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APPARATUS AND METHOD FOR
RECEIVING A TOUCH INPUT

RELATED APPLICATIONS

[0001] The present application claims priority from Aus-
tralian provisional patent application Nos. 2009905626 and
2010902780, and from U.S. provisional patent application
No. 61/347330, the contents of which are incorporated herein
by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to touch screens, and
in particular to infrared-style touch screens having relatively
fewer components, reduced bezel dimensions and/or lower
cost. However, it will be appreciated that the invention is not
limited to this particular field of use.

BACKGROUND OF THE INVENTION

[0003] The following discussion of the prior art is provided
to place the invention in an appropriate technical context and
enable the advantages of it to be more fully understood. It
should be appreciated, however, that any discussion of the
prior art throughout the specification should not be consid-
ered as an express or implied admission that such prior art is
widely known or forms part of common general knowledge in
the field.

[0004] Input devices based on touch sensing (referred to
herein as touch screens irrespective of whether the input area
corresponds with a display screen) have long been used in
electronic devices such as computers, personal digital assis-
tants (PDAs), handheld games and point of sale kiosks, and
are now appearing in other portable consumer electronics
devices such as mobile phones. Generally, touch-enabled
devices allow a user to interact with the device by touching
one or more graphical elements, such as icons or keys of a
virtual keyboard, presented on a display, or by writing on a
display or pad. Several touch-sensing technologies are
known, including resistive, surface capacitive, projected
capacitive, surface acoustic wave, optical and infrared, all of
which have advantages and disadvantages in areas such as
cost, reliability, ease of viewing in bright light, ability to sense
different types of touch object, e.g. finger, gloved finger or
stylus, and single or multi-touch capability. The most com-
mon approach uses a flexible resistive overlay, although the
overlay is easily damaged, can cause glare problems, and
tends to dim the underlying screen, requiring excess power
usage to compensate for such dimming. Resistive devices can
also be sensitive to humidity, and the cost of the resistive
overlay scales quadratically with perimeter. Another
approach is the capacitive touch screen, which also requires
an overlay. In this case the overlay is generally more durable,
but the glare and dimming problems remain.

[0005] Inyet another common approach, usually known as
‘infrared’ touch, a matrix of light beams (usually but not
necessarily in the infrared) is established in front of a display,
with a touch detected by the interruption of one or more of the
beams. As shown in FIG. 1 the earliest forms of infrared-style
touch screens 2, described for example in U.S. Pat. No. 3,478,
220 and U.S. Pat. No. 3,673,327, included arrays of discrete
optical sources 4 (e.g. LEDs) along two adjacent sides of a
rectangular input area 6 emitting two sets of parallel beams of
light 8 towards opposing arrays of photo-detectors 10 along
the other two sides of the input area. If a touch object 12 in the

Sep. 6, 2012

input area blocks a substantial portion of at least one beam in
each of the two axes, its location can be readily determined.
[0006] In a variant infrared-style touch screen 14 that
greatly reduces the optoelectronic component count (and
hence component cost), illustrated in FIG. 2 and described in
U.S. Pat. No. 5,914,709, the arrays of light sources are
replaced by arrays of ‘transmit’ optical waveguides 16 inte-
grated on an L-shaped substrate 18 that distribute light from a
single optical source 4 via a 1xN splitter 20 to produce a grid
of light beams 8, and the arrays of photo-detectors are
replaced by arrays of ‘receive’ optical waveguides 22 inte-
grated on another [-shaped substrate 24 that collect the light
beams and conduct them to a detector array 26 (e.g. a line
camera or a digital camera chip). Each transmit optical
waveguide includes an in-plane lens 28, and likewise each
receive optical waveguide includes an in-plane lens 29, to
collimate or focus the signal light in the plane ofthe input area
6, and the touch screen may also include cylindrically curved
vertical collimating lenses (VCLs) 30 to collimate the signal
light in the out-of-plane direction. As in the touch screen 2 of
FIG. 1, a touch object is located from the beams blocked in
each axis. For simplicity, FIG. 2 only shows four waveguides
per side of the input area 6; in actual touch screens the in-
plane lenses will be sufficiently closely spaced such that the
smallest likely touch object will block a substantial portion of
at least one beam in each axis.

[0007] Inyetanother variant infrared-style touch screen 31
shown in FIG. 3 and disclosed in US 2008/0278460 Al
entitled ‘A transmissive body’ and incorporated herein by
reference, the ‘transmit’ waveguides 16 and associated in-
plane lenses 28 of the FIG. 2 touch screen are replaced by a
transmissive body 32 including a light guide plate 34 and two
collimation/redirection elements 36 that include parabolic
reflectors 38. Infrared light 40 from a pair of optical sources
4, e.g. LEDs, is launched into the light guide plate, then
collimated and re-directed by the collimation/redirection ele-
ments to produce two sheets of light 42 that propagate in front
of'the light guide plate towards the receive waveguides 22. A
touch event is detected and its location and dimensions deter-
mined from those portions of the light sheets blocked by the
touch object. Clearly the light guide plate 34 needs to be
transparent to the infrared light 40 emitted by the optical
sources 4, and it also needs to be transparent to visible light if
there is an underlying display (not shown). Alternatively, a
display may be located between the light guide plate and the
light sheets, in which case the light guide plate need not be
transparent to visible light.

[0008] The use of waveguides on the receive side of the
touch screens shown in FIGS. 2 and 3 also offers enhanced
spatial resolution compared to the ‘discrete component’touch
screen shown in FIG. 1. To explain, only light rays propagat-
ing within a narrow range of angles will be focused by each
in-plane lens 29 into its associated waveguide, with other
light rays rejected.

[0009] A common aspect of the infrared-style touch
screens shown in FIGS. 1, 2 and 3 is the presence of compo-
nents around all four sides of the input area 6, which com-
monly coincides with a display. Whether these components
bethe arrays of optical sources 4 and photo-detectors 10 in the
FIG. 1 device, or the waveguide substrates 18, 24 in the FIG.
2 device, or the waveguide substrate 24 and parabolic reflec-
tors 38 in the FIG. 3 device, their presence limits how narrow
the bezels can made. It will be appreciated that the associated
‘bezel width’ on all four sides limits the available display size
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within a given consumer electronics device, which may be a
significant limitation for small devices such as mobile
phones. Excessive bezel width can also be a problem for
incorporating the additional functionality of infrared touch
within an existing device design. Furthermore it will be
appreciated that there is a component-related cost associated
with having components on all sides of the display as well as
extra assembly and manufacturing costs.

OBIJECT OF THE INVENTION

[0010] It is an object of the present invention to overcome
or ameliorate at least one of the disadvantages of the prior art,
or to provide a useful alternative. It is an object of the inven-
tion in its preferred form to provide infrared-style touch
screens with reduced bezel width on at least two sides of the
input area. It is another object of the invention in its preferred
form to provide infrared-style touch screens with fewer com-
ponents, to reduce the cost in both the bill of materials and
product assembly and manufacturing.

