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DISPLAY DEVICE, TOUCH SCREEN DEVICE COMPRISING THE DISPLAY
DEVICE, MOBILE DEVICE AND METHOD FOR SENSING A FORCE ON A
DISFLAY DEVICE

Pield of the invention

The present invention relates to a display device, touch
screen device comprising a display device, mcobile device and
method for sensing a force on a display device. 1In
particular, the display device may serve ag a user interface
for controlling different functions in a device incorporating

the display device.

Background

Different kinds of sengors serving ag user interfaces in
a device, such as a mobile device, in particular a mobile
phone, are known in the art for sensing an input acticn of a
user. When using a touch sensor, the input is performed by
touching the sensor surface with a finger or stylus. Hence,
touch sengors may provide a user interface or man-machine
interface to control various functions of the device having
the touch sensocr incorporated therein.

Known toucnh sensors, e.g. available from Cypress
Semiconducteor, which are often combined with liquid crystal
displays (LCDs) to form a touch screen, work by reacting to a
change in resistance or capacitance affected by the presence
of a finger or a stylus of a user on top of this sensor.
Since touch sensors are usually placed on top of the LCD,
large parts of the sensor have to be made transparent, which
can be achieved by manufacturing the touch gensor from Indium
Tin Oxide (ITO).

The position sensing capability is achieved for example,
by providing two layers with capacitive compeonents in the
touch sensor. These components are connected with each other
horizeontally in the first layer and vertically in the second
layer to preovide a matrix structure enabling to sgense a

position in x,y-coordinates of where the sensor is tcuched.
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In capacitive touch panels, the capacitive components of one
layer formg one electrode ¢f a capacitor and the finger or
stylus on top of the touch sensor forms another electrode.

For 1instance, the so-called CapTouch Programmable
Controller for Single Electrode Capacitance Sensors AD7147
manufactured by Analog Devices, Norwood, Massachusetts,
U.S.A. {see Data 8heet, CapTouch™ Programmable Controller for
Single Electrode Capacitance Sensors, AD7147, Preliminary
Technical Data, 06/07- Preliminary version F, 2007 published
Analog Devices, Inc) may be used to measure capacitance.

Recent applications, sguch as multi-touch applications,
require that more than one position on a touch senscr is
touched and sensed, e.g. to determine a section of an image
on a display that is to be magnified. As applications become
more complex, new improved user interfaces are needed.

Therefore, it is desirable to provide a digplay device,
touch screen device, mobile device and method allowing
additional and more flexible input operations.

Disclosure of the invention

A novel display device, touch screen device, mobile
device and method for sensing a force on a display device are
herein presented and defined in the appended independent
claims. Advantageous embodiments are defined in the dependent
claims.

An embodiment of the invention provides a display device
comprising a first layer made at least partly of a
transparent material and a second layer arranged at one side
of the first layer. The first layer and the second layer form
faces of a cavity which includes a fluid. Further, the
display device comprises a pressure sgensing device for
sensing a pressure in the fluid.

Accordingly, if the pressure in the fluid increases due
to a force applied somewhere on the outside of the cavity,
this pressure change may be detected by the pressure gensing
device so as to correlate an externally applied force with

sensed pressure. Hence, a force-sensitive digplay device is
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provided, wherein depending on the force an input operatiomn,
such as triggering a function of a mobile device, may be
defined.

In one enmbodiment, the pressure sensing device and the
cavity are adapted and coupled so that a force applied to the
first layer of the cavity is communicable by the fluid to the
pregsure sensing device. Accordingly, the presence of a force
applied to the first layer of the cavity can be detected and
its magnitude may be determined based on the sensed pressure.

In one embodiment, the pressure gensing device isg
arranged inside the cavity or on the circumference of the
cavity. Accordingly, small pressure variaticne in the cavity
can be directly sensed.

In one embodiment, the pressure sensing device ig placed
outgside the cavity and the cavity 1is coupled with the
pressure sensing device by a channel adapted to carry the
fiuid. Accoxdingly, there 1is high flexibility in arranging
and mounting the pressure sensing device.

