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Detecting Force

The present invention relates to a sensor for detecting input force and
the manufacture of such a sensor and a method of detecting an input force.

It is known to provide sensors for use in a wide variety of applications
and industries. Sensors which provide touch cababilities In response to
mechanical interactions such as pressure are often used in applications such
as in electronic devices as part of a touchscreen, buttons or similar, or in
respect of input devices such as joysticks for use in gaming.

When sensors are provided in commercial applications, it is often
important that they present a tactile interface which appeals to a user. It can
be difficult to achieve ergonomic designs without compromising on
functionality. Thus, more functional sensors, in particular those which provide
measurements in three dimensions, are increasingly complex in order to
enable the ergonomic requirements of commeréial users to be met.

According to an aspect of the present invention, there is provided a
sensor for detecting input force in accordance with claim 1.

According to a further aspect of the present inven{ion, there is
provided a method of detecting an input force in accordance with claim 12.

According to a still further aspect of the présent invention, there is
provided a method of manufacturing a sensor for detecting input force, Iin
accordance with claim 16.

The invention will now be described by way of example only, with
reference to the accompanying drawings, of which:

Figure 1 shows a sensor capable of detecting input force;

Figure 2 shows a diagrammatic view of the sensor of Figure 1;

Figure 3 shows a diagrammatic cross sectional view of the sensor of
Figures 1 and 2; | |

Figure 4 shows an example sensing device for use i;n the sensor
described previously;

Figure 5 shows a cross sectional side view of the sensor of Figure 1;

Figure 6 shows a diagrammatic cross-sectional view of a plurality of



layers which make up a sensing device; '
Figure 7 shows the plurality of layers of ngure 6 in response to a
mechanical interaction; '
Figure 8 shows an alternative embodiment of a‘ sensor for detecting
5 iInput force; '
Figure 9 shows the sensor of Figure 8 being utilised in an electronic
device; and

Figure 10 shows a vehicle incorporating a sensor in the vehicle’s

bumper.
o %o 10 Figure 1
cosses A sensor capable of detecting input force is illustrated in Figure 1.

~ Figure 1 shows an apparatus in the form of a joystick 101 Which~ comprises a

. :' sensor for detecting input force.
KN Sensor 102 comprises a housing 103 whic%h has a top surface 104 and
oo oo 15 a contact element 105 which is enclosed by a cavity in housing 103. Contact
element 105 comprises an extemal surface 106 which is configured to

receive a mechanical interaction so as to operat_e‘s'ensor 102. As illustrated,
external surface 106 and top surface 104 provide a substantially flush profile
extending from the external surface to the top sutrface', and will be further

20 described with respect to Figure 5.

In the embodiment, external surface 106 comprises a moulded portion
which comprises a finger-shaped profile which conforms to the finger of user
107. In the embodiment, contact element 105' édmprises ah’ elastomeric
material. o -

25 As shown, in use, sensor 102 is able to dc:-;té‘ct an inpdf force when
user 107 applies a mechanical interaction by means of an abplication of force
to external surface 106 from the finger of user 107. In the embodiment,
sensor 102 is configured to detect a property of mechanical interaction, such
as a force magnitude or position of force, In reébdnse"td th-e ﬁ_ﬁger press by

30 user 107. In this way, sensor 102 is used as a joystick and provides a low



profile joystick which a user can control with minimal mOvem’ents’ of their
finger. i | '
Figure 2
A diagrammatic view of sensor 102 is shown with respect to Figure 2.
5 Housing 103 comprises cavity 201 disposed therein and top surface 104 as
previously described. Contact element 105 is sdeh In exploded view so as
to expose cavity 201. However, in use, it iIs appreciated that contact element
105 is enclosed in cavity 201 as will be further described with respect to

Figure 5.
o %o, 10 In the embodiment, cavity 201 comprises four side walls, such as side
ceccoe wall 202 and bottom wall 203. Contact element 105 comprlses a mutually co-

operating profile comprising corresponding side walls which therefore allows

° contact element 105 to be enclosed by cavity 201 in use.
"ot Figure 3 -
oo oo 15 A cross sectional diagrammatic side view of sensor 102 IS {llustrated
. with respect to Figure 3. Again, contact element 105 is shown in exploded

view from housing 103 and cawty 201. .
In this embodiment, side walls 301 and 302 and bottom wall 303,
define a v-shaped or u-shaped cross sectional prof lle. Each of the walls 301,
20 302 and 303 have a sensing device 304 attached thereto. In the
embodiment, sensing device 304 is a single sensmg device, although it is
appreciated that, in alternative embodiments, a’ sensrng devrce can be
attached to each of the walls independently. .'
Thus, when contact element 105 is positiened within cavity 201, a
25 contact can be made between contact element 105 and sensing device (or
devices) 304. o
Figure 4
An example embodiment of sensing device 304 erI now be described
with respect to Figure 4. Figure 4 illustrates a plan view of a sensmg device