SUMMARY OF THE INVENTION

[0011] According to a first aspect, the present invention
provides an input device comprising:
[0012] an input area adapted to receive touch input to
said input device;
[0013] an emitting system adapted to emit a plurality of
energy beams from a first side of said input area;
[0014] adetector system disposed along a second side of
said input area and adapted to measure the intensity
distribution of said plurality of energy beams after said
beams have traversed said input area, said second side
opposing said first side; and
[0015] ananalyser operatively connected to said detector
system and adapted to analyse said intensity distribution
and to determine the position of said object along a
coordinate axis between said first and second sides.
[0016] Preferably the plurality of energy beams is a sub-
stantially collimated signal in a substantially planar form.
Preferably the energy beams comprise infrared or visible
light. Preferably the analyser is further adapted to analyse
said intensity distribution to determine the position of said
object along a second coordinate axis which is at right angles
to said coordinate axis between said first and second sides.
[0017] Preferably the sides of the input area adjacent said
first side (or the second side) are free from an emitting system
or a detector system. In this embodiment the input device
consists of, or consists essentially of, the mutually opposed
emitting and detector systems on the first and second sides
and the remaining sides (third and fourth sides) are essentially
free from any emission/detection systems, thereby to mini-
mise the bezel widths on the third and fourth sides. It will be
appreciated that the third and fourth sides are free from any
transmit or receive arrays.
[0018] According to a second aspect the present invention
provides a method for determining the position of an object
within an input area, said method comprising the steps of:
[0019] emitting a plurality of energy beams from a first
side of said input area to a second opposed side of said
input area;
[0020] measuring the intensity distribution of said plu-
rality of energy beams after said beams have traversed
said input area; and
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[0021] analysing said intensity distribution to determine
the position of said object along a coordinate axis
between said first and second sides.

[0022] Preferably the input device consists essentially of
the mutually opposed emitting and detector systems on the
first and second sides and the remaining sides (third and
fourth sides) are essentially free from any emission/detection
systems, thereby to minimise the bezel widths on the third and
fourth sides.

[0023] According to a third aspect the present invention
provides an input device comprising:
[0024] an input area adapted to receive touch input to
said input device;
[0025] an emitting system adapted to emit a plurality of
energy beams from a first side of said input area;

[0026] adetector system disposed along a second side of
said input area and adapted to measure the intensity
distribution of said plurality of energy beams after said
beams have traversed said input area, said second side
opposing said first side; and

[0027] ananalyseroperatively connected to said detector
system and adapted to analyse said intensity distribu-
tion, wherein the presence of an object within said input
area produces a variation in said intensity distribution,
said analyser being adapted to determine the position of
said object along a coordinate axis between said first and
second sides by analysing said variation.

[0028] Preferably the variation comprises a region of
decreased intensity in said intensity distribution. The analyser
is preferably adapted to determine a gradient at one or more
locations within said region of decreased intensity to thereby
determine the distance between the object and the second side
of said input area. In preferred forms the magnitude of the
gradient decreases with increasing distance between the
object and the second side of the input area.

[0029] Inone embodiment, the emitting system comprises:
an optical source; a transmissive element adapted to receive,
confine and transmit an optical signal in planar form; a colli-
mation element adapted to substantially collimate an optical
signal; and a redirection element adapted to redirect an opti-
cal signal, wherein said transmissive, collimation and redi-
rection elements are arranged to receive an optical signal
from said optical source and transmit, collimate and redirect
said optical signal to produce said plurality of energy beams
as a substantially collimated signal in a substantially planar
form.

[0030] In another embodiment, the emitting system com-
prises: an optical source; and an array of transmit optical
waveguides disposed along said first side of said input area
and adapted to guide light from said optical source to said first
side to produce said plurality of energy beams.

[0031] Preferably the detector system comprises an array of
optical waveguides disposed along said second side and
adapted to receive portions of said plurality of energy beams
and conduct said portions to a detector array.

[0032] In preferred embodiments the analyser is further
adapted to analyse the intensity distribution to determine the
position of said object along a second coordinate axis which
is at right angles to said coordinate axis between said first and
second sides. Preferably the input device consists essentially
of'the mutually opposed emitting and detector systems on the
first and second sides and the remaining sides (third and
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fourth sides) are essentially free from any emission/detection
systems, thereby to minimise the bezel widths on the third and
fourth sides.

[0033] According to a fourth aspect the present invention
provides a method for determining the position of an object
within an input area, said method comprising the steps of:

[0034] projecting a plurality of energy beams from a first
side of said input area to a second, opposing side of said
input area;

[0035] measuring the intensity distribution of said plu-
rality of energy beams after said beams have traversed
said input area;

[0036] analysing said intensity distribution to determine
avariation in said intensity distribution indicative of the
presence of an object in said input area;

[0037] calculating a parameter of said variation in said
intensity distribution; and

[0038] utilising said parameter to determine the position
of said object along a coordinate axis between said first
and second sides.

[0039] It will be appreciated that for infrared touch the
variation in said intensity distribution comprises a region of
decreased intensity. Preferably, the parameter comprises a
gradient measured at one or more locations within the region
of decreased intensity. In preferred forms the magnitude of
the gradient decreases with increasing distance between the
object and the second side of the input area.

[0040] Preferably the plurality of energy beams is a sub-
stantially collimated signal in a substantially planar form.
[0041] In a further embodiment, the method further com-
prises the step of analysing said intensity distribution to deter-
mine the position of said object along a second coordinate
axis which is at right angles to said coordinate axis between
said first and second sides.

[0042] Preferably the input device consists essentially of
the mutually opposed emitting and detector systems on the
first and second sides and the remaining sides (third and
fourth sides) are essentially free from any emission/detection
systems, thereby to minimise the bezel widths on the third and
fourth sides.

[0043] According to a fifth aspect the present invention
provides an input device comprising:

[0044] an input area adapted to receive touch input to
said input device;

[0045] an emitting system adapted to emit first and sec-
ond pluralities of energy beams across said input area,
said first and second pluralities of energy beams propa-
gating in first and second directions between first and
second sides of said input area, said first and second
directions being angled relative to each other;

[0046] a detector system adapted to measure the inten-
sity distributions of said first and second pluralities of
energy beams after said beams have traversed said input
area; and

[0047] ananalyseroperatively connected to said detector
system and adapted to analyse said intensity distribu-
tions, wherein the presence of an object within said input
area produces variations in said intensity distributions,
and said analyser is adapted to determine the position of
said object along a coordinate axis between said first and
second sides by analysing said variations.

[0048] Preferably the emitting system is adapted to emit
said first and second pluralities of energy beams from said
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first side of said input area, and said detector system is dis-
posed along said second side of said input area.

[0049] Preferably the detector system comprises: a first
array of optical waveguides disposed along said second side
and adapted to receive portions of said first plurality of energy
beams and conduct said portions to a detector array; and a
second array of optical waveguides disposed along said sec-
ond side and adapted to receive portions of said second plu-
rality of energy beams and conduct said portions to a detector
array. Preferably, each optical waveguide terminates in an
in-plane lens adapted to focus a portion of the respective
plurality of energy beams into said waveguide.