In one embodiment, the pressure sensing device comprises
a piezoresistive element. Accordingly, the pressure sensing
device can be made small, reliable and of low cost.

In one embodiment, the fluid is a birefringent fluid,
such a fluld of liquid crystals used in a liquid crystal
display (LCD). Accordingly, known LCDs can be eagily adapted
tc be used as a pregsure indicator and thus as an indicator
for indicating a force applied to an LCD.

In one embodiment, the display device further comprises
at least two electrodes arranged between the first and second
layers so as to change the polarization property of the
birefringent liguid. Accordingly, the orientation of liguid
crystal molecules can be changed so as to modulate the phase
of light passing through the cavity.

In one embodiment, the display device comprises two
polarisers with a peclarization direction being perpendicular
to each other. Accordingly, dependent on the orientation of
liquid crystal molecules of the birefringent liquid, light
may pass the two polarisers or may be blocked.
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In one embodiment, the display device comprises a
determination section for determining a signal level based on
a gensad pressure. In a specific embodiment, the
determination section determines at least one of the force
applied through a user input and the air pressure.
Accordingly, by determining the signal level, a force or
pressure acting on the first or second layer or the cavity is
obtained. Therefore, calibration may be performed to indicate
or at least estimate the magnitude of an applied force or
pressure. For example, the speed of a scrolling operation on
a display of the display device may be controlled so that the
speed of scrolling is increased by increasing the force on
the area touched.

Acceording to another embodiment, a touch screen device
is provided comprising one of the above-described display
devices. Specifically, the second layer of the display device
may be made at least partly of a transparent material, i.e.
light-transmissive. Further, a light source, such as a white
light source, may be provided on a side of the second layer,
other than the side facing the fluid. Accordingly, a touch
screen device having a display device of an active
transmissive type is provided, allowing to view the display
alsc at low ambient light levels or at night.

In one embodiment, the touch screen device comprises a
touch senscr arranged on a side of the first layer other than
the side facing the fluid to sense a position touched on a
touch area defined by the touch sensor. Accordingly, in
addition to a force-sensitive input operation, e.g. in the z-
direction, 1.e. substantially perpendicular to the first
layer, other input operations in an Xx,y-plane, such as to
cbtain x,y-ccordinates of a location, can be aobtained.

According to another embodiment, a mcbile device is
provided comprising one of the above-described display
devices or one of the above-described touch screen devices.
Accordingly, a mobile device wmay be provided with a novel

type of user interface, wherein an input operation is
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dependent on a force or certain magnitude of a force applied
te the cavity.

Another embodiment of the invention provides a method
for sensing a force on a display device having a first layer
and a second layer forming faces of a cavity including a
fluid. The method comprises the steps of applying a force to
the first layer, sensing a pressure in a flulid based on the
force applied to the first layer and communicated by the
fluid, and determining a signal level based on the sensed
pressure. Accordingly, an input operation may be provided,
which depends on the force applied to the cavity or even a
change in ocutside ambient pressure acting on the cavity way
be detected.

Brief description of the drawings

Embodiments of the inventicon will be described with
respect to the following appended figures,

Fig. 1A illustrates a display device and elements thereof
according to an embodiment of the invention.

Fig. 1B illustrates a digplay device and elements
therecf when a <force 1s applied according to another
embodiment ¢f the invention,

Fig. 2 illustrates a display device and elements thereof
according to another embodiment of the invention.

Fig. 3 1illustrates a display device according to a
specific embodiment of the invention.

Fig. 4 illustrates a flow diagram of a method for
sensing a force or pressure on a display device according to
an embodiment of the invention.

Fig. 5 illustrates a touch screen device and its
elements including a display device according to a specific

embodiment of the invention.

Description of the embodiments

The further embcdiments of the invention are described
with reference to the figures and should serve to provide the
skilled perscn with a better understanding of the invention.
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It is noted that the following description contains examples
only and should anot be construed as limiting the invention.

In the following, similar or same reference signs
indicate similar or same elements.