30 prior to its application in cavity 201 described prevrously. Sensing device 304



comprises a central portion 401 and four extendlng portlons 402, 403, 404

and 405. |
In the embodiment, central portion 401 is configured to be positioned
in line with bottom wall 303 and extending portions 402, 403, 404 and 405
5 are configured to attach to side walls, such as side walls 301 and 302. Each
extending portion extends from central portion 401 and includes a foldable
interface which allows sensing device 304 to be folded and bent in
manufacture so as to fit in cavity 201. For example, foldable interface 406
provides a foldable line between extending portion 402 and céntral portion

° . ° 10 401 to enable extending portion 402 to align against side wall 301 in the
sesces manner shown in Figure 3. It is appreciated that the dashed lines of Figure 4

illustrate where foldable interfaces are present in sensing device 304.

* : Figure 5 “ )
kN In manufacture of sensor 102, contact element 105 is positioned in
., 15 cavity 201 of housing 103 such that contact element 105 is enclosed in cavity
. 201. '

External surface 106 and top surface 104 6f housing 103 provide a
substantially flush profile which extends from extérnal surface 106 to top
surface 104. ‘

20 In use, contact element 105 is configured to provide a physical contact
between contact element 105 and sensing devuce 304 on appllcatlon of a
mechanical interaction in the direction of arrow 501 onto external surface
106. It is appreciated that while arrow 501 |Ilustrates a force applled in a
perpendicular direction to external surface 106, a force applied to external

25 surface 106 in a non-perpendicular direction us still _abie to provide the
physical contact between contract element 105" and .sensing“ device 304.
Thus, when inactive, sensing device 304 and contact element 105 are in a
resting position whereby sensing device is not active (i.e. not providing a
reading of force), and when the physical contact is made, sensing device 304

30 becomes active by means of the mechanical interaction applied. This will be
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described further in respect of Figures 6 and 7 which describe sensing device
304 in further detail.
Figure 6

Figure 6 shows a diagrammatic cross-seCti.bnal‘, explodéd view of a
olurality of layers which make up sensing device 304 in-an example
embodiment. o | _

In the example embodiment, sensing device 304 comprises a plurality
of layers which combine to enable the detection of the magnitude and
position of a mechanical interaction when applied t0 sensing device 304 by
means of contact element 105. In Figure 6, the plurality of layers aré shown
slightly apart in an exploded view, however, it is appreciated thét these layers
can be touching in the resting position but remain inactive until a mechanical
interaction, such as a pressure is applied. | ' | ”

In the embodiment, sensing device 304 comprises SUBStrétes.601 and
602. Substrates 601 and 602 may comprise a PET ,(Polyethylene
terephthalate) substrate although it is appreciated that other substrates may
be suitable. Sensing device 304 further Includes ﬁ'a conductive layer 603
which comprises silver and two further conductive; Iéyers 604 and 605 which
comprise a printed carbon material. A further cenfral l,ayer 606‘ comprising a
pressure sensitive variably resistive material is sa:nqwiqhed be@een the two
carbon layers 604 and 605. In the embodime'n;;, the pressure sensitivé
variably resistive material comprises a quahtum ‘tunn-ellin‘g composite
material. ‘

This particular arrangement provides a single point pressure sensor
which, on application of force to one of the outer::s.ubstrates, e‘_‘.x‘beriences a
reduction in electrical resistance by means of the pressuré sensitive variably
resistive material thereby providing a means for détec\ting thé position and
magnitude of the applied mechanical interaction. Single point pressure
sensors of this type are available from the applicant, Peratech Holdco

Limited, Brompton-on-Swale, United Kingdom. In 'én embodiment, the
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sensing device is able to detect magnitude and position in three dimensional
Cartesian axes, such that the force itself (in the z direction) can be
determined, along with the x, y position of the applied force.
Figure 7 o

The diagrammatic view of Figure 6 is shown in Figure 7 and illustrates
the response to a mechanical interactioh by means of contact element 105.
When a mechanical interaction i1s applied to the external surface 106 of
contact element 105, physical contact is made élon"g a bottom contact
surface 701 of contact element 105. It is appreciated thai, in the example
previously described with respect to Figure 5, su,ch' 'physical contact can be
made with side contact surfaces of contact element 105 and the sensing
device attached to the corresponding side walls of .‘c'*avity 201. .