[0050] In another embodiment, the detector system com-
prises: an array of optical waveguides and associated optical
elements disposed along said second side, wherein each opti-
cal element is adapted to collect portions of said first and
second pluralities of energy beams and focus said portions
into its associated optical waveguide for guidance to a detec-
tor array.

[0051] Inoneexample, eachoptical element comprises first
and second focusing elements adapted to collect respective
portions of said first and second pluralities of energy beams
and focus said portions into the associated optical waveguide.
[0052] Inanother example, each optical element comprises
a focusing element and a deflection element, wherein said
focusing element and said deflection element in combination
are adapted to collect a portion of said first plurality of energy
beams and focus that portion into said associated optical
waveguide, and said focusing element is adapted to collect a
portion of said second plurality of energy beams and focus
that portion into said associated optical waveguide.

[0053] Preferably the emitting system comprises first and
second optical sources and a transmissive body, said trans-
missive body comprising:

[0054] a transmissive element adapted to receive, con-
fine and transmit an optical signal in planar form; a
collimation element adapted to substantially collimate
an optical signal; and a redirection element adapted to
redirect an optical signal, wherein:

[0055] said transmissive, collimation and redirection
elements are arranged to receive an optical signal from
an optical source and transmit, collimate and redirect
said optical signal to produce a substantially collimated
signal in a substantially planar form; and

[0056] said first and second optical sources are posi-
tioned such that an optical signal from said first optical
source is transmitted, collimated and redirected by said
transmissive body to produce said first plurality of
energy beams propagating in said first direction, and an
optical signal from said second optical source is trans-
mitted, collimated and redirected by said transmissive
body to produce said second plurality of energy beams
propagating in said second direction.

[0057] Inanother preferred embodiment, the emitting sys-
tem comprises an optical source, an optical splitting element
and a transmissive body, said transmissive body comprising:
[0058] a transmissive element adapted to receive, confine
and transmit an optical signal in planar form; a collimation
element adapted to substantially collimate an optical signal;
and aredirection element adapted to redirect an optical signal,
wherein:

[0059] said transmissive, collimation and redirection
elements are arranged to receive an optical signal from
an optical source and transmit, collimate and redirect

Chemtronics v. FlatFrog
Chemtronics Exhibit 1014 Page 26



US 2012/0223916 Al

said optical signal to produce a substantially collimated
signal in a substantially planar form;

[0060] said optical source is positioned such that an opti-
cal signal from said optical source is transmitted, colli-
mated and redirected by said transmissive body to pro-
duce a substantially collimated substantially planar
signal; and said optical splitting element is positioned to
split said substantially collimated substantially planar
signal into said first and second pluralities of energy
beams.

[0061] The optical splitting element preferably comprises a
prism film or a phase mask. In yet another preferred embodi-
ment, the emitting system comprises: an optical source, and
first and second arrays of transmit optical waveguides dis-
posed along said first side of said input area, wherein said first
and second arrays of transmit optical waveguides conduct
light from said optical source to said first side to produce said
first and second pluralities of energy beams.

[0062] In still another preferred embodiment, the emitting
system comprises: first and second optical sources, and first
and second arrays of transmit optical waveguides disposed
along said first side of said input area, wherein said first array
of transmit optical waveguides conducts light from said first
optical source to said first side to produce said first plurality of
energy beams; and said second array of transmit optical
waveguides conducts light from said second optical source to
said first side to produce said second plurality of energy
beams.

[0063] Preferably the angle between said first and second
directions is in the range from 5° to 30°. More preferably the
angle is approximately 10°.

[0064] Preferably the variations are analysed to determine
the position of said object by triangulation. In preferred
embodiments the analyser is further adapted to analyse the
intensity distributions to determine the position of said object
along a second coordinate axis which is at right angles to said
coordinate axis between said first and second sides.

[0065] Preferably the input device consists essentially of
the mutually opposed emitting and detector systems on the
first and second sides and the remaining sides (third and
fourth sides) are essentially free from any emission/detection
systems, thereby to minimise the bezel widths on the third and
fourth sides.

[0066] According to a sixth aspect the present invention
provides a method for determining the position of an object
within an input area, said method comprising the steps of:

[0067] projecting first and second pluralities of energy
beams across said input area in first and second direc-
tions to a second, opposing side of said input area, said
first and second directions being angled relative to each
other;

[0068] measuring the intensity distributions of said first
and second pluralities of energy beams after said beams
have traversed said input area to determine variations in
said intensity distributions indicative of the presence of
an object in said input area; and

[0069] analysing said variations to determine the posi-
tion of said object along a coordinate axis between said
first and second sides.

[0070] Preferably the input device consists essentially of
the mutually opposed emitting and detector systems on the
first and second sides and the remaining sides (third and
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fourth sides) are essentially free from any emission/detection
systems, thereby to minimise the bezel widths on the third and
fourth sides.

[0071] According to a seventh aspect the present invention
provides an article of manufacture comprising a computer
usable medium having a computer readable program code
configured to conduct the method according to any one of the
second, fourth or sixth aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] Preferred embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying drawings in which:

[0073] FIG. 1 illustrates a plan view of a ‘discrete compo-
nent’ infrared touch screen with multiple paired optical
sources and detectors;

[0074] FIG. 2 illustrates a plan view of a waveguide-based
infrared touch screen;

[0075] FIG. 3 illustrates a plan view of a ‘light guide plate’
infrared touch screen;

[0076] FIG. 4 illustrates in plan view a mobile phone with
a touch screen extending across essentially its full width;
[0077] FIGS. 5A and 5B illustrate in plan view and side
view a ‘light guide plate’ infrared touch screen according to
an embodiment of the invention;

[0078] FIG. 6 illustrates schematically how the controller
of'a ‘light guide plate’ infrared touch screen detects a touch
object;

[0079] FIGS. 7A and 7B illustrate, for a ‘light guide plate’
infrared touch screen, the effect of distance from the receive
waveguides on the sharpness of a shadow cast by a touch
object;

[0080] FIG. 8 illustrates in plan view a waveguide-based
infrared touch screen according to an embodiment of the
invention;

[0081] FIG. 9illustrates in plan view a discrete component
infrared touch screen according to an embodiment of the
invention;

[0082] FIG. 10 illustrates in plan view a discrete compo-
nent infrared touch screen according to an embodiment of the
invention;

[0083] FIG. 11 illustrates in plan view a waveguide-based
infrared touch screen according to an embodiment of the
invention;

[0084] FIGS. 12A, 12B and 12C show in side view three
possible arrangements for stacking arrays of integrated opti-
cal waveguides;

[0085] FIGS. 13A and 13B illustrate in plan view and side
view a ‘light guide plate’ infrared touch screen according to
an embodiment of the invention;

[0086] FIG. 14 illustrates in side view a ‘light guide plate’
infrared touch screen according to an embodiment of the
invention;

[0087] FIG. 15A illustrates in plan view the effect of plac-
ing an optical source away from the focal axis of a parabolic
reflector;

[0088] FIG. 15B illustrates in plan view an emitting system
according to an embodiment of the invention, with two oft-
axis optical sources;