Figs. 1A and 1B illustrate elements of a display device
100 according to two embodiments of the invention. Fig. 1A
illustrates a display device 100 comprising a first layer
110, a seccnd layer 120 and a pressure sensing device 140, As
shown in Fig. 1A, the second layer 120 1is arranged at one
side, here the bottom side, of the first layer 110, wherein
the two layers form faces of a cavity 130. The cavity 130
contains a fluid indicated with dashes. The first layer 110
is made at least partly of a transparent material so that
light from the outside is incident in the ecavity 130 passing
the first layer or vice versa, i.e. light from the cavity
passes through the first layer to the outside.

The pressure sensing device 140 senses a pressure in the
fluid. In particular, a pressure change in the fluid may be
sensed, 1if the shape or volume of the cavity changes, e.g.
due to a force or pressure from the outside. For example, an
external force may be applied from the outside by a user of
the display device pressing against the first layer, which is
indicated by the arrow in Fig. 1B. Depending on the area, on
which the force is applied, a pressure may be determined so
that pressure and £force are proportional and will be used
interchangeably in the following.

As shown in Fig. 1B, the pressure sensing device 140 and
the cavity 130 are adapted and coupled so that a force
applied to the first layer 110 of the cavity 130 is
communicable through the fluid to the pressure sensing device
140 sensing an increase in pressure once a force is applied.
It is clear that in the case of totally stiff first and
second layers and cavity, the pressure in the fluid in the
cavity would net change once a force is applied to the cavity
and thus a pressure sensing device cannot be used to detect
the force.
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Therefore, in one example, the first layer is made of a
somewhat flexible, elastic or resilient material so that the
shape may change as indicated in Fig. 1B and the force acting
on the first layer 110 may also act on the liquid or gas in
the cavity 130.

However, the same effect may be achieved with a very
gtiff and rigid first layer 110 when other parts of the
cavity 130 are flexible, elastic or resilient, such as for
example the side walls 102 and/or 104. That is, the cavity
130, which forms a chamber for retaining the fluid, 1is
adapted to change its volume once a force is applied from the
outside.

Furthermore, the cavity 130 formed by the two layers and
side walls is preferably sealed so that none of the fluid may
escape or Dbe pressed to the outside which may make
calibration of the pressure sensing device 140 difficult. In
other words, a closed compartment to store fluid is provided.
As fluid, a gas or liguid or both may be used as long as a
change in the shape or volume of the cavity 130 leads to an
increase or decrease of the pressure in the fiuid or fluids.

In the embodiment explained with respect to Fig. 1A, the
pressure sensing device 140 for sensing this pressure
increase or decrease 1s arranged on the circumference, in
particular at the side wall 104. Similarly, the presgure
sensing device 140 may also be arranged inside the cavity 130
as shown in Fig. 1B.

For example, the pressure sensing device 140 comprises a
plezoresistive element so that an increase in pressure
changes the resistivity of the piezoresistive element, which
can be measured by measuring the change in resistivity of the
element by measuring a change in voltage across the element.
It is noted that silicon itself has piezoresistive properties
and may be used as piezoresistive element, for example,
incorporated in a micro-electromechanical structure (MEMS).
In one example, the second layer 120 may be made at least
partially from silicon so that a silicon MEMS may be
integrated therein. Typically a MEMS pressure sengor for
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absolute pressure measurements includes a wvacuum chamber,
wherein there is vacuum on one side and pressure on the other
side of a membrane, e.g. a silicon structure, such as a
bridge structure. A resistance change in the bridge structure
can be measured by a voltage change over the bridge. These
pressure SENSOrs can also provide for temperature
compensation. Alternatively also some special types of
plastics or other membrane systems may be used as pressure
sensing device 140.

In the following, another display device will be
explained with respect to Fig. 2. The display device 200 in
Fig. 2 comprises a first layer 210, a second layer 220
forming a cavity 230 and a pressure sensing device 240.