When this physical contact is made, each layer of sensiﬁg device 304
Is compressed as shown to provide a conductivé bath throughf.‘the layers of
variable electrical resistance. Thus, a magnitude .of force and position of
force can be determined by utilising appropriate ele‘ctri.cal Circﬂitry In a
manner known in the art. | “
Figure 8 |

An alternative embodiment of a sensor for detecting ,:ihput force In
accordance with the present invention will now b\e"c:ies.cribed with respect to
Figure 8. Sensor 801 is shown in diagrammatic éxplodéd form for illustrative
purposes. N .

Sensor 801 comprises a hoUsing 802 havi‘hg’ a top surface 803 and a
cavity 804 disposed therein. In a similar manner to :s_.;ensor 1 02:7as previously
described, sensor 801 further comprises a cbhtact element 805 which

comprises an external surface 806 and which, in use is enclosed by cavity

- 804. When enclosed in cavity 804, external surface 806 and top surface 803

provide a substantially flush profile which extends from the external surface
806 to the top surface 803. |

In this embodiment, cavity 804 comprises an éflorigaté_-_channel 807
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which has two longitudinal side walls 808 and 809 and a bottom wall 810,
and each of these walls are provided with a sensing device, V\(hich may be
substantially similar to that as previously describ’ea With:'reepeet to Figures 6
and 7. Contact element 805 comprises a mutualiy. co-operating profile to
cavity 804 and, in this embodiment, is therefore also elongated. In the
embodiment, the cross sectional profile of the contact element comprises a v-
shaped or u-shaped profile and cavity 804 therefore provides a
corresponding inverted v-shaped or u-shaped croes hsectiona| profile.

In use, contact element 805 again provides bhysical contact between
contact element 805 and the sensing device on application of a mechanical
interaction to the external surface 806. = |

Thus, it i1s appreciated that sensor 801 functlons In a substantlally
similar manner to sensor 102, the difference belng that the cavity Is
elongated and the sensing devices and contact element 'may also be
elongated to correspond with this amendment.

Figure 9 |

Sensor 801 can be utilised In an electronic device In th"e manner ef
Figure 9. In the embodiment, sensor 801 forms bart of an electronic device
901 which, in this illustrated example IS a mobile telephone '

"Sensor 801 extends along an edge 902 of a telephone 901 and
provides a user with an input device to control aspects of the mobile
telephone 901. As sensor 801 provides a substantlally flush "profile along
edge 902, it is capable of being incorporated into an eleetrohic deviee without
substantially affecting the design, and thus, iIn use.; a user 963 can utilise
sensor 801 as an ergonomic input device. .

In this embodiment, the input force provided by user 903 is configured
to be applied as a sliding force along external surface 806. The sensing
devices are therefore configured to detect this mechanlcal mteractlon and

provide corresponding outputs to electronic dewce 901. For example, a

sliding force could be used to control volume output from the telephone, or, In
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the case of a video or other media playing on the d\e,vice, advance the video
by fast-forwarding or re-winding. In an alternative embodiment, sensor 801 is
configured to provide a toggle function along the external surface, such that
different functions can be selected or switched on or off by providing a force
in an upwards or downwards manner. |

It is appreciated that, while the current 'exa‘mple describes the
electronic device as a mobile telephone, any other suitable electronic device
can utilise a sensor in accordance with the present 'invéntion. For example,
other suitable electronic devices could be a hand held computer, laptop,
tablet, music and/or video players or other non-portable electronic devices
requiring a user interface.
Figure 10 |

A further example embodiment utilising sehéor 801 of Figure 8 Is
shown in Figure 10. Figure 10 shows a vehicle 1001 in the form of a car
incorporating sensor 801 in the vehicle's bumper 1002 |

In this embodiment, sensor 801 is able to.detect any external objects
which come into contact with sensor 801. In thls way, sensor 801 prowdes a
protective bumper and reacts to any objects WhICh may |mpact vehicle 1001.