[0089] FIG. 15C illustrates in plan view an emitting system
according to an embodiment of the invention, with one on-
axis optical source and one off-axis optical source;
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[0090] FIG. 16A illustrates in plan view a ‘light guide
plate’ infrared touch screen incorporating the emitting system
of FIG. 15B;

[0091] FIG.16B illustratesinplanview a ‘light guide plate’
infrared touch screen incorporating the emitting system of
FIG. 15C;

[0092] FIG. 17 illustrates in plan view designs for in-plane
lenses suitable for receiving off-axis beams;

[0093] FIG. 18 illustrates in plan view a receive waveguide
configuration where adjacent pairs of in-plane lenses feed
into a common waveguide;

[0094] FIGS. 19A and 19B illustrate in plan view optical
elements that are able to focus light beams propagating in two
different directions into a single waveguide;

[0095] FIG.20A illustrates in plan view an emitting system
according to an embodiment of the invention, with an optical
splitting element;

[0096] FIG.20B illustrates in plan view an emitting system
according to an embodiment of the invention, with an optical
splitting element;

[0097] FIG. 21 illustrates in plan view a ‘light guide plate’
infrared touch screen according to an embodiment of the
invention, with one on-axis optical source and two off-axis
optical sources;

[0098] FIG. 22 illustrates in plan view a waveguide-based
infrared optical touch screen according to an embodiment of
the invention; and

[0099] FIG. 23 illustrates in plan view a waveguide-based
infrared optical touch screen according to an embodiment of
the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0100] FIG. 4 shows in plan view a schematic of a mobile
phone 44 equipped with a touch screen 46, an on/oft switch 48
and a speaker 50. A particular feature of the touch screen
shown here is that ithas minimal bezel width on two opposing
sides 52,52', enabling it to occupy essentially the full width of
the mobile phone, increasing the available screen area and
possibly resulting in a more aesthetically pleasing appear-
ance. The need for small bezel width along the other two sides
is clearly less pressing. In this section some variations of the
‘discrete component’, ‘waveguide-based’ and ‘light guide
plate’ styles of infrared touch screen (as shown in FIGS. 1, 2
and 3 respectively) are described that have the desired mini-
mal bezel width on two opposing sides.

[0101] FIGS. 5A and 5B show plan and side views of a
‘light guide plate’ infrared touch screen 54 according to one
embodiment of the present invention, comprising: an emit-
ting system in the form of a ‘single axis’ transmissive body 56
comprising a light guide plate 34 and a single collimation/
redirection element 36 including a parabolic reflector 38, and
an LED 4 at the focal point of the parabolic reflector; a
detector system 58 in the form of an array of ‘receive’ optical
waveguides 22 and a line camera 26; and a controller 60
connected to the LED and the line camera. For simplicity a
controller is generally not shown in subsequent illustrated
embodiments, but will invariably be present. The light guide
plate of the transmissive body is adapted to receive, confine
and transmit in planar form an optical signal 40 from the LED,
and the collimation/redirection element 36 is adapted to col-
limate the optical signal substantially and redirect it to pro-
duce a plurality of energy beams in the form of a substantially
collimated sheet of light 42 emitted from the exit facet 62. The
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light sheet propagates in front of the light guide plate, and can
be partially blocked by an object 12 on or close to the front
surface of the light guide plate. The propagation direction is
parallel to the focal axis 63 of the parabolic reflector, designed
to be parallel to the lateral sides 52, 52' of the light guide plate
so that the light sheet impinges on the array of in-plane lenses
29, and portions thereof focused into the receive waveguides.

[0102] In FIGS. 5A and 5B the transmissive body 56 is
depicted as being a single piece, produced for example by
injection moulding. However as explained in the abovemen-
tioned US 2008/0278460 A1 this is not essential, and in some
circumstances it may be preferred to provide the transmissive
body in two pieces (e.g. a light guide plate and a separate
collimation/redirection element) or even in three pieces, and
combine them during assembly. This also applies to all other
‘light guide plate’ infrared touch screens described in this
specification. In addition the light guide plate can be located
in front of the display (if present) or behind the display, or the
display glass itself could be used to perform the function of
the light guide plate.

[0103] The controller 60 of this touch screen 54 analyses
the received intensity profile for variations that may indicate
the presence of an object in the input area, and it will be clear
that the X-axis coordinate of a touch object 12 can be readily
determined from the portions of the light sheet blocked, in the
same manner as the FIG. 3 device. Despite all expectations, it
is also possible for the Y-axis coordinate to be determined.
Before explaining how this can be achieved, we will describe
in more detail how the controller determines the X-axis coor-
dinate. FIG. 6 shows a plot of received intensity versus pixel
position across a portion of a line camera, where the pixel
position is related to position across the X-axis of the input
area according to the layout of the receive waveguides. If a
region of decreased intensity 64 falls below a ‘detection
threshold’ 66, it is interpreted to be a touch event. The edges
68 of the touch object responsible are then determined with
respect to a ‘location threshold” 70 that may or may not
coincide with the detection threshold, and the distance 72
between the edges provides a measure of the width, size or
dimension of the touch object in the X-axis. Another impor-
tant parameter is the slope of the intensity variation in the
region of decreased intensity 64. There are a number of ways
in which a slope parameter could be defined, and by way of
example only we will define it to be the average of the gradi-
ents (magnitude only) of the intensity curve around the ‘half
maximum’ level 74. Other examples will be known to the
skilled person, such as by calculating turning or inflection
points in the first and/or second differentials of the intensity
distribution profile. In other embodiments a slope parameter
may be defined differently, and may for example involve an
average of the gradients at several points within the region of
decreased intensity. We have found that ‘light guide plate’
touch screens are well suited to edge detection algorithms,
providing smoothly varying intensity curves that enable pre-
cise determination of edge locations and gradients.

[0104] To determine the Y-axis coordinate an ‘edge diffrac-
tion effect’ is used, whereby the sharpness of the edges of a
touch event depends on the distance between the touch object
and the receive waveguides. In particular, we have observed
that in a ‘light guide plate’ infrared touch screen as shown in
FIG. 3 the edges of a touch event become more blurred the
further a touch object is from the receive waveguides. FIG. 7A
schematically shows the shadows cast by two touch objects A
and B as detected by a line camera, while FIG. 7B shows the
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corresponding plot of received intensity. Object A is closer to
the receive waveguides and casts a sharper shadow, while
object B is further from the receive waveguides and casts a
more blurred shadow because of the edge diffraction effect.
Mathematically, the sharpness of a shadow could be
expressed in the form of a slope parameter as described above
with reference to FIG. 6. The slope parameter, or some other
quantification of shadow sharpness, therefore represents a
measure of the distance of a touch object from the receive
waveguides, i.e. its Y-axis coordinate. The controller then
determines the actual Y-axis coordinate by comparing the
slope parameter against a known calibration, such as a look-
up table, that may be established during device testing at
manufacture, or by a calibration routine that occurs at switch-
on or as required by a user. In other embodiments the look-up
table will be known from the touch screen configuration and
simply incorporated into the controller as hardware or firm-
ware, or in software running on the controller or a host device
such as a mobile phone or computer. In yet other embodi-
ments the slope parameter and the distance 72 between the
touch object edges (i.e. the X-axis dimension of the touch
object) may both be compared with one or more look-up
tables to determine the Y-axis coordinate.

[0105] Without wishing to be bound by theory, we believe
that this edge diffraction effect is due to the imperfect colli-
mation of the in-plane receive waveguide lenses and/or the
parabolic reflector, and may also be related to the fact that an
LED is not an idealised point source. Furthermore the effect
can be enhanced by designing the optical system to have a
certain degree of imperfect collimation. Another way of inter-
preting the effect is the degree to which the object is measured
by the system as being in focus. In FIG. 7A, touch object A is
relatively in-focus, whereas touch object B is relatively out-
of-focus and as such an algorithm can be used to determine
the degree of focus and hence relative position. It will be
appreciated by those skilled in the art that many such focusing
algorithms are available and commonly used in digital still
and video cameras.

[0106] In further embodiments of the invention, the edge
diffraction effect may be used to obtain a measure of the
Y-axis coordinate in other types of infrared touch screen. For
example FIG. 8 shows a plan view of a ‘single axis’
waveguide-based touch screen 76 where the energy beams 8
are produced by an array of transmit waveguides 16 as in the
FIG. 2 device, and FIG. 9 shows a ‘discrete component’
infrared touch screen 78 with arrays of LEDs 4 and photo-
detectors 10 along one pair of opposing sides only. In each
case there will be a substantial reduction in bezel width along
the screen sides 52, 52'.

[0107] It is not essential for the edge diffraction effect to
take the form shown in FIGS. 7A and 7B, i.e. where the
shadow cast by a touch object is sharper the closer the touch
object is to the receive waveguides. It may be, depending on
factors such as collimation/focusing at the receive side, that
for other touch screen configurations and technologies the
differential edge blurring is reversed such that objects further
from the receive sides/detectors exhibit sharper edges. Nev-
ertheless the same principles would apply, with a differential
in edge sharpness being the key consideration for obtaining a
measure of the Y-axis coordinate.

[0108] Inyetother embodiments ofthe present invention, a
‘single axis’ infrared touch screen can have emitting systems
and detector systems on both of the opposing sides, so that a
touch object can be detected by two counter-propagating light
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fields. An advantage with such an arrangement is that the
edge-blurring algorithm used to determine the Y-axis coordi-
nate can be performed twice, to improve the accuracy. In
favourable situations there may be no need for the controller
to refer to a look-up table to determine the Y-axis coordinate;
for example if the degree of edge blurring (as measured by a
slope parameter for example) is equal in each of the two
perspectives, the controller will conclude that the touch
object is located at the midpoint of the screen in the Y-direc-
tion.

[0109] Counter-propagating light fields can be produced in
straightforward fashion in a discrete component infrared
touch screen by interleaving the LEDs 4 and photo-detectors
10 as shown in FIG. 10. FIG. 11 shows a suitable waveguide-
based configuration with interleaved transmit and receive
in-plane lenses 28, 29 and waveguides 16, 22 on a single
substrate 80 along each of the two opposing sides. In general,
waveguide crossings 82 are not a significant problem for
waveguide fabrication or optical cross-talk, provided the
crossing angle is sufficiently large (say greater than 10°)
which can be ensured by an appropriate waveguide layout.
However the spatial resolution may be reduced somewhat if
the ‘transmit’ in-plane lenses 28 and the ‘receive’ in-plane
lenses 29 are interleaved rather than being close packed. If
desired, the transmit and receive waveguides can be fabri-
cated on separate substrates that can be stacked waveguide-
to-waveguide, waveguide-to-substrate or substrate-to-sub-
strate as shown in side view in FIGS. 12A, 12B and 12C
respectively. Lower cladding layers 84 and upper cladding
layers 86 provide optical isolation for the core layers 16 and
22, as is usual for integrated optical waveguides. Optionally,
the two LEDs 4, 4' in the FIG. 11 device have different
emission wavelengths, and appropriate band pass or notch
filters 88, 88' provided between the receive waveguides 22
and the line cameras 26, 26' to prevent any optical cross-talk
between the counter-propagating light fields.

[0110] FIGS. 13A and 13B show plan and side views of one
possible implementation of a ‘light guide plate’ touch screen
with counter-propagating light fields, where the collimation/
redirection elements 36 are set back somewhat from the input
area 6 to make room for the arrays of receive waveguides 22.
It should be noted that FIG. 13 A in particular is not to scale;
in actual touch screens the width of the receive waveguide
arrays, including the in-plane lens length, will typically be 7
mm at most, much smaller than the dimensions of a typical
mobile phone touch screen for example. This configuration
includes a single light guide plate 34 having collimation/
redirection elements 36 at both ends, and the LEDs 4, 4'
launch light 40 into the light guide plate through the collima-
tion/redirection elements. Alternatively there may be two
stacked single axis light guide plates of the type shown in
FIGS. 5A and 5B. FIG. 14 shows in side view another alter-
native configuration where the receive waveguide arrays 22
are mounted above the collimation/redirection elements 36,
allowing the collimation/redirection elements to be located
adjacent the input area, reducing the bezel width but increas-
ing its height. Similar to the FIG. 11 device, the variant
configurations shown in FIGS. 13A, 13B and 14 can also, if
desired, include LEDs 4, 4' with different emission wave-
lengths, along with appropriate band pass or notch filters.
These filters may be positioned between the receive
waveguides 22 and the line cameras 26, 26, or between the
in-plane lenses 29 and the input area 6.
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[0111] We now turn to the description of another class of
infrared touch screen configurations with optics along two
opposing sides only, that can nevertheless determine a touch
location in two dimensions, using a form of stereoscopic
vision. Referring back to FIG. 5A, a single axis transmissive
body 56 converts diverging light 40 from an LED 4 into a
substantially collimated sheet of light 42 propagating parallel
to the focal axis 63 of the parabolic reflector and parallel to the
lateral sides 52, 52' of the light guide plate 34, provided the
LED is positioned at the focal point of the parabolic reflector
38. It however an LED 4 is deliberately positioned ‘off axis’
as shown in FIG. 15A, the transmissive body 56 will produce
a substantially collimated ‘skew’ light sheet 90 propagating at
an angle to the focal axis 63.

[0112] If two LEDs 4, 4' are placed on either side of the
focal axis 63 as shown in FIG. 15B, the transmissive body 56
will produce two substantially collimated skew light sheets
90, 90", each propagating at an angle to the focal axis and to
the lateral sides 52, 52'. Alternatively if one LED 4 is placed
on the focal axis 63 and a second LED 4' is placed to one side
of'the focal axis as shown in FIG. 15C, the transmissive body
56 will produce one substantially collimated light sheet 42
propagating parallel to the focal axis and one substantially
collimated skew light sheet 90.

[0113] As illustrated in FIG. 16A, where the skew light
sheets are shown as individual energy beam paths 92, 92', the
addition of a detector system 58 in the form of two arrays of
receive waveguides 22, 22' with in-plane lenses 29, 29' fab-
ricated on a substrate 80 and adapted to receive portions of
each light sheet and guide them to two line cameras 26, 26' (or
alternatively to two sections of a single line camera), and a
controller 60 connected to the LEDs and line cameras, yields
a touch screen where the X and Y-coordinates of a touch
object can be determined. A similar arrangement for the FIG.
15C emitting system is illustrated in FIG. 16B. The touch
co-ordinates can be determined using a range of algorithms
that will be known to one skilled in the art, for example
triangulation. The receive waveguides can be provided in
interleaved fashion on a single substrate as shown, or on two
substrates stacked as shown in FIGS. 12A,12B or 12C. As in
previous embodiments with two optical sources, the two
LEDs 4, 4' can optionally have different emission wave-
lengths, and appropriate band pass or notch filters provided
between the receive waveguides and the line cameras, to
prevent any optical cross-talk between the two skew light
fields. However the excellent spatial filtering provided by the
in-plane lenses 29, 29 will in most cases be sufficient to
prevent this cross-talk. We note that the layouts of the receive
waveguides 22, 22' on the substrate 80 illustrated in FIGS.
16A and 16B are exemplary only, and can be adjusted to
relocate the line cameras 26, 26' if desired, for example if
stray light from the LEDs 4, 4' is a problem.

[0114] In certain embodiments the receive waveguides are
adapted to receive energy beams propagating in a certain
direction by having appropriately angled symmetrical in-
plane lenses as shown in FIGS. 16 A and 16B. In an alternative
embodiment shown in FIG. 17 the receive waveguides have
in-plane lenses 29, 29' with refractive surfaces 100 designed
to capture energy beams 92, 92' propagating in certain direc-
tions. This alternative embodiment may be advantageous for
close-packed waveguide layouts, since the sidewalls 102 of
the in-plane lenses can be made parallel.

[0115] If the waveguide portion of the detector system is
fabricated on a single substrate as shown in FIGS. 16A and
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16B, the number of waveguides in the fairway leading to the
line camera can be halved, significantly reducing the required
substrate width, by having pairs ofin-plane lenses 29, 29' feed
into a single receive waveguide 22 at a series of Y junctions
103 as shown in FIG. 18. In this configuration, the LEDs 4, 4'
are pulsed sequentially in a time division multiplexed fashion
to provide discrimination between the two sets of beam paths
92, 92'. However in a result well known to those skilled in the
art of integrated optics, this configuration has the disadvan-
tage of'a 3 dB loss at every Y junction, where 50% of the light
collected by the in-plane lenses is lost to radiation modes.

[0116] This 3 dB loss can be avoided by combining pairs of
in-plane lenses into an optical element that can collect two
sets of substantially collimated light beams propagating in
different directions and focus them into a single waveguide.
In certain embodiments this optical element comprises a
separate focusing element for each set of substantially colli-
mated light beams; for example as shown in FIG. 19A it may
comprise a slab waveguide 108 with first and second focusing
elements in the form of two curved refractive surfaces 110,
110" designed to focus light paths 92, 92' into a single
waveguide 22. In other embodiments this optical element
comprises a focusing element and a deflection element; for
example as shown in FIG. 19B it may comprise a deflection
element in the form of a prism 112 positioned in front of a
focusing element in the form of'a curved front surface 110 of
a slab waveguide 108. One set of light paths 92 is focused by
the curved surface into a waveguide 22, while the other set of
light paths 92' is deflected by the prism such that the curved
surface can focus it into the waveguide. Several variations are
possible; for example the deflection element could be located
after the focusing element by forming an air prism inside the
slab waveguide.

[0117] In alternative embodiments shown in FIG. 20A and
20B, the emitting system comprises an optical source 4, a
transmissive body 56 and an optical splitting element 104,
where the light sheet 42 emitted by the transmissive body is
split by the optical splitting element to produce two pluralities
of'light paths propagating in different directions, for example
two pluralities of skew beam paths 92, 92' as shown in FIG.
20A, or a plurality of skew beam paths 92 and a plurality of
straight beam paths 92" as shown in FIG. 20B. As described
in more detail in PCT patent application No. PCT/AU2010/
001232 entitled ‘Projection systems for touch input devices’,
the contents of which are incorporated by reference, the opti-
cal splitting element may for example be a prism film or a
phase mask. In these embodiments with only one optical
source, it is necessary for the detector system to keep the two
pluralities of beam paths separate, for example by providing
two sets of receive waveguides connected to separate line
cameras or separate portions of a single line camera.

[0118] It can be seen from FIG. 16A that there are regions
94 close to the lateral sides 52, 52' with incomplete or no light
beam coverage, where an object cannot be located precisely
(single axis beam coverage only) or detected at all (no beam
coverage). [t will be appreciated that there will also be regions
with incomplete beam coverage in the configuration shown in
FIG.16B. This problem can be lessened by reducing the angle
that the skew light beams make with the Y-axis, or equiva-
lently reducing the angle between the propagation directions
of'the two sets of light beams, which equates to placing one or
both of the LEDs closer to the focal axis. However this also
decreases the accuracy with which the Y-axis coordinate can
be determined, so there will be a trade-off between screen

Chemtronics v. FlatFrog
Chemtronics Exhibit 1014 Page 30



US 2012/0223916 Al

coverage and accuracy. Preferably the crossing angle, i.e. the
angle between the two propagation directions, is in the range
5°10 30°, more preferably about 10°. By way of example, for
the specific case of a 3.5" input area with a 4:3 aspect ratio
(71.1 mmx53.3 mm), a pair of skew light sheets oriented at
+5° to the long sides (Y-axis), i.e. a crossing angle of 10°,
provides a resolution of 100 dpi in the X-axis and 10 dpiinthe
Y-axis, with a maximum dead zone of 6 mm on either side,
which is adequate for finger touch. Alternatively, the touch
input area can be oversized relative to the display area to
ensure that the entire display area is covered by light beams.
[0119] Inyetanother configuration, illustrated in plan view
in FIG. 21, the shaded regions 94 of FIG. 16 A can be covered
by providing an additional LED 4" at the focal point of the
parabola to generate an additional set of beams 92", and an
additional set of receive waveguides 22". These additional
beams could also be generated through imperfect collimation
of the parabolic reflector or by using LEDs 4 and 4' with an
emitting area that is considerably wider than an idealised
point source.

[0120] Instead of using two individual LEDs 4, 4' as in
FIGS. 16A or 16B, or three individual LEDs 4, 4', 4" as in
FIG. 21, a distributed form of light emission could be used.
This would provide a whole range of beam paths at many
different angles, without any apparent collimation, but the
in-plane lenses 29 would still provide sufficient spatial filter-
ing to form the detection grid and allow the determination of
touch co-ordinates.

[0121] An all-waveguide infrared touch screen operating
along similar principles is shown in plan view in FIG. 22. This
device may have two optical sources 4, 4' (optionally with
different emission wavelengths) as shown, or a single optical
source, and a detector system comprising two sets of receive
waveguides 22, 22' and two line cameras 26, 26' as shown, or
some other suitable combination of waveguides, lenses and
line cameras such as those described above with regard to
FIGS. 16 A to 19B. The transmit waveguides 16, 16' can be
provided on a single substrate as shown or on two separate
stacked substrates, and likewise for the receive waveguides
22, 22'. As in the devices shown in FIGS. 16A and 16B, the
excellent spatial filtering provided by the receive side in-
plane lenses 29 is useful in preventing cross-talk between the
two parallel sets of light beams 8, 8'. It will be appreciated that
a ‘discrete component’ version is also possible, if the indi-
vidual photo-detectors are correctly angled and/or have suf-
ficient spatial filtering to receive light from essentially one
direction only. Alternatively, one can activate the optical
sources and/or the photo-detectors sequentially to avoid
cross-talk.

[0122] Although itis convenient for several reasons to pro-
vide the emitting system and the detector system on opposite
sides of the input area, e.g. because it simplifies the device
assembly and enables the use of combined focusing elements
as shown in FIGS. 19A and 19B, and/or optical splitting
elements as shown in FIGS. 20A and 20B, this is not essential.
It is possible to provide portions of the emitting and detector
systems on opposite sides of the input area, such that one set
oflight beams propagates from a first side to a second side and
a second set of light beams propagates from the second side to
the first side. For example FIG. 23 shows in plan view an
all-waveguide infrared touch screen with two emitting sub-
systems each comprising an LED 4/4', a 1xN splitter 20/20'
and an array of waveguides 16/16' with associated in-plane
lenses 28/28' on opposing sides of the input area 6, and two
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detector sub-systems each comprising a camera 26/26' and an
array of waveguides 22/22' with associated in-plane lenses
29/29'. The two sets of light beams 8, 8' propagate at an angle
to each other as required for the ‘stereoscopic vision’ embodi-
ments. [t will be appreciated that a corresponding ‘light guide
plate’ configuration could also be constructed, similar to that
shown in FIG. 13A but with the two light sheets propagating
at different angles.

[0123] All waveguide layouts described above, including
transmit or receive waveguides with in-plane lenses, focusing
elements or deflection elements as required, can be fabricated
from photocurable polymer materials using photo-pattern-
ing/wet development techniques described for example in
U.S. Pat. No. 7,218,812 entitled ‘Planar waveguide with pat-
terned cladding and method for producing same’.

[0124] Ttwill be appreciated that any of the aforementioned
configurations can be combined to extend or improve their
performance. For example the stereoscopic vision configura-
tions could also incorporate the edge-blurring effect to pro-
vide enhanced resolution across the whole touch area or to
provide enhanced resolution in the single beam coverage
area.

[0125] It is noted that the collimating function provided by
the parabolic reflectors used in any of the aforementioned
configurations can also be achieved by a refracting lens ele-
ment, which can be configured as a simple lens or a seg-
mented or Fresnel lens to minimise size. Similarly, the simple
parabolic reflectors could be replaced by segmented para-
bolic reflectors.

[0126] Although the invention has been described with ref-
erence to specific examples, it will be appreciated by those
skilled in the art that the invention may be embodied in many
other forms.

1. An input device comprising:

an input area adapted to receive touch input to said input
device;

an emitting system adapted to emit a plurality of energy
beams from a first side of said input area;

a detector system disposed along a second side of said input
area and adapted to measure the intensity distribution of
said plurality of energy beams after said beams have
traversed said input area, said second side opposing said
first side; and

an analyser operatively connected to said detector system
and adapted to analyse said intensity distribution and to
determine the position of said object along a coordinate
axis between said first and second sides.

2. An input device according to claim 1 wherein said plu-
rality of energy beams is a substantially collimated signal in
a substantially planar form.

3. An input device according to claim 1 or claim 2 wherein
said energy beams comprise infrared or visible light.

4. An input device according to any one of the preceding
claims wherein said analyser is further adapted to analyse
said intensity distribution to determine the position of said
object along a second coordinate axis which is at right angles
to said coordinate axis between said first and second sides.

5. An input device according to any one of the preceding
claims wherein the sides of said input area adjacent said first
side are free from an emitting system or a detector system.

6. A method for determining the position of an object
within an input area, said method comprising the steps of:

emitting a plurality of energy beams from a first side of said
input area to a second opposed side of said input area;
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measuring the intensity distribution of said plurality of
energy beams after said beams have traversed said input
area; and

analysing said intensity distribution to determine the posi-

tion of said object along a coordinate axis between said
first and second sides.

7. A method according to claim 6 wherein the sides of said
input area adjacent said first side are free from an emitting
system or a detector system.

8. An input device comprising:

an input area adapted to receive touch input to said input

device;

an emitting system adapted to emit a plurality of energy

beams from a first side of said input area;

adetector system disposed along a second side of said input

area and adapted to measure the intensity distribution of
said plurality of energy beams after said beams have
traversed said input area, said second side opposing said
first side; and

an analyser operatively connected to said detector system

and adapted to analyse said intensity distribution,
wherein the presence of an object within said input area
produces a variation in said intensity distribution, said
analyser being adapted to determine the position of said
object along a coordinate axis between said first and
second sides by analysing said variation.

9. An input device according to claim 8, wherein said
variation comprises a region of decreased intensity in said
intensity distribution.

10. An input device according to claim 9, wherein said
analyser is adapted to determine a gradient at one or more
locations within said region of decreased intensity and
thereby determine the distance between said object and said
second side of said input area.

11. An input device according to claim 10, wherein said
magnitude of said gradient decreases with increasing distance
between said object and said second side of said input area.

12. An input device according to any one of claims 8 to 11,
wherein said energy beams comprise infrared or visible light.

13. An input device according to claim 12, wherein said
emitting system comprises: an optical source; a transmissive
element adapted to receive, confine and transmit an optical
signal in planar form; a collimation element adapted to sub-
stantially collimate an optical signal; and a redirection ele-
ment adapted to redirect an optical signal, wherein said trans-
missive, collimation and redirection elements are arranged to
receive an optical signal from said optical source and trans-
mit, collimate and redirect said optical signal to produce said
plurality of energy beams as a substantially collimated signal
in a substantially planar form.

14. An input device according to claim 12, wherein said
emitting system comprises: an optical source; and an array of
transmit optical waveguides disposed along said first side of
said input area and adapted to guide light from said optical
source to said first side to produce said plurality of energy
beams.

15. An input device according to any one of claims 8 to 14,
wherein said detector system comprises an array of optical
waveguides disposed along said second side and adapted to
receive portions of said plurality of energy beams and con-
duct said portions to a detector array.

16. An input device according to any one of claims 8 to 15
wherein said analyser is further adapted to analyse said inten-
sity distribution to determine the position of said object along
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a second coordinate axis which is at right angles to said
coordinate axis between said first and second sides.

17. An input device according to any one of claims 8 to 16
wherein the sides of said input area adjacent said first side are
free from an emitting system or a detector system.

18. A method for determining the position of an object
within an input area, said method comprising the steps of:

projecting a plurality of energy beams from a first side of
said input area to a second, opposing side of said input
area;

measuring the intensity distribution of said plurality of
energy beams after said beams have traversed said input
area;

analysing said intensity distribution to determine a varia-
tion in said intensity distribution indicative of the pres-
ence of an object in said input area;

calculating a parameter of said variation in said intensity
distribution; and

utilising said parameter to determine the position of said
object along a coordinate axis between said first and
second sides.

19. A method according to claim 18 wherein said variation
in said intensity distribution comprises a region of decreased
intensity.

20. A method according to claim 19, wherein said param-
eter comprises a gradient measured at one or more locations
within said region of decreased intensity.

21. A method according to claim 20, wherein the magni-
tude of said gradient decreases with increasing distance
between said object and said second side of said input area.

22. A method according to any one of claims 18 to 21
wherein said plurality of energy beams is a substantially
collimated signal in a substantially planar form.

23. A method according to any one of claims 18 to 22
further comprising the step of analysing said intensity distri-
bution to determine the position of said object along a second
coordinate axis which is at right angles to said coordinate axis
between said first and second sides.

24. A method according to any one of claims 18 to 23
wherein the sides of said input area adjacent said first side are
free from an emitting system or a detector system.

25. An input device comprising:

an input area adapted to receive touch input to said input
device;

an emitting system adapted to emit first and second plu-
ralities of energy beams across said input area, said first
and second pluralities of energy beams propagating in
first and second directions between first and second
sides of said input area, said first and second directions
being angled relative to each other;

a detector system adapted to measure the intensity distri-
butions of said first and second pluralities of energy
beams after said beams have traversed said input area;
and

an analyser operatively connected to said detector system
and adapted to analyse said intensity distributions,
wherein the presence of an object within said input area
produces variations in said intensity distributions, and
said analyser is adapted to determine the position of said
object along a coordinate axis between said first and
second sides by analysing said variations.

26. An input device according to claim 25, wherein said

energy beams comprise infrared or visible light.
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27. An input device according to claim 25 or claim 26,
wherein said emitting system is adapted to emit said first and
second pluralities of energy beams from said first side of said
input area, and said detector system is disposed along said
second side of said input area.

28. An input device according to claim 27, wherein said
detector system comprises: a first array of optical waveguides
disposed along said second side and adapted to receive por-
tions of said first plurality of energy beams and conduct said
portions to a detector array; and a second array of optical
waveguides disposed along said second side and adapted to
receive portions of said second plurality of energy beams and
conduct said portions to a detector array.

29. An input device according to claim 28, wherein each
optical waveguide terminates in an in-plane lens adapted to
focus a portion of the respective plurality of energy beams
into said waveguide.

30. An input device according to claim 28, wherein said
detector system comprises: an array of optical waveguides
and associated optical elements disposed along said second
side, wherein each optical element is adapted to collect por-
tions of said first and second pluralities of energy beams and
focus said portions into its associated optical waveguide for
guidance to a detector array.

31. An input device according to claim 30, wherein each
optical element comprises first and second focusing elements
adapted to collect respective portions of said first and second
pluralities of energy beams and focus said portions into said
associated optical waveguide.

32. An input device according to claim 30, wherein each
optical element comprises a focusing element and a deflec-
tion element, wherein said focusing element and said deflec-
tion element in combination are adapted to collect a portion of
said first plurality of energy beams and focus that portion into
said associated optical waveguide, and said focusing element
is adapted to collect a portion of said second plurality of
energy beams and focus that portion into said associated
optical waveguide.

33. An input device according to any one of claims 27 to 32,
wherein said emitting system comprises first and second opti-
cal sources and a transmissive body, said transmissive body
comprising:

a transmissive element adapted to receive, confine and
transmit an optical signal in planar form; a collimation
element adapted to substantially collimate an optical
signal; and a redirection element adapted to redirect an
optical signal, wherein:

said transmissive, collimation and redirection elements are
arranged to receive an optical signal from an optical
source and transmit, collimate and redirect said optical
signal to produce a substantially collimated signal in a
substantially planar form; and

said first and second optical sources are positioned such
that an optical signal from said first optical source is
transmitted, collimated and redirected by said transmis-
sive body to produce said first plurality of energy beams
propagating in said first direction, and an optical signal
from said second optical source is transmitted, colli-
mated and redirected by said transmissive body to pro-
duce said second plurality of energy beams propagating
in said second direction.
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34. An input device according to any one of claims 27 to 32,
wherein said emitting system comprises an optical source, an
optical splitting element and a transmissive body, said trans-
missive body comprising:

a transmissive element adapted to receive, confine and
transmit an optical signal in planar form; a collimation
element adapted to substantially collimate an optical
signal; and a redirection element adapted to redirect an
optical signal, wherein:

said transmissive, collimation and redirection elements are
arranged to receive an optical signal from an optical
source and transmit, collimate and redirect said optical
signal to produce a substantially collimated signal in a
substantially planar form;

said optical source is positioned such that an optical signal
from said optical source is transmitted, collimated and
redirected by said transmissive body to produce a sub-
stantially collimated substantially planar signal; and

said optical splitting element is positioned to split said
substantially collimated substantially planar signal into
said first and second pluralities of energy beams.

35. An input device according to claim 34, wherein said
optical splitting element comprises a prism film or a phase
mask.

36. An input device according to any one of claims 27 to 32,
wherein said emitting system comprises: an optical source,
and first and second arrays of transmit optical waveguides
disposed along said first side of said input area, wherein said
first and second arrays of transmit optical waveguides con-
duct light from said optical source to said first side to produce
said first and second pluralities of energy beams.

37. Aninput device according to any one of claims 27 to 32,
wherein said emitting system comprises: first and second
optical sources, and first and second arrays of transmit optical
waveguides disposed along said first side of said input area,
wherein said first array of transmit optical waveguides con-
ducts light from said first optical source to said first side to
produce said first plurality of energy beams; and said second
array of transmit optical waveguides conducts light from said
second optical source to said first side to produce said second
plurality of energy beams.

38. An input device according to any one of claims 2510 27,
wherein the angle between said first and second directions is
in the range from 5° to 30°.

39. An input device according to claim 38, wherein said
angle is approximately 10°.

40. An input device according to any one of claims 25 to 39
wherein said variations are analysed to determine the position
of'said object by triangulation.

41. An input device according to any one of claims 25 to 40
wherein the analyser is further adapted to analyse said inten-
sity distributions to determine the position of said object
along a second coordinate axis which is at right angles to said
coordinate axis between said first and second sides.

42. An input device according to any one of claims 25 to 41
wherein the sides of said input area adjacent said first side are
free from an emitting system or a detector system.

43. A method for determining the position of an object
within an input area, said method comprising the steps of:

projecting first and second pluralities of energy beams
across said input area in first and second directions to a
second, opposing side of said input area, said first and
second directions being angled relative to each other;
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measuring the intensity distributions of said first and sec- 44. A method according to claim 43 wherein the sides of
ond pluralities of energy beams after said beams have said input area adjacent said first side are free from an emit-
ting system or a detector system.

45. An article of manufacture comprising a computer
usable medium having a computer readable program code
configured to conduct the method according to any one of
analysing said variations to determine the position of said claims 6, 18 to 24 or 43 to 44.

object along a coordinate axis between said first and

second sides.

traversed said input area to determine variations in said
intensity distributions indicative of the presence of an
object in said input area; and

sk sk sk sk sk
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