Thege elements are basically the same as the elements
described above with respect to Figs. 1A and 1B. However, in
display device 200 of Fig. 2 the pressure gensing device 240
is placed outside the cavity 230. In detail, in the
embodiment described with respect to Fig. 2, the pressure
sensing device 240 is coupled tc the cavity 230 by a channel
260 adapted to carry the fluid. For example, the channel 260
may simply be etched in the material of the second laver,
e.g. silicon, and optionally may be etched in further lavyers
below or may be made of a tube, such as a plastic or rubber
tube. This enables a high flexibility in positioning the
pressure sensing device 240.

Additionally, the display device 200 comprises a
determination section 250 and a controller 255 shown in Fig.
2, which are connected to the pressure sensing device 240.
The determination section 250 and the controller 255 can
similarly be used in conjunction with the display device 100,
described above with respect to Figs. 1A and 1B.

In detail, the determination section 250 determines a
signal level based on the sensed pressure of the pressure
sensing device 240. As described above, the sensed pressure
depends on a force applied to the cavity 230, e.g. the first
layer 210. For example, the pressure sensing device 240

outputs a voltage signal the height of which corresponds to
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the pressure so that an increase in pressure relates to an
increase in wvoltage. Therefore, the signal level may simply
correspond to the level of the wvoltage signal output by the
pressure sensing device.

The determination section 250 may then determine from
the signal level the force applied through a user input or
the air pressure of the ambient pressure outside of the
display device 200 pressing against the cavity.

Using calibration of the pressure sensing device 240,
the display device 200 may thus provide a value of the force
expressed in Newton or a value of the force expressed in a
percentage change compared to a reference value.

The output o©f the pressure sensing device 240 may be
directly input in a controller 255 or the controller 255 may
receive the signal level determined Dby the determination
section 250, Alternatively, the determination section 250 and
the controller 255 may be integrated 1in one controller
device.

As discussed above, the force applied on the display
device is determined by the determination section 250. For
example, a threshold wvalue may be set in the determination
section 250 to judge whether a user applied a force to the
display device. In one example, the threshold value may be a
voltage wvalue that is compared to the voltage output of the
pressure sensing device and if the output voltage exceeds the
threshold value a trigger signal is sgent to the controller
255 and a function of the display device can be triggered,
e.g. an image on the display of the display device may be
changed. Therefore, the display device 200 is adapted to
sexrve as a user interface.

However, a force applied to the <cavity does not
necessgarily have to bhe originated by the touch of a user, but
the display device 200 may be operational to determine a
change in the alry pressure around the display device. This
may be useful in weather applications that are presented on
the display of the display device or to determine the
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altitude based on the air pressure/barometric pressure for
gports, map or navigation applications.

This type of force or pressure sensing may be applied in
any display device having a cavity including a fluid that
changes the pressure when the volume of the cavity 1is
changed. In the following, this will Dbe described in more
detail with respect to an LCD device but it is noted that the
principle applies alsc to display devices having organic
light emitting dicdes and a pressure sensitive cavity as well
ag similar devices. Note that pressure variations due to
temperature are negligible for normal ambient temperatures
but may also be calibrated using a temperature sensor if
necessary.

In the following, a specific display device will be
explained with respect to Fig. 3. In Fig. 3 the display
device 300 constitutes an LCD device.

The display device 300 comprises a first layer 310, a
second layer 320 forming a cavity 330 and a pressure sgensging
device 340, These elements are similar and provide largely
the same functions as the previously described first layers
11¢ and 210, second layers 120 and 220, cavities 130 and 230
and pressure sensing devices 140 and 240 and thus 1t is
referred to the discussion above for details.

Additionally, the display device 300 comprises two
electrodes 370 arranged between the first layer 310 and the
second layer 320, two polarizers 380 and a light source 390.
In this example, the fluid is a birefringent ligquid, e.g. a
liguid crystal that enables rotation cf the polarization
direction of light. Birefringent matexrials can be described
by assigning two different refractive indices to the material
for different polarization axes, namely an ordinary direction
and an exXtraordinary direction defined by the molecule.

By applying a voltage teo one of the electrodes to
generate a potential difference between the electrcdes, the
molecules, such as liguid crystal molecules, in the
birefringent liquid may be aligned in a particular direction
sc as to change the pclarization property of the birefringent
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liguid from a random sgtate to a directed state. Linearly
polarized light entering the cavity 330 with the aligned
liguid crystals travels through the liguid and as a result of
the aniscotropy of the birefringent liquid, the polarization
of the light is rotated.