It is appreciated that sensor 801 may be used in alternative
applications in which the detection of external objects to provnde a protective
bumper is also required. For example, robotic devices may include a plurality
of sensors substantially similar to sensor 801 and/or sensor 102 on the
exterior of the robotic device. This would then be used as a bump detector to

avoid such a robotic device from receiving damage from any impact.
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CLAIMS

1. A sensor for detecting input force, comprising:
a housing defining a cavity therein and a top surface; and

a contact element enclosed by said cavity, said contact element

comprising an external surface;
said cavity comprising at least one wall having an inner surface, said

at least one wall having a sensing device attached thereto and aligned

against said inner surface of said at least one wall:
said contact element being configured to provide physical contact

between said contact element and said sensing device on application of a

mechanical interaction to said external surface: wherein
said external surface and said top surface provides a substantially

flush profile extending from said external surface to said top surface; and
said sensing device Is configured to detect magnitude and position of

the mechanical interaction when applied.

2. A sensor according to claim 1, wherein said sensing device is

configured to detect magnitude and position in three dimensional Cartesian

dXes.

3. A sensor according to claim 1 or claim 2, wherein said sensing

device is a single point pressure sensor.

4. A sensor according to claim 3, wherein said single point

pressure sensor comprises a quantum tunnelling composite material.

5. A sensor according to any one of claims 1 to 4, wherein said

cavity comprises four side walls and a bottom wall, each said wall having one

said sensing device attached thereto.

6. A sensor according to any one of claims 1 to 4, wherein said
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cavity comprises an elongate channel having two longitudinal side walls and
a bottom wall, each said longitudinal side wall and said bottom wall

comprising one said sensing device.

7. A sensor according to any preceding claim, wherein said

contact element and said cavity each comprise mutually co-operating

profiles.

8. A sensor according to any preceding claim, wherein said

contact element comprises a v-shaped cross sectional profile.

9. A sensor according to any preceding claim, wherein said

contact element comprises an elastomeric material.

10. A sensor according to any preceding claim, wherein said

external surface comprises a moulded portion which comprises a finger-

shaped profile.

11. A sensor according to any preceding claim, wherein said sensor

iIs configured to detect an external object thereby providing a protective

bumper.

12. A method of detecting an input force, comprising the steps of:
providing a sensor having a housing defining a cavity therein and a

contact element enclosed by said cavity;
applying a mechanical interaction to an external surface of said

contact element, said external surface and a top surface of said housing
providing a substantially flush profile extending from said external surface to

said top surface;
providing a physical contact between said contact element and a

sensing device attached and aligned with an inner surface of a side wall of
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said cavity; and .
detecting a force magnitude and a position of force along three axes of

said mechanical interaction in response to said physical contact.

13. A method of detecting an input force according to claim 12,

further comprising the step of: detecting an external object in contact with

sald sensor so as to provide a protective bumper.

14. A method of detecting an input force according to claim 12,

wherein said step of applying a mechanical interaction involves providing a

sliding force along said external surface.

16. A method of detecting an input force acéording to clam 12,

wherein said step of applying a mechanical interaction involves providing a

toggle function along said external surface.

16. A method of manufacturing a sensor for detecting input force,

comprising the steps of:

producing a housing having a top surface;

providing said housing with a cavity comprising at least one wall;

aligning a sensing device against an inner surface of said at least one
wall, said sensing device being configured to detect a magnitude of force and
position of a mechanical Interaction when the mechanical interaction is

applied;
attaching said sensing device to said inner surface of said at least one

wall: and
positioning a contact element into said cavity such that said contact

element is enclosed by said cavity and such that an external surface of said
contact element and said top surface provides a substantially flush profile

extending from said external surface to said top surface; o
said contact element being able to provide physical contact between



12

said contact element and said sensing device on application of a mechanical

interaction to said external surface.

17. A method of manufacturing according to claim 16, wherein in
said step of positioning said contact element into cavity, said contact element

Is positioned so as to mutually co-operate with said cavity.

18. A method of manufacturing according to claim 17, wherein said

contact element is produced to have a v-shaped cross sectional profile.



	Page 1 - BIBLIOGRAPHY
	Page 2 - DRAWINGS
	Page 3 - DRAWINGS
	Page 4 - DRAWINGS
	Page 5 - DRAWINGS
	Page 6 - DRAWINGS
	Page 7 - DRAWINGS
	Page 8 - DRAWINGS
	Page 9 - DRAWINGS
	Page 10 - DRAWINGS
	Page 11 - DRAWINGS
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS

