HRARadd<rra At 301aRky beévdrsédi nal RIR of second conductive
| ayer 10@%&3eby prg:)vi ding a voIYage V2. V2 represents the voltage drop

across the resjrsiHerapingerkestvat 302, aepasitivel wlidge ds appliqu tpthet élenticat o t he
current flow ng between the electric termnal CLT of the first conductive
| ayer 102teantindl@1B|afdirsi canductiverilaysr TOPRwhilst the elbeselpatdsaldetmival | ayer
103 during the mechanical interaction. In the arrangenent of 303,
posi tive CdlTt afiefirst cappuctae dayernt0z| lécdlﬁpw%@@-npﬁlﬂf‘gcﬁ”@c}g‘?ﬂ'rcéf
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R1R of second conductive layer 103 is connected to ground via a resistor of a
known value. A measurement of voltage may be made from the electrical
terminal R1R of second conductive layer 103, thereby providing a voltage V2.
-V2 represents the voltage drop across the resistor of a known value and is
directly proportional to the current flowing between the electric terminal C1T of
the first conductive layer 102 and the electrical terminal R1R of the second
conductive layer 103 during the mechanical interaction.
In the arrangement of 303, a positive voltage is applied to the electrical
terminal C1T of first conductive layer 102 whilst the other electrical terminal
C1B of first conductive layer 102 is disconnected. The electrical terminal R1R
of second conductive layer 103 is connected to ground via a resistor of a
known value. During a mechanical interaction, a current flows from the first
electrical terminal C1T of the first conductive layer 102, to the electrical
terminal R1R of the second conductive layer 103, through the site of the
mechanical interaction. A measurement of voltage may be made from the

electrical terminal R1R of second conductive layer 103, thereby providing a

voltage V3. V3 represents the voltage drop across the resistor of a known



term nal RLR of the second conductive |layer 103, through the site of the
mechani cal interaction. A neasurenent of voltage may be nmade fromthe

el ect ri cavoeromopmsb RLR of second conductive |ayer 103, pCinaBebio/qosei di ng a
voltage V3. V3 represents the voltage drop across the resistor of a
knownval ue and is directly proportiongl to the current flow ng between the
electric termnal C1B of the first conductive |ayer 102 and the el ectrical
term nal RLR of the second conductive |ayer 103 during the nechani cal
interaction. As shown at 304, a relationship exists between the resistance
Rv of the conductive path through the first and second conductive | ayers

102, 103 during a nechanical interaction and the. neasured yolt s V2 and
V3. The redlveiikis dijesty propedianahiRithe suiRat i‘eﬂﬁ"*@r g?ﬁ\é?er"e\kﬁep?%ggic of V2
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pressure of mechanical 1n i on an e area of nechanical interaction.

Thus, an ext enhg BhEWA'4tY300! alrBRitIBREMP Rixistd bEfleintiel reBistancelRy 8ftheved from
V2 and V3. In an alternative arrangenent of a three-termnal electrical

conf i gur agbrductioe phatrethsough thenfitscand secomelbcorafuctive ldyerss 102 rid 3sthurimgd
conductive layers 102 and 103, the first and second electrical termnals C
1B, C1T o& friechanicahdoteraction apdr the 2measunede voliages eV2cand c¥3. tléeni nal RIR
of second conductive |ayer 103 are each line term nals. Wen Rro I di ng the
second cofesirtaneg: Rwaje Prapgtignainto the saim «af dhgareciprecalagf of2 & ghé@t
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dependent upon the magnitude of applied force or applied pressure of
mechanical interaction and the area of mechanical interaction. Thus, an extent
property of the mechanical interaction may be derived from V2 and V3.
In an alternative arrangement of a three-terminal electrical configuration
for the same conductive areas of the first and second conductive layers 102
and 103, the first and second electrical terminals C1B, C1T of first conductive
layer 102 and the third electrical terminal R1R of second conductive layer 103
are each line terminals. When providing the second conductive layer 103 with
a line terminal instead of a sheet terminal, it is found that the sensitivity of the
sensing arrangement to a mechanical interaction will increase as the distance

of the mechanical interaction from the line terminal decreases, hence this

effect must be compensated.

Figure 4

Figure 4 shows steps in a procedure 401 for generating a positional
property and an extent property of a mechanical interaction with a sensor
having the three-terminal electrical configuration of Figure 3.

At step 402, the electrical arrangement of 301 of Figure 3 is executed



Figure 4 shows steps in a procedure 401 for generating a positional
property and an extent property of a nechanical interaction with a sensor
havi ng t wotzhroeeotser m nal el ectrical configuration of FiPGUGB2810/080548t ep
402, the electrical arrangenment of 301 of Figure 3 is executedand a V 1
measurenment is nmade, to give a first fpsitional value. At step 403, the

el ectrical arrangenent of 302 of Figure 3 is executed and a V2 neasurenent
is made, to give a first extent value. At step 404, the electrical
arrangenment of 303 of Figure 3 is executed and a V3 neasurenent is nade, to
give a first extent value. At step 405, the first positional value is
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Figure 5

Figure 5 illustrates a four-terminal electrical configuration for providing a
sensor with functionality for indicating first and second positional properties
and an extent property of a mechanical interaction. A first conductive layer 102
has a first conductive area having a first electrical terminal C1B and a second
electrical terminal C1T in electrical connection therewith, and configured to
allow an electrical potential gradient to be established between them in a first
direction D1. A second conductive layer 103 has a second conductive area
having a third electrical terminal R1R and a fourth electrical terminal R1L in
electrical connection therewith, and configured to allow an electrical potential
gradient to be established between them in a second direction D2. In this
example, directions D1 and D2 are substantially perpendicular. As shown in
Figure 5, the first electrical terminal C1B and the second electrical terminal
C1T of first conductive layer 102 and the third electrical terminal R1R and the
fourth electrical terminal R1L of second conductive layer 103 are each line
terminals.

Arrangements for determining first and second positional properties and



C1T of first conductive layer 102 and the third electrical termnal RLR and
the fourth electrical termnal RLL of second conductive |ayer 103 are each
i ne terwoabw/i0fssangenents for determning first and fer@Bopa®iissonal
properties andan extent property of a nechanical interaction are
illustrated at 501 and 502, and 503, {04 and 505 respectively. At 501 ,

502, 503 and 504, first and second conductive layers 102 and 103 are each
represented schematically as a potentioneter and the resistance of the
conductive path between the first and second conductive |layers 102, 103 is
represented schematically as a variable resistor Rv. In the arrangenent of

501 , a positive voltage is applied. to the electrical ,term nal B of
first conduextent progeity eba mechanical irtematign %Pé@'ﬁ"ia(t,%ﬂ a‘f égl%m g‘éT of
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second conductive lTayer 103, whilst the other electrical termnal R1L of

t he secongedgmRidssiiductive fyeis 103, 163 ¢ rprasatéddchématicdlly a8 awiatiable a

voltage V1. V 1 is directly proportional to the distance of the centre of
t he mechardsistdr Rt eraction fromthe electrical termnal R 1R of the second
conductive |ayer 103. Thus, a first positional property of the mechani cal
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potential gradient between them, in direction D1. During a mechanical
interaction, a voltage from the first conductive layer 102 is applied to the
second conductive layer 103 at the site of the mechanical interaction. A
measurement of voltage may be made from the electrical terminal R1R of
second conductive layer 103, whilst the other electrical terminal R1L of the
second conductive layer 103 is disconnected, thereby providing a voltage V1.
V1 is directly proportional to the distance of the centre of the mechanical
interaction from the electrical terminal R1R of the second conductive layer 103.
Thus, a first positional property of the mechanical interaction may be derived
from V1. It is to be apbreciated that the roles of the electriéal terminals of the
first conductive layer 102 and the roles of the electrical terminals of the second
conductive layer 103 in the arrangement of 301 may be reversed.
In the arrangement of 502, a positive voltage is applied to the electrical
terminal R1R of second conductive layer 103 whilst the other electrical
terminal R1L of second conductive layer 103 is grounded, thereby establishing
an electrical potential gradient between them, in direction D2. During a
mechanical interaction, a voltage from the second conductive layer 103 is

applied to the first conductive layer 102 at the site of the-mechanical



term nal RLIR of second conductive |ayer 103 whilst the other electrical
termnal RLL of second conductive |ayer 103 is grounded, thereby

est abl i shwogoswviogisect ri cal potential gradi ent between tIiremGB2n10di00&6t i on
D2. During a nechanical interaction, a voltage fromthe second conductive

| ayer 103 is applied to the first congyctive [ayer 102 at the site of the
mechani cal i nteraction. A neasurenent of voltage nay be made fromthe

el ectrical termnal . C 1B of first conductive |ayer 102, whilst the other
electrical termnal C1T of the first conductive |layer 102 is disconnected,

t hereby providing a voltage V2. V2 is directly proportional to the distance

of the centre of the nechanical interaction Lromthe el e f)ri clal E Irm' nal
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the vol tagg Lop across the resistor of a known
In the arrangement of 503, a positive voltage is applied to the electrical

terminal C1T of first conductive layer 102 whilst the other electrical terminal

C1B of first conductive layer 102 is disconnected. The electrical terminal R1R

of second conductive layer 103 is conhected to ground via a resistor of a

known value, whilst the other electrical terminal R1L of second conductive

layer 103 is disconnected. During a mechanical intefaction, a current flows

from the électrical terminal C1T of the first conductive layer 102, to the

electrical terminal R1R of the second conductive layer 103, through the site of

the mechanicvazl }i-nteraction. .A rhéaéurement of voltage may be made from the

electrical terminal R1R of second conductive layer 103, thereby providing a

voltage V3. V3 represents the voltage drop across the resistor of a known

value and is directly proportional to the current flowing between the first electric

terminal C1T of the first conductive layer 102 and the electrical terminal R1R of

the second conductive layer 103 during the mechanical interaction. It is to be

appreciated that the roles of the electrical terminals of the second conductive

layer 103 and the roles of the electrical terminals of the first conductive layer

102 in the arrangement of 503 may be reversed.



value and is directly proportional to the current flow ng between the first
electric termnal CLT of the first conductive |ayer 102 and the el ectrical
term nal WORowi10pt3eé second conductive |ayer 103 during Phe/Grzetvznoda
interaction. It is to be appreciated that the roles of the electrical
termnals of the second conductive | ayer 103 and the roles of the
electrical termnals of the first conductive |layer 102 in the arrangenent
of 503 may be reversed.In the arrangenent of 504, a positive voltage is
applied to the electrical termnal R 1L of second conductive |ayer 103
whil st the other electrical termnal RLR of second conductive |ayer 103 is

connected o olbRETANSe S S SFosIvERSIALG df BRPfihi e FRetBeher -
lectrical termgal 2T of, firsk | [\ Sefli d.
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ClB of the rst conductive [ayer 102, through the site of the nechani cal

interactipng 4f fidTehadBive Ryer AbRagompicted twag®UNUOVtd eesiiter of iacal
termnal C1B of first conductive |layer 102, thereby providing a voltage V4.

V4 1 epr eskndwn tvatiey avhisy thel other atecdsal ttheminab C2iToof fifst @ohduostiveviayere and i s
directly proportional to the current flow ng between the electric term nal
RIL of thé&02éxdisdonneried:Purng ayeechepicalimderastion) 2 currephflowsfrermiie C 1B of

the first conductive |layer 102 during the nechanical interaction. It is to
be appr ecElectisal timinaleR{ b Qfsthgy SQQ?@%e‘FWF'E%ﬁa\feérm}]atPsth&f elefiticdecond
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interacti gpaRd) tBMINBRATHE bfv fitst aRiuMBveNdyef4102 hehereby providing a
voltage V4. V4 repreéents the voltage drop across the resistor of a known
value and is directly proportional to the current flowing between the electric
terminal R1L of the second conductive layer 103 and the electrical terminal
C1B of the first conductive layer 102 during the mechanical interaction. It is to
be appreciated that the roles of the electrical terminais of the second
conductive layer 103 and the roles of the electrical terminals of the first
conductive layer 102 in the arrangement of 504 may be reversed.
As shown at 505, a relationship exists bet‘we_er]}the resi_stance-Rv of the
conductive path through the first and sé'c.:onzd conductive layers 102, 103 during
a mechanical interaction and the measured voltages V3 and V4. The
resistance Rv is proportional to the sum of the reciprocal of V3 and the
reciprocal of V4. The resistance Rv of the conductive path through the first and
second conductive layers 102, 103 during a mechanical interaction is
dependent upon the magnitude of applied force or applied pressure of

mechanical interaction and the area of mechanical interaction. Thus, an extent

property of the mechanical interaction may be derived from V3 and V4.



resistance Rv is proportional to the sumof the reciprocal of V3 and the
reci procal of V4. The resistance Rv of the conductive path through the
first andweesm@dsenducti ve | ayers 102, 103 during a neehamdB2alo/doniser acti on
i s dependent upon the nagnitude of applied force or applied pressure of
mechani cal interaction and the area ofgnechanical interaction. Thus, an
extent property of the nechanical interaction nmay be derived from V3 and
V4. Figure 6 Figure 6 shows steps in a procedure 601 for generating first
and second positional properties and an extent property of a nechani cal
interaction with a sensor having the four-term nal electrical configuration
of Flguregg At step 602, the electrical arrangenent of 501 of Figure 5 is
executed A2 & 1 neasurenent is made, to give a first positional val ue.

22 neasur ene hiowfe Bl tgBg (LBl Go i dtnsiaf fisfiald sfESRE 5o
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measur enme to glve fir nt val ue. At step 605, the

electri Calseﬁécsram@fhb folir-Rhir eldctiivat configurai@sof Biguang. a V4 neasur ement
Is made, to give a tirst extent value. At step 606, the first positional

val ue i s procegsateg 603 the eletiricalt anparsgememtadf mbpéﬁgure'ﬁqlssemoutedmy
however be performed at any time after step 602. At step 607, the second
posi ti onakndad ¥4 ineapuremesd del nnaﬂagutogl\ee Qe’gﬁin@p?ptﬂmal ivalig. AbrsseReB03. Thi s
step may however be perfornmed at_an after 603.. At ste 608, the
first exté&f slaslisakhmirangemest ofld lQé’Ir%e afse eS‘PSE'@Qs@ﬂ‘ i @ Mbi nat i on
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arrangermeiy ec%caﬁl aplja%éJn'etnY oPtSOB of Figure 5 is executed and a V3 measurement
is made, to give a first extent value. At step 605, the electrical arrangement of
504 of Figure 5 is executed and a V4 measurement is made, to give a first
extent value. At step 606, the first positional value is processed to give a first
positional property. This step may however be performed at any time after step
602. At step 607, the second positional value is processed to give a second
positional property. This step may however be performed at any time after step
603. At step 608, the first extent value and the second extent value are
processed in combination to give an extent properfy. This step may however

be performed at any time after steps 604 and 605.

Figures 7-11

Figures 7-11 each shows a different arrangement of a plurality of
conductive layers utilisable in a sensing zone, each arrangement comprising at
least one‘layer comprising a gtc material.

As previously stated, a conductive layer comprising a qtc material is
herein termed a “qtcm layer”. A conductive layer not comprising a gtc material
is herein termed a “non-qtcm layer”. A non-gtcm layer may comprise any other

type of conductive material. In an example, a non-qtcm layer comprises



conductive layers utilisable in a sensing zone, each arrangenent conpri sing
at |l east one layer conprising a qtc material. As previously stated, a
conduct i WeOl2aerosenpri sing a qtc nmaterial is herein tePogdBIN0AIIG] ayer .
A conductive |layer not conprising a qtc material is herein terned a
"non-qtcm |l ayer”. A non-qtcm |l ayer neyg conprise any other type of
conductive material. In an exanple, a non-qtcm | ayer conprisescarbon. In
each arrangenent of a plurality of conductive |layers described with
reference to Figures 7-1 1, the outer surface of a first outer layer is in
el ectrical connection with first and second electrical termnals, and the
outer surface of the second outer layer is in electrical connection with at
least a tH#PA%electrical terminal to provi de a three-term nal sensing

arrangerrent  or A QL LALAIAAL oPNSIAGNALY BIRKIENE 1GAAS AR Jirdescr i bed

previously. Figure an arrange a plurality ot conductive

llayers 70dferem@BR6 IFgutes &-11 rhk duteredurfded dfhpfirst Sukr thyehid ay&lecwiesl a second
| ayer 703 that is a hon-qtcmlayer. The first and second | ayers 702, 703

are confi goirsttion With fifst and sswonddklsctical dbaminbietand 04, out®bsufacguofe 8 shows
yet another arrangenent of a plurality of conductive |ayers 801 ,

conpri si ntheasddansitouter Eyes @Rint électrical congechon wjtbratdeastaa Hucoeldctriagler 803
that is also a gtcmlayer. The first and second | ayers 802, 803 are

conf i gur eterapingljtpsproyide adbraitesaing feasingeatrangemenios a frdemipahgenment
Is simlar tQ the arran t of Figure 7 in that only two | ayers are
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and second layers 702, 703 are configured as first and second separate
sheets 704, 705.

Figure 8 shows yet another arrangement of a plurality of conductive
layers 801, comprising a first layer 802 that is a qtcm layer and a second layer
803 that is also a gtcm layer. The first and second layers 802, 803 are
configured as first and second separate sheets 804, 805. This arrangement is
similar to the arrangement of Figure 7 in that only two layers are provided,
however, this arrangement differs from the arrangement of Figure 7 in that two
gtcm layers are provided instead of a gtcm layer and a non-gqtcm layer. In
embodiments in which a plurality of gtcm layers is provided, the same or
different type or types of gtc material may be utilised in the provision of each
gtcm layer.

Figure 9 shows a further aiternative arrangement of a plurality of
conductive layers 901, comprising a first layer 902 that is a first non-qgtcm
layer, a second layer 903 that is a qtcm layer and a third layer 904 that is a
second non-gtcm layer. In this example, the first, second and third layers 902,

903 and 904 are configured as first, second and third separate sheets 905,

906 and 907.



gtcmlayer. Figure 9 shows a further alternative arrangenent of a plurality
of conductive layers 901 , conprising a first layer 902 that is a first
non- qt cmwayero/10a8second | ayer 903 that is a qtcm | ayer pamaBR0t0M00ZH6| ayer
904 that is a second non-qtcmlayer. In this exanple, the first, second and
third | ayers 902, 903 and 904 are conpggured as first, second and third
separate sheets 905, 906 and 907. Figure 10 shows an alternative arrangenent
of a plurality of conductive layers 1001 , conprising a first layer 1002
that is a first non-qtcmlayer, a second |ayer 1003 that is a gtcm | ayer
and a third | ayer 1004 that is a second non-gqtcmlayer. In this exanple,
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| ayer is disposed between two non-qtcm | ayers. is arrangenment is simlar

to the arhangemtayead Ifrithisrexadnple, tHeafirst astngdoondt lapelsay@02,i 008 arosed
between two non-qtcm | ayers, however, this arrangenent differs fromthe

ar r angenenonfiguréd garaefirst separatet sheed 1085 anddbathitclayae 4004 s gondiguteed. Fi gure
11 shows another alternative arrangenment of a plurality of conductive
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| ayers are
is similar to the arrangement of Figure 9 in that a single gtcm layer is disposed

between two non-gtcm layers, however, this arrangement differs from the
arrangement of Figure 9 in that one less separate sheet is provided.

Figure 11 shows another alternative arrangement of a plurality of
conductive layers 1101, comprising a first layer 1102 that is a first non-gtcm
layer, a second layer 1103 that is a first qtcm layer, a third layer 1104 that is a
second gtcm layer and a fourth layer 1105 that is a second non-gtcm layer. In
this example, the first and 'second layers 1102, 1103 are configured as a first
separate sheet 1106 and the third and fourth layers 1104, 1105 are configured
as a second separate sheet 1107. Thus, two qtcm layers are disposed
between two non-gtcm layers. In the arrangements of Figures 9-11, the
provision of an intermediate gtcm layer may be perceived as a layer that
removes the need for a standoff to normally space conductive layers apart and
that also provides useful electrical functionality.

The gtc material may itself be configured to provide a gtcm layer, which
as described above may be a separate sheet. Alternatively, a gtcm layer may
be fabricated by impregnating a non-conductive material with a qtcm material.

The non-conductive material may comprise fibres, which may be textile fibres.



between two non-qtcmlayers. In the arrangenents of Figures 9-1 1, the
provision of an internediate qtcm | ayer nay be perceived as a | ayer that
renoves twe 2ne@9fser a standoff to normally space condu®CirxGB2bemm@otcapar t
and that also provides useful electrical functionality. The qtc materi al
may itself be configured to provide gutcm | ayer, which as described above
may be a separate sheet. Alternatively, a qtcmlayer nmay be fabricated by
i npregnating a non-conductive material with a qgqtcmmaterial. The

non- conductive material may conprise fibres, which may be textile

fibres. Techni ques for appl yi ng a QIC | ayer onto anot her conductive | ayer,
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substantial ly l e or e substantrally rigid. Thus, the sensor may

be confi grechdique. Ae:omhetnamtaryef Uiishblexinkd sensing aobe nsaibisé sabstahtigllyr i gi d.
Techni ques for applying conductive material onto a substrate, which may be
a non- confixblevar may dre subsiantialy uigid. v doaduetivef layep mayabe @pptﬁd twAduct i ve
| ayers include: coatlr;%tpal nting, brushin rolling, screen-printing,
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plurality of conductive layers include: coating, painting, brushing, rolling,
screen-printing, stencil printing, doctor blading, inkjet printing or application by

the Mayer bar technique.

Figure 12

Figure 12 shows a sensing zone arrangement. A conductive layer may
comprise a single conductive area, as previously described, or a plurality of
cohductive areas as described hereafter.

According to sensing zone arrangement 1201, a first conductive layer,
indicated at 1202, presents a plurality of conductive rows and a second
conductive layer, indicated at 1203, presents a plurality of conductive columns.
Each row is electrically insulated from the others, and similarly each column is
electrically insulated from the others.

Each row has a first electrical terminal and a.second electrical terminal
in electrical connection therewith and configured to allow an electrical potential
gradient to be established between said first electrical terminal and said
second electrical terminal, in a first direction.

For exémple, row 1204 has a first electrical terminal R1L and a second



conductive layer, indicated at 1203, presents a plurality of conductive
colums. Each rowis electrically insulated fromthe others, and simlarly
each col uwop20n/@bss6trically insulated fromthe others. EBaticB20w/doesiea fir st
electrical termnal and a second electrical termnal in electrical
connection therewith and configured tap all ow an el ectrical potenti al
gradient to be established between said first electrical termnal and said
second electrical termnal, in a first direction. For exanple, row 1204 has
a first electrical termnal RIL and a secondel ectrical termnal RIB in

el ectrical connection therewith, and configured to allow an el ectri cal
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el ect ri cafjird@ion Ral and said fourth electrical termnal, in a second

direction. For exanple, colum 1205 has a third electrical termnal C 1B
and a second eEach réatainnt basn anahirdCldlectricall tarminalabnd canrfeutth oslectniealkewi t h,

and configured to allow an electrical potential gradient to be establi shed
bet ween t tesminal naefactrmal @pn@e,qtioorth@?wmsarrdawmﬁgtwdé@ta&w\m\edegt@mb t he
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four-termnal e EC.I‘I contiguration a
second electrical termlnaI CAT in electrical connectlon therewnth, ‘and

configured to allow an electrical potential gradient to be established between
them in a first direction C1. As may be expected when using the terminology
“rows” and “columns”, the rows and columns are parallel to one another within
the first and second layers respectively, and directions R1 and C1 are

substantially perpendicular.

Figure 13

Figure 13 shows steps in a procedure 1301 for génerating first and
second positional properties and an extent property of a mechanical
interaction with a sensor using a four-terminal electrical configuration as
described with reference to Figure 5 and the sensing zone arrangement of
Figure 12.

At step 1302, a conductive area is selected. The conductive area
comprises a row and a column.

At step 1303, operations are performed to determine first and second

positional properties and an extent property of the conductive area selected at
1302, whereafter step 1304 is entered.

At step 1304, a question is asked as to whether a different row to that



described with reference to Figure 5 and the sensing zone arrangenent of
Figure 12. At step 1302, a conductive area is selected. The conductive area
conpri seswa2owoarsd a col utm. At step 1303, operations ace/gsenfonoosd to
determne first and second positional properties and an extent property of
the conductive area selected at 1302,p3vhereafter step 1304 is entered. At
step 1304, a question is asked as to whether a different rowto

t hat sel ected as part of the conductive area selected at step 1302 is to be
interrogated. |If the question asked at step 1304 is answered in the
affirmative, step 1302 is again entered at which a different conductive
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is again entered at which a different conductive area for interrogation is

sel ect ed. inféri®ydtiohi isedelectell. Aermatiesly] frthasjuedtioh axked dt36tepi B30ANwered in

the negative, Interrogation ceases. Thus, the routine of 1301 provides for

t he cycl i agswéreduighthef negative astepl 830 isr entered.cAnblepal 3&H aviquastiomisrt i cul ar

colum until the operations perforned at step 1303 have been performnmed for

al | the agshadatgsetq ovhethear coldiffatecbeplumn itanthat| seleeted amypart i theuti ne of
of all avail abl e

conbi hat | AEUCE S8 SPTHEARE SI9 SHBRas doskR dTRTosEe. 16BE ShedPrGea by a
matrix of asief af® &gp 1305 is answered in the affirmative, step 1302.is again' entere»d’ :
af which .a differe:nf conductive area for interrogation is selected. Alternatively,

if the question asked at step 1305 is answered in the negative, interrogation
ceases.

Thus, the routine of 1301 provides for the cycling through of each
available row in combination with a particular column until the operations
performed at step 1303 have been performed for all the available row and
column combinations. In this way, the routine of 1301 provides for the cycling

through of all available conductive area combinations.

Figure 14

Figure 14 shows a sensing zone 1401, provided by a matrix of rows and
columns. In this illustrated example, sensing zone is provided by a matrix of
eight rows, rows R1-R8, and eight columns, columns C1-C8. Each row R1-R8
has a first electrical terminal and a second electrical terminal in electrical
connection therewith and configured to allow an electrical potential gradient to
be established between said first electrical terminal and said second electrical
terminal, in a first direction. Each column C1-C8 has a third electrical terminal
and a fourth electrical terminal in electrical connection therewith and

configured to allow an electrical potential gradient to be established between



colums. In this illustrated exanple, sensing zone is provided by a matrix
of eight rows, rows R1-R8, and eight colums, colums Cl-C8. Each row R1-R8
has a firwo:2eloaeprsscal term nal and a second el ectri cal PCEGB2080/000536

el ectrical connection therewith and configured to allow an el ectrical
potential gradient to be established fpetween said first electrical term nal
and said second electrical termnal, in a first direction. Each colum
Cl-C8 has a third electrical termnal and a fourth electrical termnal in
el ectrical connection therewith and configured to allow an el ectrical
potential gradient to be established betweensaid third electrical term nal
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1403, the electri termnals at the other end of rows RI-R8 may be

el ectri cakénsigy 2omed401n this way, for sensing purposes, RL-R8 may be
electrically grouped. Simlarly, as indicated at 1404, the electrical
term nal s at tAs isdicatedrnat ©402; dhemtectiitial @8rmningisbat theesamée enldl of mmsuped,
and, as indicated at 1405, the electrical termnals at the other end of
col ums CR1€R8 wagy be eleeltically araupegs angeas indicateidsaind403.f the eleslsicaly

pur poses, colums Cl1-C38 nmay be el ectricall rouped. Wth the ro R1- R8
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- at the other end of columns C1-C8 may be electrically grouped. In this way, for

sensing purposes, columns C1-C8 may be electrically grouped. With the rows
R1-R8 electrically grouped in this way and the columns C1-C8 electrically
grouped in this way, the largest available conductive zone of the sensing zone
1401 is represented. It is possible to selectively electrically group a plurality of
adjacent rows or a plurality of adjacent columns to achieve smaller conductive
zones of the sensing zone 1401.

For example, as indicated at 1406 and 1407, it is possible to electrically
group four adjacent rows, which is half the number of rows of the sensing zone
1401. Similarly, as indicated at 1408 and 1409, it is possible to Ielectrically
group four adjacent columns, which is half the number of columns of the
sensing zone 1401. Pairs of adjacent rows or columns may be selectively
electrically grouped, as indicated at 1410 and 1411 for rows and at 1412 and
1413 for columns.

The selectivity of conductive zones of the sensing zone 1401 provides
for a method of detection of a mechanical interaction and a method of

" determining positional and extent properties of that mechanical interaction.



group four adjacent rows, which is half the nunber of rows of the sensing
zone 1401 . Simlarly, as indicated at 1408 and 1409, it is possible to

el ectri cavbyogrioasef our adj acent col umtms, which is hal f Cl&GBrOMmI®OS46f
colums of the sensing zone 1401 . Pairs of adjacent rows or colums nay be
selectively electrically grouped, as 2mdicated at 1410 and 141 1 for rows
and at 1412 and 1413 for columms. The selectivity of conductive zones of

t he sensing zone 1401 provides for a nethod of detection of a mechani cal

i nteraction and a nethod of determ ning positional and extent properties of
that mechanical interaction.Figure 15 Figure 15 shows steps in a procedure
1501 for ggnera lng first and second positional properties and an extent
property bf9%enkthanical interaction with a sensor using a four-termnal
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second position properties and an extent property of the conductive area
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Is asked as to whether a different conductive zone to that selected at step

1502 i s t debeibent eithogédredce ltd Rignaeqbestd the askEog aonst aparidgventsofanswer ed
in the affirmative, step 1502 is again entered at which a different
conduct i vEigue@d4f or interrogation is selected. Alternatively, if the
question asked at step 1504 is answered i he negative, step 1505 is
entered. At stébStP@OAEf’?ozaacﬁ%@PFW ?@%@?@&%‘%‘fto whet her the operations
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positional properties and an extent property of the conductive area selected at
1502, whereafter step 1504 is entered.

At step 1504, a question is asked as to whether a different conductive
zone to that selected at step 1502 is to be interrogated. If the question asked
at step 1504 is answered in the affirmative, step 1502 is again entered at
which a different conductive zone for interrogation is selected. Alternatively, if
the question asked at step 1504 is answered in the negative, step 1505 is
entered. At step 1505, a question is asked as to whether the operations
performed at step 1503 are to be repeated for the same conductive zone. If
the question asked at step 1505 is answered in the affirmative, step 1503 is
again entered. Alternatively, if the question asked at step 1505 is answered in
the negative, step 1505 is entered, interrogation ceases.

The routiné of 1501 provides for the largest conductive zone of the
overall sensing zone to be selected, and then for the overall sensing zone to
be broken down into smaller zones to focus in on the site of the mechanical
interaction.

In an application, the largest conductive zone is normally selected and
only one of the opefations performed at step 1503 is performed in order to

detect a mechanical interaction. Following detection of a mechanical



the question asked at step 1505 is answered in the affirmative, step 1503
Is again entered. Alternatively, if the question asked at step 1505 is
answer ed wo 2otvelopssgat i ve, step 1505 is entered, interro@amriGBronemsss. The
routi ne of 1501 provides for the |argest conductive zone of the overal
sensing zone to be selected, and thengdor the overall sensing zone to be
broken down into smaller zones to focus in on the site of the nechanical
interaction. In an application, the |argest conductive zone is nornally

sel ected and only one of the operations perfornmed at step 1503 is perforned
in order to detect a mechanical interaction. Follow ng detection of a

hani cal i act | 502- 1505 f _ : ¢ h
fﬁﬁoigi © ofaetiag sihs 13D Mol A Hetormihc UpSh kBt of BB, S ESal 6T Lo
ted | i . . ! . _ _ gai

o 51, FRRSARESA kO, U ERALAN Aok e 2600 AT Bl oo

sensi ng ZangRyiness e tReasechBn of fBtheihiechBicafintétcfiorPosi ti onal property
and an extent property of the nechanical interaction generated. Moreover,
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Interactions in different areas wthin the sensing zone nmay be perforned,
and dat a semsio@zong reay beiperfomked pang datayindivating agresitianad pogpertyyarsf each
mechani cal interaction generated. Thus, a sensor having the construction
descri bedaReexient narepgstyc @hf theumeechanical ointefactionugeneratad nMaseRNd.  Fi gure
16 Figure 16.illustrates an exaﬂﬁlle mett] of pr.oduction of a, senspr having
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interaction generated. Thus, a sensor having the construction described herein

may be configured to provide a multi-touch sensor.

Figure 16

Figure 16 illustrates an example method of production of a sensor
having the construction described herein. At step 1601 a substrate is received.
In this example, the substrate is a substantially rectangular layer of foldabie
film. A substantially central axis F defines a left side L and a right side R, with
the sides L and R having substantially equal dimensions.

At step 1602, a first operation is performed to apply terminals to the
substrate received at step 1601. A pair of terminals is applied to the left side L,
in a first orientation, and a pair of terminals is applied to the right side R in a
second orientation that is substantially at 90 degreés to the first orientation. In
an example, the plurality of electrical terminals of a sensor comprises at least
one electrical terminal fabricated from silver.

A second operation is performed at step 1603 to apply an area of non-
gtc material to cover the pair of terminals applied to the left side L and to apply

a similar area of non-qtc material to cover the pair of terminals applied to the



the sides L and R having substantially equal dinmensions. At step 1602, a
first operation is performed to apply termnals to the substrate received
at step MODRo10/W9Bair of termnals is applied to the | efPCTaiRIe10000340 a
first orientation, and a pair of termnals is applied to the right side R
in a second orientation that is substantially at 90 degrees to the first
orientation. In an exanple, the plurality of electrical termnals of a
sensor conprises at | east one electrical termnal fabricated fromsilver. A
second operation is perfornmed at step 1603 to apply an area of nongtc
material to cover the pair of termnals applied to the left side L and to
apply a si.m | ar ea of non-qtc material to cover the pair of termnals
applled tBneE‘trfé??g?T:t side R At step 1604, a third operation is perforned to

cover at | east aPRe0fadde hifhlqr ot s B foried BLEF oS bk oPfnd NS 1T oMt

side R area of non- app |e at ste tc materi al
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about axis F to bring the l'eft side L he right side Rinto alignnent.

| f only oappldccat siép 4603 Withedtc ahateris!. appl ied at step 1604, then the
arrangenment of Figure 10 would result. If two areas of qtc material were

applied at step foling opération firethenr getimed atafte-i1§b ctolfoldithel substratd t . At
step 1606, an operation is performed to seal the edges of the sensor
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At step 1606, an operation is performed to seal the edges of the sensor
resultant from step 1605. In an example, the edges of the sensor are sealed
with an insulating adhesive. Thereafter, the conductive layers may fall freely
within the sensor. As described herein, the brushing together of conductive
layers within a sensing zone will not destroy the sensing functionality of a
sensor having the construction described herein. |
It is to be appreciated that one or two pieces of non-foldable substrate
may be received at step 1601 and the operation of step 1601 adapted
accordingly to pfovide the same resulting configuration. In an example, the
substrate is fabricated from glass. l
Following step 1606, the sensor may then be electrically connected to
an interface device configured to apply voltages to, and receive signals from,
the terminals applied at step 1602. At this stage, appropriate calibration
procedures may be performed, for example to compensate for distortions
introduced by edge effects.
It is to be appreciated that the method of manufacture does not require
the introduction of standoff to normally space one conductive plane from

another, as is seen in prior art sensors.



may be received at step 1601 and the operation of step 1601 adapted
accordingly to provide the sane resulting configuration. In an exanple, the
subst r at ewpofoatopiséat ed from gl ass. Fol | owi ng st ep 1606 PCTHEB20M®0F46 may
then be electrically connected to an interface device configured to apply
voltages to, and receive signals fromgthe termnals applied at step 1602.
At this stage, appropriate calibration procedures may be perforned, for
exanple to conpensate for distortions introduced by edge effects. It is to
be appreciated that the method of manufacture does not require the

I ntroduction of standoff to normally space one conductive plane from
another, as is seen in prior art sensors.Figure 17 Figure 17 shows a first
application of a sensor having the construction described herein. A witing
boar d 170#!ﬂh£q§5 an operative 1702 to wite upon a witing surface 1703
with a sty1 S 1704. In response, the path of the stylus 1704 over the

writing surface 17P@uie fERIRRANLLY BplicaRh HI08 Snsbropbay el

contrasts with the Background col our o he witing board 1701°. Use of a

sensor hayomgrdckieon eRsfibett hewin. 08 sirtingesbare rion  dllows v iogerdtive 1702
functionality of a witing board 1701 is found to provide several

advant agetousriteAspom ai wrtirgs efaeetl7 03 tivith cpstytusuti0brin séspdnses thespath

descri bed herein and the use of the gtcm/layer that each conprises negates
t he need eftherstylusd784 swpathet witindagefaceut1yisteerasentadily at@cef140% writing

board. This al]ows for cost and tinme savings. in the copstructj of the
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As indicated stated, the construction of the sensors described herein and the
use of the gtcm layer that each comprises negates the need to provide a
separator layer during the manufacture of the writing board. This allows for
cost and time savings in the construction of the white board. In addition, a
problem has been found with prior art writing boards utilising prior art sensors
that require a separator layer. An increase in the dimensions of the writing
surface of these prior art writing boards results in an increase in the tension
required in the layers thereof in order for the separating layer to perform with
the same _reliability..'[hus_,u physical limitations exist as to the maximum
achievable size before thé item is rendered unreliable.
| However, a sensor having the construction described herein is
able to tolerate the touching of conductive layers and hence the need to
provide separation between the conductive layers is negated. Thus, the
physical limitations of the maximum achievable size of the prior art writing
boards is overcome. Therefore, a writing board may now be provided to any
scale without loss of functionality. This scalability of the writing board is
indicated at 1706. Further, a sensor of the type described herein may be made

in any shape, and hence an item in which such a sensor is incorporated may



required in the layers thereof in order for the separating |layer to perform
with the sane reliability. Thus, physical |limtations exist as to the

maxi mum awbizewatobsesi ze before the itemis rendered unrelCirais2elo/ddoever, a
sensor having the construction described herein is able to tolerate the
touchi ng of conductive layers and hengg the need to provide separation

bet ween the conductive |layers is negated. Thus, the physical |imtations of
t he maxi num achi evabl e size of the prior art witing boards is overcone.
Therefore, a witing board may now be provided to any scale w thout |oss of
functionality. This scalability of the witing board is indicated at 1706.
Further, a sensor of the type described herein may be nade in any shape,
and hence?'2A b FANYShAREch such a sensor is incorporated mayal so be of any
shape. Figure 18 Figure 18 shows a flexible sensor 1801 having the
construction described herein. A prior art flexible sensor is known that
utilises Fgﬁﬁﬁ.ﬂpd second textile fabric conductive |ayers and separating
air |layer ranged to ensure that the first and second conductive | ayers

are normal Iy spperd pPasRowsyed ki | dnddre 1801 Shading #RC LoAskaatAct i ve
| ayers to make Contact during a nmechanical interaction. A problemwth

fl exible deswibes Béreii A prigreant Flekibtd sbakdow Rgowapkat ediliddsefitstgandt he

fl exi bl e conductive |ayers experience a degree of set that results in the
f1 exi bl e secwhactextile fabrier corrhutiting layataraisl shparating sait layendirtanged hi s | eads
to false triggering, which can increase to such a | evel of occurrence that
the fl exi gn@rgéhgb%ebferébﬁe@ secerd cPNAYGiivgdayerplase neraaly spacrd Apdtt he

construction def?cri begﬁs?_ere' nis able tc? al | ow get ection nechani cal
i

nt or act | ¥t GRS Pesrbacaniicfe a8 ks Agnikt Buthg dot
condi t1 Onm%fch}anﬁaﬁ‘angn%rctiohnAt B}o%le\?@ywitﬁ I?l%xﬁ)‘?@%%ﬁs&%”o?’“tﬁi?%ﬁé@s that

following repeated flexing, the flexible conductive layers experience a degree
of set that results in the flexible conductive layer tending towards the contact
condition. This leads to false triggering, which can increase to such a level of
occurrence that the flexible sensor becomes effectively unusable.

A sensor having the construction described herein is able to allow
detection of a mechanical interaction when conductive layers are in contact
during the at rest condition of the sensor. In this way, the sensor can withstand
flexing or flexing of the type that may, in effect, press the conductive layers
together. Thus, a sensor having the construction described herein is
particularly useful in the production of flexible sensors since the sensor
overcomes the false triggering problem. In addition, as discussed above, the
sensor may be constructed without the need for a standoff between conductive
layers, which serves to simplify the manufacture process, reduce materials and
reduce production duration and cost. In turn, a sensor having the construction
described herein serves to satisfy ever-growing demand for reliable,
affordable, sensors for indicéting a positional property and an extent property

of a mechanical interaction within a sensing zone.



flexing or flexing of the type that may, in effect, press the conductive

| ayers together. Thus, a sensor having the construction described herein is
particul awbyowswbisk in the production of flexible sensoPSTAIBNB/WHH6SENSOr
overcones the false triggering problem In addition, as discussed above,
the sensor may be constructed w t hout3d he need for a standoff between
conductive |l ayers, which serves to sinplify the manufacture process, reduce
mat eri al s and reduce production duration and cost. In turn, a sensor having
t he construction described herein serves to satisfy ever-grow ng demand for
reliable, affordable, sensors for indicating a positional property and an
ext ent prﬁgﬁbgwgpf a nechanical interaction within a sensing zone. Figure 19
A sensor I'ng“the construction described herein is usable in applications

I n which the cantpgRs g R qge PESRstHIcBioh S dE§drield® HefeinFiig Wigibld mhows a

first sensor 1901 and a second sensor 1902, the sensors being incorporated

into sepagghiRatib®in hWich tHDBdntrd B¢ appiied presseins & Selddfdble 1PRRIraTaY t hus be
presented as first and second sensing zones. A person 1905 is shown

st andi ng shiowhea fimtssensod @01, add 0P seuoid tseasorn 18902s tthé seins@@0being appl yi ng
pressure upon first sensor 1901 and a second foot 1907 is applying pressure
upon secoingogpenated inwoseparatecitemns 41903 49@4-sThapaof genserst b‘gﬂ rﬂ&ogati ng
positional and extent properties of a nechanical interaction gtlhiéeach

sensor, pm@wavﬁ@efwrfe§@nt§ﬁ@§8@éﬁ&d§&cgn§fseaam ZOofHSs AnB§™S98 Bt Bved by
reans (Ol SR o181 19865 BUpERBE L G B4 o
R Ak R G R R A
this way pRiss@gVufoPSe@ndofinder 190
Electrical signals may be generated indicating positional and extent

properties of a mechanical interaction with each sensor, providing first and

second sets of data. This may be achieved by means of the arrangement

indicated at 1908. By processing the first and second sets of data in

~combination, it is possible to provide an indication of a location of a centre of

applied pkessure, as indicated at 1909. It is to be appreciated that a centre of

applied pressure may be indicated in this way for any type of object. The

location a centre of applied pressure may be indicated relative to a reference

axis 1910, which in this example is at a substantially central position between

the two sensors 1901, 1902.

Figure 20

As shown in Figure 20, the first and second sensors 1901, 1902 of
Figure 19 may be electrically connected to act as a single sensor, as indicated
at 2001. |

It is to be appreciated that the location of the indicated centre of
pressure will vary depending upon the magnitude of pressure applied to each

sensor 1901, 1902. In this illustrated example, person 1905 is pressihg



| ocation a centre of applied pressure may be indicated relative to a
reference axis 1910, which in this exanple is at a substantially central
posi ti on Wotzemer9tshe t wo sensors 1901 , 1902. Fi gure 20PA3/GH01M0DFI6F gur e
20, the first and second sensors 1901, 1902 of Figure 19 may be

el ectrically connected to act as a simgle sensor, as indicated at 2001 . It
Is to be appreciated that the |ocation of the indicated centre of pressure
wi |l vary dependi ng upon the magnitude of pressure applied to each sensor
1901, 1902. In this illustrated exanple, person 1905 is pressingrelatively
harder with their right foot 1906 and pressing relatively softer with their

or essur o, " velysRrr Y vieip O, 194 FReCg LAY rau U TG ufth, “CEni Tl
refer enceteI%)ﬁLI%ﬁll%Pj bsas é??éfl'l,e the %ﬁiicét@@tloéﬁ%- ofa Uefitredbf %%I%@it woul d

be achi ev y providing the first and second sensors 1901 , 2 in the

form of fpriseaRy, asSAdiesteds 8 1989 g0 thBi SideYor td stBERMtialy cangaiment nay
be used as an input sensor for gam ng applications. For exanple, the sensor

may be usedetedcpranis d®10ngoses tootheptight foot a9§61 N signiareffecomvauty blei nd of
boar di ng ganme, such as surfboardi ng, snowboardi ng or skateboarding for
exanpl e. #&hjaved by provding tneﬁrsstlan;gsemr@ssmm 1803 oh8Q@2 imtheategiedolt o det ect
simul taneous multiple nmechanical_interactions within a sensing zone. Sensor
2101 is aﬁ%ﬁ@%’d'n%'eéef%&xam@e-cpﬁﬁrt@%f’f ﬁﬁmqre@irmtén%#’?d&m

j erson,1905, as

i mul t wl tj pl hani cal i nt eracti lied b
i cat eaenEnangst Spasdipe da,PoPElRG: Fo e Bpes ik SnSE BRY 481 al 1 v

rect angul aé?i@%?gggpégﬁsu%g@m}l& iiﬁ%sgalﬁhﬁuéé&18,r B %?11)/ l?iﬁ&séfnlgjqef‘raﬂlfgi guration

as previous L
game, such as surfboarding, snowboarding or skateboarding for example.

Figure 21

Figure 21 illustrates shows a sensor arranged to detect simultaneous
multiple mechanical interactions within a sensing zone. Sensor 2101 is
arranged to detect the centre of applied pressure during simultaheous multiple
mechanical interactions, applied by person 1905, as indicated at 2102. In this
example, sensor 2101 presents a substantially rectangular sensing zone and
utilises a four-terminal sensing configuration as previously described. Again,
an arrangement of the type shown in Figure 21 may be used to provide an
input apparatus for play in a golfing game, or any kind of boarding game, such

as surfboarding, snowboarding or skateboarding for example.

Figure 22

Figure 22 shows a sensor 2201 having the construction described
herein, which is configured to provide a substantially circular sensing zone
2202. In this illustrated example, the sensor 2201 has the construction
described herein has a four-terminal sensing arrangement for indicating first

and second positional properties and an extent property of a mechanical



an arrangenent of the type shown in Figure 2 1 nmay be used to provide an

i nput apparatus for play in a golfing gane, or any kind of boardi ng gane,
such as swof2bmardisag, snowboar di ng or skat eboar di ng for PEXAIRDBW/00054guUr € 22
Figure 22 shows a sensor 2201 having the construction described herein,
which is configured to provide a subsgantially circular sensing zone 2202.
In this illustrated exanple, the sensor 2201 has the construction described
herein has a four-term nal sensing arrangenent for indicating first and
second positional properties and an extent property of a
mechani cal i nteraction. Figure 23 Figure 23 shows a sensor 2301 having the
constructjon described herein, which presents a substantially annul ar
sensing z ag . In this exanple, sensor 2301 has the construction

descri bed herein and has a threeterm nal sensing arrangenment for indicating
a positional property and an extent property of a nechanical interaction. A
sensor of ﬁo(*urg 4ype that presents a substantially annular sensing zone is
sui tabl e providing a 'scroll wheel' function. As illustrated at 2303,

sensor 2301 CopRjursem ahbwssh Sétudr ard0RINayingn e donsRiétivi describager 2304
and a second substantially annul ar conductive |ayer 2305. The first

conduct i vheteiy, ewhishOpresenty avisdestamiidlly anmdar aedsingcronk 1302t rlh cthails

term nals 2306 and 2307, towards the ends of the substantially annul ar
conduct i vexaraplepisefse2?23Gihtas tee sensindtion desctibadhewjrandIEs 4 three-ovi ded
with a third electrical term nal 2308 that extends around the substantially
annul ar cteigniraliseasing@reangegent fanjpdicatingamostionakpiegsey avd amextant

te lhie?g“ Ca}Jrc}p%rrtg] 8 lasm%glqghicng%Zerggtqonz.S 8se%rsgr %?(inis-l {yBg tﬁ'\%{ r;T)]ré]saeln?é aw_ th the

substantial'ly'aznnmar sensing zbne is su'itabvle' for providing a ‘scroll whee'l-’
function.

As illustrated at 2303, sensor 2301 comprises a first substantially
annular conductive layer 2304 and a second substantially annular conductive
layer 2305. The first conductive layer 2304 is provided with first and second
electrical terminals 2306 and 2307, towards the ends of the substantially
annular conductive region 2302, and the second conductive layer 2305 is
provided with a third electrical terminal 2308 that extends around the
substantially annular conductive region 2302. Thus, the first, second and third
electrical terminals 2306, 2307 and 2308 are each line terminals, with the third
electrical _terminal 2308 having a greater length than the length of the first and

second electrical terminals 2306, 2307.

Figure 24

A further application for a two-dimensional sensing zone is shown in
Figure 24. A tripod 2401, in this example for an image capture device 2402,
has legs 2403, 2404 and 2405. A sensor 2406 having the construction
described herein is located underneath the tripod legs 2403, 2404 and 2405.

The sensor 2406 enables feedback to be provided regarding the relative



electrical termnal 2308 having a greater length than the I ength of the
first and second electrical termnals 2306, 2307. Figure 24 A further

appl i cat iwo 2bov10u86wWo- di mensi onal sensing zone i s shownPCH/dB2gUV®0A4. A
tripod 2401, in this exanple for an imge capture device 2402, has | egs
2403, 2404 and 2405. A sensor 2406 haz3 ng the construction described herein
is |ocated underneath the tripod | egs 2403, 2404 and 2405. The sensor 2406
enabl es feedback to be provided regarding the rel ativesupport that each of
the tripod | egs 2403, 2404 and 2405 is providing. Again, as indicated at
2407, or as described with reference to Figures 20 and 2 1, a centre of

f d wt . nd e o
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construct hoin§ l%a'ahezhdgﬁ 0f 3. dBiBEE A re?er%%éitag:igmg dd'ahdi, gensi ng

zone substantially two- or substantially Three-di nensional .

Fi gure 25coiref prRsSyRieH the @BRIDIFRIONST thé tripcRe240Y afidthenddeecamnss r uct i on
descri bed herein and having a substantially three-di nensional sensing zone.

I n this idévuied C2OR dirs sappintiag; chmeasbtarsdd.sensi ng zone 2501 is included in
a saddl e 2502. In the shown scenario, a horse 2303 is wearing the saddle
2502 and the horse is under the control of a rider 2504. The sensor
generates el ectrical signals in response to physical interactions with the
sensing z6fIreAP by rider 2504 that indicate positional and extent

01 "The cti on B SeRh ARG b ORGP odesCOBHE DR X apFSRBb font of

Sensors ST oBBY IRACIE TRNSHG, RISy A deRBRAE S, o 3
substantially three-dimensional. Figure 25 shows an example application of a
sensor ha\)ing the construction described herein and having a substantially
three-dimensional sensing zone. In this illustration, a three-dimensional
sensing zone 2501 is included in a saddle 2502. In the shown scenario, a
horse 2303 is wearing the saddle 2502 and the horse is under the control of a
rider 2504. The sensor generates electrical signals in response to physical
interactions with the sensing zone 2501 by rider 2504 that indicate positional
and extent propefties of those physical interactions. This enables dynamic
profiling of the action of the rider upon the horse. A sensor or an arrangement
of sensors as described herein may be arranged to be worn by a person or an
animal. For example, a sensor or an arrangement of sensors as described
herein may be arranged to be worn on each foot of a four-legged animal to
determine whether the animal is applying greater pressure by the front feet or
the rear feet.

A three-dimensional sensor may be manufactured by a moulding
process, and may be constructed from a plurality of parts that are
subsequently assembled together. However, it is o be appreciated that care

must be taken to ensure that no undesirable internal pressures within the

sensor that would affect proper operation are created during the production



herein may be arranged to be worn on each foot of a four-|legged animal to
determ ne whether the aninmal is applying greater pressure by the front feet
or the resp 2009184 t hr ee- di nensi onal sensor nay be nan®CaciR2oBMDIA6a
noul di ng process, and nay be constructed froma plurality of parts that are
subsequent|ly assenbl ed together. Howeygr, it is to be appreciated that care
must be taken to ensure that no undesirable internal pressures within the
sensor that would affect proper operation are created during the

producti onprocess. Figure 26 A controller 2601 is shown in Figure 26, is
configured to recogni se presses and gestures. The controller may be
arranged to provide controls for an audi o pl ayback device and/or to provide
menu navi BESE8% of a nobil e tel ephone or a conputing device. In an exanpl e,
a first sensing zone is provided to detect presses, for exanple where
button regions are indicated, and a second sensing zone is provided to

det ect gegh#g%§§;for exanpl e where a scroll region is indicated. A
controller y be incorporated into another device or nay incorporate a

Wi rel ess interpfagentrQlePr2B010%s ERENA SinCRIglF126f Uo Wonfigarddt Jo rddbimisesensor s
havi ng the construction described are relatively practical and cheap to

produce, pRissasandugesiliesatemontrotler fnay e araggedto peadideicoatrols foer act i on
data anal ysis. Al though specific exanples of applications of a sensor

havi ng t hancaudiorplaybagk desicei ardionde airavideemgnie navigatiesbra goebiledi ng t o
the present invention is utilisable in many applications across different
fields anteleRhaneedr Fsonguing devige.sh sy eé@'@@ﬁﬁi #direlo SERRING r 22U EN S

| Ven T On IR P ISk e SBYT 15, BPRLLEAASIE bl bn SRk EALARES:
and a second sensing zone is provided to detect gestures, for example where
a scroll region is indicated. A con_troller may be incorporated into another
device or may incorporate a wireless interface to provide remote control
functionality. Thus, sensors having the construction described are relatively
practical and cheap to produce, yet are durable and provide for a range of
mechanical interaction data analysis.

Although specific examples of applications of a sensor having the
construction described herein are given, a sensor according to the present
invention is utilisable in many applications across different fields and devices.
For example, a sensor according to the present invention may be used in:
sports applications, medical applications, education applications, industrial
applications, mobile telephone applications, toys and games applications,
wearable items applications, automotive applications, robotic applications,
security applications, keyboard and input device applications. A variety of
arrangements may be utilised in a mechanical interaction detection device and

any combination of sensors as described herein may be incorporated into a

single device.



applications, nobile tel ephone applications, toys and ganes applications,
wear abl e itens applications, autonotive applications, robotic applications,
security wppbioc@pisens, keyboard and i nput devi ce appli cRCIr&EB010000861 ety of
arrangenments may be utilised in a nechanical interaction detection device
and any conbi nati on of sensors as dessyibed herein may be incorporated into
a single device.Clains 1. A sensor for generating electrical signals

i ndicating a positional property and an extent property of a mechani cal
interaction within a sensing zone, said sensor conprising a plurality of
conductive layers, that conprises at least: a first conductive |ayer having
a first cgonductive area having a first electrical termnal and a second

el ectricafl@®Syinal in electrical connection therewith and configured to
allow an electrical potential gradient to be established between said first
electrical termnal and said second electrical termnal, in a first

direction andsa SeRoleh<sPRGHGLYSING LRHREY i RRACHMGCE MALbhYE area

having a third electrical ter connectrron therew th; and
sai d sens j i ' lithire at sdplsinehed

bet ween Sg{og'eftyfégit?f gg%ﬁﬁtmhgﬁg?gﬁ@e‘ggiﬁgkélegﬁrg@g%ﬁn%@r}eve ar eny]duri ng a
mechani capond)tsRicdséndvi cohiptisthgsa pllirality of sondustive |ajerk ctaat comprisds alai d
plurality of conductive layers is a pressure-sensitive conductive |ayer
conpri si nigagt:quant um tunnel I i ng conduct ance(qtc) material, and said sensor
is configured such that contact between conductive layers is allowed during
t he absence of adfirsbchaductive layeehavindod fiist spAdudtive aeassinaying a first

electrical terminal and a second electrical terminal in electrical connection
therewith and configured to allow an electrical potential gradient to be
established between said first electrical terminal and said second electrical
terminal, in a first direction, and

a second conductive layer having a second conductive area having a
third electrical terminal in electrical connection therewith; and

said sensor is configured such that an electrical path is established
between éaid first conductive area and said second conductive area during a
mechanical interaction within said sensing zone;

at least one of said plurality of conductive layers is a pressure-sensitive
conductive layer comprising a quantum tunnelling conductance(gtc) material,
and

said sensor is configured such that contact between conductive layers
is allowed during the absence of a mechanical interaction within said sensing

zone.

2. The sensor of claim 1, wherein said third electrical terminal is a

sheet terminal.

3. The sensor of claim 1, wherein said second conductive area has



zone. 2. The sensor of claim1l, wherein said third electrical termnal is a
sheet termnal. 3. The sensor of claim11, wherein said second conductive
area hasawbaoarwtosbectri cal term nal connected thereto a&ou/dBRopoobisgured to
allow an electrical potential gradient to be established between said third
electrical termnal and said fourth ejgctrical termnal, in a second
direction that is substantially perpendicular to said first direction. 4.
The sensor of claim3, wherein a first conductive | ayer presents a
plurality of conductive rows, each row electrically insulated fromthe
ot hers, each row having a first electrical termnal and a second el ectri cal
termnal in electrical, K connection tther W th an .conf'&ur d to,all ow an
%é:gﬂlg e

el ectri caP fouftBrelpgiricgt eamingl qapngetedstharptesaid ! aqaiqw &n

i rect oncieairob e S FRVRER SO sEbhrS HethBRHLSRb il BebtioRf
conduct | Vf‘erﬁﬁ:ﬂé{ B St ihfrogﬂh UBRRIcEL tembAal Yin! A58 dfréﬁ]ﬁr{ HRatOther s,

each col um havi ng el ectrical ternm nal and a four el ectri cal

term nal snpRhRRAIN sctbefAIBMBELD $Hid fiRgdgstfidh.and configured to allow an
el ectrical potential gradient to be established between said third

electrical termnal and said fourth electrical termnal, in a second
direction that is substantially perpendicular to said first direction. 5.
The sensor of dl ai mThe ssimsoeoficlaint 3 rwhengiressur e- sensitive conductive | ayer
conprising a quantum tunnel 'ing conductance (qtc) material provides said
first conducti adirstsanductiveslayenereseaissaplirality of eonaucive dows. each ryer
conpri sing a quantum . . . .
electrically insulated from the others, each row having a first electrical terminal
and a second electrical terminal in electrical connection therewith and
~ configured to allow an electrical potential gradient to be established between
said first electrical terminal and said second electrical terminal, in a first
direction, and
said second conductive layer presents a plurality of conductive
columns, each column electrically insulated from the others, each column
having a third electrical terminal and a fourth electrical terminal in electrical
connection therewith and configured to allow an electrical potential gradient to
be established between said third electrical terminal and said fourth electrical
terminal, in a second direction that is substantially perpendicular to said first

direction.

5. The sensor of claim 1, wherein a first préssure-sensitive
conductive layer comprising a quantum tunnelling conductance (qtc) material
provides said first conductive layer,

a second press_ure—sensitive conductive layer comprising a quantum
tunnelling conductance (qgtc) material provides said second conductive layer,
and

said sensor comprises said first conductive layer and said second



tunnel | i ng conductance (qtc) material provides said second conductive

| ayer, and said sensor conprises said first conductive |ayer and said
secondcomiocbivmoisayer only. 6. The sensor of claiml, WROEMGHE20102000546
pressure-sensitive conductive |ayer conprising a quantum tunnelling
conductance (qtc) material provides a#zhird conductive layer that is

di sposed between said first conductive |l ayer and said second conductive

| ayer. 7. The sensor of claim®6, wherein said third conductive |ayer is
configured as a separate |ayer. 8. The sensor of claim®6, wherein said
third conductive | ayer and one of said first conductive |ayer and said
second condugti.ve | ayer are configured to provide a separate layer. 9. The
sensor of ¢} CHY%,laW%é’P fn said pressure-sensitive conductive |ayer
conprising a quantum tunnelling conductance (qtc) material provides a
fourth conductive layer, and said fourth conductive | ayer and the other of

said first Conﬁ.UC“*rﬁ @Y\%Er 8nelaffi 0 vieseinda Gresiiftisenstioy Yonauétiveonf i gur ed
as a separate l[ayer. "_;[0. The sensor of claim 1, wherein said extent

property Ia?epﬂém?fri'sinﬁ%@mbhﬂﬁn eliniing eshdustasce (Gioniviatertal groviged iaed
pressure, area of nechanical interaction. 11. The sensor of claiml,

wher ei n sthird caasictige Eyee that isdispoked bebscem saal firgt cenduntiye llayer and
substantially circular.12. The sensor of claiml, wherein said sensing zone
i s one of saidisesondicoatiligtivedayeri mensi onal , substantially three-di nensional .
13. The sensor of claim1l, wherein said sensor is one of: substantially
flexible, substantially rigid.

7. The sensor of claim 6, wherein said third conductive layer is

configured as a separate layer.

8. The sensor of claim 6, wherein said third conductive layer and
one of said first conductive layer and said second conductive layer are

configured to provide a separate layer.

9. The sensor of claim 8, wherein said pressure-sensitive
conductive layer comprising a quantum tunnelling conductance (gtc) material
provides a fourth conductive layer, and said fourth conductive layer and the

-other. of said first conductive layer and said second conductive _Iayer-_ are

configured as a separate layer.

10. The sensor of claim 1, wherein said extent property is one of:
magnitude of applied force, magnitude of applied pressure, area of mechanical

interaction.

11. The sensor of claim 1, wherein said sensing zone is one of:

substantially rectangular, substantially circular.



14. The sensor of claiml, wherein at |east one conductive |ayer conprises
textile fibres. 15. The sensor of claim1l, wherein at |east one electrical
term nal worprv®wessssi | ver. 16. The sensor of claim 1, wreraBaroob&ast one
conductive | ayer conprises carbon. 17. A nethod of generating electrical
signals indicating a positional propeggy and an extent property of a
mechani cal interaction wthin a sensing zone of a sensor, conprising the
steps of: receiving the sensor of claim1, establishing an electric
potential gradient across said first conductive | ayer, between said first
el ectrical termnal and said second electrical termnal, in said first

direction, receiving a first voltage fromsaid third electrical termnal,
to produce a fifst %B?i?‘?’l?ﬁél"f\fa‘l"ﬂgﬁ'[W'Eﬁf@%?ﬂ'& S i7P8F 150°7% i%Bnal val ue

to produce a fir osi.tional proper f cal interaction,

establi sh?H%Staﬂt' fyé@PF "@eBBIPQﬁFFaﬁsetﬁbﬁ?rl&cmgeeg&ﬁg%l&&%tr st electrical

term nal and said second electrical termnal of said first conductive |ayer,
to produce a first current, neasuring said first current fromsaid third

el ectrical terggnal Tﬁé $8h&brs eFORAIMONAUGHeYEN | 8XRS seh@oPrigdpe aff i 1 st
current value, establishing an electric potential fromthe other of said-

first el estipdtatialfyslexibilsubsintialydrigigcond el ectrical termnal of said first
conductive layer, 'to produce a second current, neasuring said second
current fromsaid third electrical termnal of said

14. The sensor of claim 1, wherein at least one conductive layer

comprises textile fibres.

15. The sensor of claim 1, wherein at least one electrical terminal

comprises silver.

16. The sensor of claim 1, wherein at least one conductive layer

comprises carbon.

17. A method of generating electrical signals indicating a positional
property and an extent property of a mechanical interaction within a sensing
zone of a sensor, comprising the $teps_ of: .

receiving the sensor of claim 1,

establishing an electric potential gradient across said first conductive
layer, between said first electrical terminal and said second electrical terminal,
in said first direction,

receiving a first voltage from said third electrical terminal, to produce a
first positional value,

processing said first positional value to produce a first positional
property of a mechanical interaction,

establishing an electric potential from one of said first electrical terminal



second conductive layer, to produce a second current val ue, and processing
said second current value in conbination with said first current value to
produce amOexrtoerop1s8pr operty of a mechani cal interaction. PC3/GBEh®/mveidhod of
claim17, wherein said third electrical termnal is a sheet termnal. 19.
The met hod of claim 17, wherein said 3®nsing zone is one of: substantially
t wo- di nensi onal , substantially three-dinensional. 20. A nethod of
generating electrical signals indicating a positional property and an
extent property of a nechanical interaction within a sensing zone of a
sensor, conprising the steps of: receiving the sensor of claim3,

est abl i shipg iy ELastd bohRhPfirilal 8 aifik: BGAASSEAsb Id BlodgROdCt i ve

| ayer, between sai ectrical term na sai @ seco rical
termnal, gidpcaabAt first direction, receiving a first voltage from one of
said third electrical termnal and said fourth electrical termnal of said

second conduct measudibigrsaid dirgtrQgtere fadm r<id ploisd teleptddal tetrbigal pf @assi ng
said first positional value to produce a first positional value of a
mechani cakecoridecaduotive laysr dblprediicega first ebgent valugot ent i al gr adi ent across
sai d second conductive |ayer, between said third electrical term nal and
said fourth el establighing tast glestic ppiental Hogethenhatharrefcsaid first elestrigahg a

second voltage fromone of said fir el ectrical termnal and said second
el ectri cafer ?ﬁ?ﬂi{n sgid segand; ?'Pg{“ce@f?dﬁmq(i\&f qa(gg{rs,t ‘EWCE%CB\S% € Qecond
posi tional val ue rocessing said second positional value to produce a
second poBf‘Ha“Sﬁaﬁ sé)co%decusrrerﬁ, P P

measuring said second current from said third electrical terminal of said
second conductive layer, to produce a second current value, and
processing said second current value in combination with said first

current value to produce an extent property of a mechanical interaction.

18. The method of claim 17, wherein said third electrical terminal is a

sheet terminal.

19. The method of claim 17, wherein said sensing zone is one of:

substantially two-dimensional, substantially three-dimensional.

20. A method of generating electrical signals indicating a positional
property and an extent property of a mechanical interaction within a sensing
zone of a sensor, comprising the steps of:

receiving the sensor of claim 3,

establishing an electric potential gradient across said first conductive
layer, between said first electrical terminal and said second electrical terminal,
in said first direction,

receiving a first voltage from one of said third electrical terminal and

said fourth electrical terminal of said second conductive layer, to produce a



val ue of a mechanical interaction, establishing an electric potential from
one of said first electrical term nal and said second electrical term na

of said fwo=biccwaacti ve | ayer, to produce a first curr@or/GBeES0NI4MNg said
first current fromone of said third ﬁgectrical term nal and said second

el ectrical termnal of said second conductive layer, to produce a first
current value, establishing an electric potential fromthe other of said
first electrical termnal and said second electrical termnal of said first
conductive layer, to produce a second current, neasuring said second
current fromthe other of said third electrical termnal and said fourth

el ect ri cafirst positiondl valuesai d second conductive | ayer, to produce a second
current value, and processing said second current value in conbination with

said first curPEgesyagfaid §rshmosilionabvalerite mroguesharfirgt pesitional value cal
| nteracti of'a mechanical interaction,

establishing an electric potential gradient across said second
conductive layer, between said third electrical terminal and said fourth
electrical terminal, in said second direction,

receiving a second voltage from one of said first electrical terminal and
said second electrical terminal of said first conductive layer, to produce a
second positional value,

processing said second positional value to produce a second positional
value of a mechanical interaction,

establishing an electric potential from one of said first electrical terminal
and said second electrical terminal of said first conductive Iayer,‘to produce a
first current,

measuring said first current from one of said third electrical terminal and
said second electrical terminal of said second conductive layer, to produce a
first current value,

establishing an electric potential from the other of said first electrical
terminal and said second electrical terminal of said first conductive layer, to
produce a second current,

measuring said second current from the other of said third electrical
terminal and said fourth electrical terminal of said second conductive layer, to
produce a second current value, and

processing said second current value in combination with said first

current value to produce an extent property of a mechanical interaction.