By providing two polarizers with their polarization
directions being perpendicular to each other, such as
polarizers 380 in Fig. 3, a light switch is formed. If the
liquid crystal mclecules are randomly distributed, light from
a light source 390 and polarized by the lower polarizer 380a
propagates with its polarization direction unchanged through
the cavity 330 and cannot pass the upper polarizer 380b,
since its polarization direction is perpendiculary to the one
of the lower polarizer 38Ca. However, once a potential
difference is provided by the electrodes 370, which are
preferably made of a transparent conductor, such as indium
tin oxide (ITO), the liquid crystal moleculesg are aligned and
the polarization direction of the incident light is rotated,
e.g. by 90°, s0 as to pass the upper polarizer 380b.

The electrodes 370 may be switched on and off by thin-
film transistorg (TFTs), one provided for each lower
electrode. Therefore, depending on the alignment of liquid
crystal melecules in the cavity 330, light from the light
source 390 passes or is blocked by the display device 300 so
as to provide an image on the upper side of digplay device
300.

In an LCD device, typilcally thousands of electrodes are
provided for switching on/coff the pixels, wherein the
birefringent liguid is distributed between the electrodes in
the cavity 330 which is sealed on the sides. Due to the
largely non-directional pressure change in the cavity 33¢,
when a force is applied to the teop, the pressure sensing
device 340 may be arranged almost anywhere in the cavity as
long as it does not interfere with the light paths of the
pixels and as long as it is in contact with the liquid either

directly in the cavity or through a channel.



WO 2011/003631 PCT/EP2010/050028

12

In an active display device having a light socurce, such
as the cne shown in Fig., 3, the second layer 320 ig made at
least partly of a transparent material so that light from the
light source 390 may enter the cavity 330. Similar to the
first layer, several materials may be used, such as different
kinds of glass or transparent plastics.

In Fig. 3, a display device of a transmissive type with
an active artificial light source 390 is provided. However, a
display device can also be of a reflective type without an
artificial light source. Such a passive display device uses
light incident from the surrounding which is then partly
reflected at the second layer 320 and re-emitted by the
display device if an upper polarizer, such as polarizer 380,
allows the light to be re-emitted.

In the following, operations of a method for sensing a
force on a display device, such as the display device 100,
200 or 300, will be described with respect to Fig. 4.

In the first step 8410 a force ig applied to a first
layer of the display device, which may be a top layer or may
be an intermediate layer on which other layers including a
top layer defining a touch surface are provided.

In step S$420, a pressure in the fluid is gensed. As
described above, the pressure in the fluid may increase due
tce a force applied to the first layer of a cavity, wherein
the fluid gerves to communicate the effect of the force, i.e.
the pressure increase.

In a further step 8430, a signal level is determined
based on the sensed pressure, For example, the pregsure is
sensed by a pressure sensing device, as explained above,
which outputs a voltage signal and based on the voltage
signal or the voltage signal change the presence of the force
may be detected, which may be defined as an input operation
of a user. For example, a threshold of a voltage value may be
defined, which lies in between a voltage ocutput at ambient
pressure and a voltage output when a force is applied.
Therefore, once the determination section or controller
detects a voltage value larger than the threshold value, it
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is determined that a uger presses a finger, a hand or a
stylus on the display device performing an input operation.

Next, a touch screen device is explained with respect to
Fig. 5.

Fig. 5 illustrates a touch screen device 500 comprising
the display device 300 of Fig. 3. Additionally, the display
device 500 also comprises a touch sensor 595, color filters
515 and black matrix parts 518 shown in layer 310. The color
filters 515 and leg matrix parts 518 define the size and
color of the visible pixel. The touch sensor 595 is arranged
on cne side of the first layer 310 other than the side facing
the fluid to sense a position touched on a touch area, such
as an x,y-coordinate plane, defined by the touch sensor.

The touch sengor 595 may be a conventional touch sensor
of a capacitive or resistive type, as explained above, e.g.
having capacitive components in a first and a second layer to
provide a matrix structure enabling to obtain the x,y-
coordinates of the location where a user touches the touch
area. Since several different kinds of conventional touch
sensors are well known to the skilled person, a more detailed
description will be omitted.

Therefore, in addition to one or more input parameters
in the z-direction due to the pressure increase, also an X,y-
position may be obtained as an input parameter to the touch
screen device 500. Conseguently, the touch screen device 500
is adapted to be a force-sensitive touch screen device to
trigger different functions depending on the position touched
and the magnitude of the force exerted by the touch.

For example, a user may select an object on the display
at a specific x,y-coordinate by pressging on the touch area
corresponding to this coordinate with a force F; tc select
the obiject and by pressing stronger with a force F; the
object may be cut or copied. Furthermore, the user may press
another x,y-coordinate with the force F; and may paste the

object to this posgition by pressgsing with the force 7.
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Several other drag and drop or copy and paste
applications can be implemented with a simple configuration
using x,v,z-input parameters. Therefore, in addition to the
input cperations of a known touch sensor one additional input
dimension is added, which can be used to trigger several
different functions depending on several different forces
applied to the display device.

Further, the touch sensor 595 may also be helpful for
calibration. As was explained in Fig. 1B, the side walls 102
and 104 of the display device 100 were assumed to be
relatively stiff so that the sensitivity of the display
device 100 may vary depending on where the force is applied,
namely on the middle or on the left or right side of the
first layer. This difference is, however, predictable in
several ways and compensation for thisg difference in
sensitivity can be thought of.

For example, when knowing x,y-coordinates of where on
the first layer the force is applied, e.g. by using the touch
gsensor 595, a lock-up table or an arithmetic calculation may
be used where the x,y-coordinates are used as input
parameters.

Further, only relative measurements of the forces or
pressures are reguired in many applications, namely a user
may press with a certain force to indicate a single click and
with double the force to indicate a double click, so that
calibration is not necessarily needed and changes in
sensitivity depending on different stiffnegsses where the
force is applied can be handled successfully.

In one emboediment, the touch screen device 500 comprises
the controller 255. The controller 255 may be adapted to
supply a current to the pressure sensing device 240 only when
the touch sensor 595 senses a touch. For example, if a touch
is sensed by the touch sensor 595, the current ig supplied so
that also the force of the touch in z-direction can be
egtimated. In other words, the pressure sensing device 240 is
only activated as long as there is a finger, a hand, a stylus

or other object present on the touch area. Therefore, power
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may be saved, since the pressure sensing device 240 is only
energigsed when the display device is touched.

In another embodiment, the display device 100, 200 or
300 or the touch screen device 500 i1s incorporated in a
mobile device, such as a cellular phone or other type of
mobile phone, or a portable computer. The applications of the
display device or touch screen device are clearly not limited
to mobile devices but incorporation in mobile devices is
particularly advantageous, since these devices are usually
small and require intelligent user interfaces to trigger
various functiong. Therefore, incorporating the display
device or touch screen device in a mobile device isg
advantageous.

The description above has been explained with respect to
several individual elements, such as the controller 255, the
determination section 250, the pressure sensing device 260,
etc., and it should be understood that the invention is not
limited in a way that these elements are structural
independent units but these elements should be understood as
elements comprising different functions. In other words, it
ig understood by the skilled person that an element in the
above-described embodiments is not construed as being limited
to a separate tangible part but is understood as a kind of
functional entity so that several functions may also be
provided in one tangible part. For example, the function of
the determination section may ke incorporated into the
controller.

Moreover, the physical entities according to the
invention and/or its embodiments may comprise or store
computer programmes including instructions such that, when
the computer programmes are executed on the physical
entitieg, steps, procedures and functions of these elementsg
are carried out according to embodiments of the invention.
The Iinvention algo relates to computer programmes for
carrying out the function of the elements, and to a computer-
readable medium storing the computer programmes for carrying
out methods according to the invention.
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The above described elements of the display devices 100,
200 and 300 as well as of the touch screen device 500 may be
implemented in hardware, scftware, field-programmable gate
arrays (FPGAs), applications specific integrated circuits
(ASICg), firmware or the like.

It will be appreciated that various modifications and
variations can be made in the described elements, display
devices, touch screen devices, mobile devices and methods as
well as in the construction of this invention without
departing from the scope or spirit of the invention. The
invention has been described in relation to particular
embodiments which are intended in all aspects to be
illustrative rather than restrictive. Those skilled in the
art will appreciate that many different combinations of
hardware, software and firmware are suitable for practising
the invention.

Moreover, other implementations of the invention will be
apparent to the skilled person from consideration of the
specification and practice of the invention disclosed herein.
It is intended that the gpecification and the examples are
congidered as exemplary only. To thisg end, it is to be
understood that inventive aspects may lie in less than all
features of a sgingle foregoing disclosed implementation or
configuration. Thus, the true scope and spirit of the
invention is indicated by the fcllowing claims.
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Claims

1. A display device, comprising

a first layer made at least partly of a transparent

material;

a gecond layer arranged at one side of the first layer,
the first and second layers forming faces of a cavity

including a fluild; and

a pressure sensing device for sensing a pressure in said
fluid.

2. The digplay device of claim 1, wherein said pressgure
senging device and gaid cavity are adapted and coupled
sc that a force applied to said first layer of said
cavity is communicable by said fluid to said pressure

gsensing device.

3. The display device of claim 1 or 2, wherein said
pressure sensing device is arranged inside said cavity

or on the circumference of said cavity.

4, The display device of claim 1 or 2, wherein said
pressure sensing device 1g placed cutside said cavity
and said cavity ig coupled with said pressure sensing

device by a channel adapted to carry sald £luid.

5. The digplay device of one of claimsg 1 to 4, wherein said
pressure sensing device comprises a piezoresistive

element.

6, The display device of cone of claims 1 to 5, wherein said

fluid is a birefrigent liquid.
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The display device of claim 6, further comprising two
electrodes arranged between said first and second layers
20 as to change the polarization property of said
birefringent liquid.

The display device of claim 6 or 7, further comprising
two polarizers with their polarization directions being
perpendicular to each other.

The display device of one of claims 1 to 8, further
compriszing

a determination section for determining a signal level

based on the sensed pressure.

The display device of claim 9, wherein the determination
section is adapted to determine at least one of a force
applied through a user input and the air pressure.

Touch screen device comprising said display device of
one of claims 1 to 10.

The touch screen device of claim 11, wherein said second
layer is made at least partly of a transparent material
and a light source is provided on a side of gaid second
layer other than the side facing said fluid.

The touch gcreen device of claim 11 or 12, further

comprising

a touch sensor arranged on a side of said first laver
other than the side facing said fluid to sense a
pesition touched on a touch area defined by said touch

Sensor.
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Mobile device comprising said display device of one of
claimg 1 to 10 or said touch screen device of cone of
claims 11 teo 13.

Method for sensing a force on a display device having a
first layer and a second layer forming faces of a cavity
including a fluid, comprising the steps

applying a force to said first layer;
gensing a pressure in gaid fluid based on said force
applied to said first layer and communicated by said

fluid; and

determining a gignal level based on said sensed

pressure.
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( START )
APPLYING A FORCE TO SAID FIRST LAYER |—~_~ S410

:

SENSING A PRESSURE IN SAID FLUID BASED
ON SAID FORCE APPLIED TO SAID FIRST S420
LAYER AND COMMUNICATED BY SAID FLUID |

!

DETERMINING A SIGNAL LEVEL BASED ON |~ S430
SAID SENSED PRESSURE

.
( END )

Fig. 4




WO 2011/003631 PCT/EP2010/050028

4/4
380b
595
B, \\\\\\\\\\\ NN 310
e T d
B ol SRR o
p V;'—\ [TFTi- - -~ - /'rm " - kg‘ -
M\\\\\O’x\ Y > 1
/ / 340 / 320
X a0 518 330
2= - 380a

(390
Fig. 5



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings

