
Optical Touch Detection System

FIELD OF THE INVENTION

t00011 The field of the present invention is light-based touch screens

BACKGROUND OF THE INVENTION

[0002ì Many consumer electronic devices are now being built with touch

sensitive screens, for use with finger or stylus touch user inputs. These

devices range from small screen devices such as mobile phones and car

entertainment systems, to mid-size screen devices such as notebook

computers, to large screen devices such as check-in stations at airports.

t00031 Most conventional touch screen systems are based on resistive

or capacitive layers. Such systems are not versatile enough to offer an

all-encompassing solution, as they are not easily scalable.

[0004] Reference is made to FIG. 1, which is a prior art illustration of a

conventional touch screen system. Such systems include an LCD display

surface 606, a resistive or capacitive overlay 801 that is placed over the

LCD surface, and a controller integrated circuit (IC) 701 that connects to

the overlay and converts inputs from the overlay to meaningful signals.

A host device (not shown), such as a computer, receives the signals from

controller lC7Ol, and a device driver or such other program interprets

the signals to detect a touch-based input such as a key press or scroll

movement.

t00051 Reference is made to FIG. 2, which is a prior art illustration of a

conventional resistive touch screen. Shown in FIG. 2 are conductive and

resistive layers 8O2 separated by thin spaces. A PET film 8O3 overlays a

top circuit layer 8O4, which overlays a conductive coating 806. Similarly,

a conductive coatingSOT with spacer dots 8O8 overlays a bottom circuit

layer 805, which overlays a glass layer 607. When a pointer 9OO, such
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as a f¡nger or a stylus, touches the screen, a contact is created between

resistive layers, closing a switch. A controller 7Ol determines the current

between layers to derive the position of the touch point.

10006ì Advantages of resistive touch screens are their low cost, low

power consumption and stylus support.

t0002ì A disadvantage of resistive touch screens is that as a result of

the overlay, the screens are not fully transparent. Another disadvantage

is that pressure is required for touch detectioni i.e ., a pointer that

touches the screen without sufficient pressûre goes undetected. As a

consequence, resistive touch screens do not detect finger touches well.

Another disadvantage is that resistive touch screens are generally

unreadable in direct sunlight. Another disadvantage is that resistive

touch screens are sensitive to scratches. Yet another disadvantage is

that resistive touch screens are unable to discern that two or more

pointers are touching the screen simultaneously, referred to as "multi-

touch".

t000Sì Reference is made to FIG. 3, which is a prior art illustration of a

conventional surface capacitive touch screen. Shown in FIG. 3 is a touch

surface 8O9 overlaying a coated glass substrate 81O. Two sides of a

glass 811 are coated with a uniform conductive indium tin oxide (ITO)

coating 812. In addition, a silicon dioxide hard coating 813 is coated on

the front side of one of the ITO coating layers 812, Electrodes 814 are

attached at the four corners of the glass, for generating an electric

current. A pointer 9OO, such as a finger or a stylus, touches the screen/

and draws a small amount of current to the point of contact. A controller

7O1 then determines the location of the touch point based on the

proportions of current passing through the four electrodes.

t00091 Advantages of surface capacitive touch screens are finger touch

support and a durable surface.
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t00101 A disadvantage of surface capacitive touch screens is that as a

result of the overlay, the screens are not fully transparent. Another

disadvantage is a limited temperature range for operation. Another

disadvantage is a limited capture speed of pointer movements, due to the

capacitive nature of the touch screens. Another disadvantage is that

surface capacitive touch screens are susceptible to radio frequency (RF)

interference and electromagnetic (EM) interference. Another

disadvantage is that the accuracy of touch location determination

depends on the capacitance. Another disadvantage is that suface

capacitive touch screens cannot be used with gloves. Another

disadvantage is that surface capacitive touch screens require a large

screen border. As.a consequencef surface capacitive touch screens

cannot be used with small screen devices. Yet another disadvantage is

that surface capacitive touch screens are unable to discern a multi-touch.

t00rq Reference is made to FIG. 4, which is a prior art illustration of a

conventional projected capacitive touch screen. Shown in FIG' 4 are

etched ITO layers 815 that form multiple horizontal (x-axis) and vertical

(y-axis) electrodes. Etched layers 815 include outer hard coat layers

816 and 8L7, an x-axis electrode pattern 818, a y-axis electrode pattern

819, and an ITO glass 820 in the middle. AC signalsT02 drive the

electrodes on one axis, and the response through the screen loops back

via the electrodes on the other axis. Location of a pointer 9OO touching

the screen is determined based on the signal level changes 7O3 between

the horizontal and vertical electrodes,

t00121 Advantages of projective capacitive touch screens are finger

multi-touch detection and a durable surface.

t0013ì A disadvantage of projected capacitive touch screens is that as a

result of the overlay, the screens are not fully transparent. Another

disadvantage is their high cost. Another disadvantage is a limited
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temperature range for operation. Another disadvantage is a limited

capture speed, due to the capacitive nature of the touch screens.

Another disadvantage is a limited screen size, typically less than 5".

Another disadvantage is that surface capacitive touch screens are

susceptible to RF interference and EM interference. Yet another

disadvantage is that the accuracy of touch location determination

depends on the capacitance.

t00141 It will thus be appreciated that conventional touch screens are

not ideal for general use with small mobile devices and devices with large

screens. It would thus be beneficial to provide touch screens that

overcome the disadvantages of conventional resistive and capacitive

touch screens described above.
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SUMMARY OF THE DESCRIPTION

t00r5l Aspects of the present invention provide light-based touch

screens for which locations of two or more pointers touching the screen

simultaneously may be unambiguously inferred.

t00161 Further aspects of the present invention provide an emitter along

one edge of a display screen that directs light to receivers along the three

others edges of a display screen, by use of specially constructed lenses

having tri-directional micro-lenses in their surfaces.

t00171 There is thus provided in accordance with an embodiment of the

present invention an optical element for a light based touch suface

including a concatenated plurality of segments, wherein each segment is

paired with a respective light emitter, each segment including an

undulating series of pairs of reflective or refractive facets, wherein a first

facet in each pair is oriented so as to collimate light emitted from a first

light emitter associated with the segment and a second facet in each pair

is oriented so as to collimate light emitted from a second light emitter

associated with the segment, and wherein the first light emitter

associated with the segment is the light emitter paired with the segment

and the second light emitter associated with the segment is the light

emitter paired with a neighboring segment,

t00tSl There is additionally provided in accordance with an embodiment

of the present invention an optical element for a light based touch

surface, including a concatenated plurality of segments, wherein

alternating ones of the segments are respectively paired with alternating

light emitters and light receivers, each segment including an undulating

series of pairs of reflective or refractive facets, wherein a first facet in

each pair is oriented so as to collimate light emitted from a light emitter

associated with the segment, and a second facet in each pair is oriented

so as to direct collimated light onto a light receiverassociated with the
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segment, and wherein the light receiver associated with the segment is

one of the light receìvers that neighbor the light emitter associated with

the segment.
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BRIEF DESCRIPTION OF THE DRAWINGS

t00191 The present invention will be more fully understood and

appreciated from the following detailed description, taken in conjunction

with the drawings in which:

t00201 FIG. 1 is a prior art illustration of a conventional touch screen

system;

t002tl FIG. 2 is a prior art illustration of a conventional resistive touch

screen;

100221 FIG, 3 is a prior art illustration of a conventional surface

capacitive touch screen;

t00231 FIG. 4 is a prior art illustration of a conventional projected

capacitive touch screen;

100241 FIG. 5 is an illustration of a portion of a touch screen including a

plurality of emitters that are positioned close together, wherein light is

guided by fiber optic light guides to locations along a first screen edge, in

accordance with an embodiment of the present invention;

t0025ì FIG, 6 is a diagram of a touch screen having 16 emitters and 16

receivers, in accordance with an embodiment of the present invention;

1002ól FIGS. 7 - I are diagrams of the touch screen of FIG. 6,

showing detection of two pointers that touch the screen simultaneously,

in accordance with an embodiment of the present invention;

t00z7l FIGS. 1O and 11 are diagrams of a touch screen that detects a

two finger glide movement, in accordance with an embodiment of the

present invention;

t002Sì FIG. 12 is a circuit diagram of the touch screen from FIG. 6, in

accordance with an embodiment of the presenL invention;

t00291 FIG. 13 is a simplified diagram of a light-based touch screen

system, in accordance with an embodiment of the present invention;
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t00301 FIG. 14 is a simplified cross-sectional diagram of the touch

screen system of FIG. 13, in accordance with an embodiment of the

present invention;

t00311 FIG. 15 is a simplified illustration of an arrangement of emitters,

receivers and optical elements that enable a touch screen system to read

pointers that are smaller than the sensor elements, in accordance with an

embodiment of the present invention;

t00321 FIG. 16 is a simplified illustration of an arrangement of emitters,

receivers and optical elements that enable a touch screen system to

detect a pointer that is smaller than the sensor elements, including inter

alia a stylus, in accordance with an embodiment of the present invention;

t00331 FIG. 17 is a simplified diagram of a touch screen with wide light

beams covering the screen, in accordance with an embodiment of the

present invention;

t00341 FIG. 18 is a simplified illustration of a collimating lens, in

accordance with an embodiment of the present invention;

t003sl FIG. 19 is a simplified illustration of a collimating lens in

cooperation with a light receiver, in accordance with an embodiment of

the present invention;

t00361 FIG. 20 is a simplified illustration of a collimating lens having a

surface of micro-lenses facing an emitter, in accordance with an

embodiment of the present invention;

t00371 FIG. 21 is a simplified illustration of a collimating lens having a

surface of micro-lenses facing a receiver, in accordance with an

embodiment of the present invention;

t003tl FIG.22 is a simplified diagram of an electronic device with a

wide-beam touch screen, in accordance with an embodiment of the

present invention;
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100391 FIG. 23 is a diagram of the electronic device of FfG. 22,

depicting overlapping light beams from one emitter detected by two

receivers, in accordance with an embodiment of the present invention;

t00401 FlG.24 is a diagram of the electronic device of FIG, 22,

depicting overlapping light beams from two emitters detected by one

receiver, in accordance with an embodiment of the present invention;

[004]ì FIG. 25 is a diagram of the electronic device of FfG. 22,

showing that points on the screen are detected by at least two emitter-

receiver pairs, in accordance with an embodiment of the present

invention;

100421 FIG. 26 is a simplified diagram of a wide-beam touch screen,

showing an intensity distribution of a light signal, in accordance with an

embodiment of the present invention;

[0043] FIG.27 is a simplified diagram of a wide-beam touch screen,

showing intensity distributions of overlapping light signals from two

emitters, in accordance with an embodiment of the present invention;

[0044Ì FIG. 28 is a simplified diagram of a wide-beam touch screen,

showing intensity distributions of two sets of overlapping light signals

from one emitter, in accordance with an embodiment of the present

invention;

[0045] FIG. 29 is a simplified diagram of a wide beam touch screen

with emitter and receiver lenses that do not have micro-lens patterns, in

accordance with an embodiment of the present invention;

[00461 FIGS. 3O and 31 are simplified diagrams of a wide-beam touch

screen with emitter and receiver lenses that have micro-lens patterns, in

accordance with an embodiment of the present invention;

[0047Ì FIG. 32 is a simplified diagram of a wide-beam touch screen

with emitter and receiver lenses that do not have micro-lens patterns, in

accordance with an embodiment of the present invention;
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t00481 FIG, 33 is a simplified diagram of a wide beam touch screen,

with emitter and receiver lenses that have micro-lens patterns, in

accordance with an embodiment of the present invention;

t00491 FIG. 34 is a simplified diagram of two emitters with lenses that

have micro-lens patterns integrated therein, in accordance with an

embodiment of the present invention;

t00501 FIG. 35 is a simplified diagram of two receivers with lenses that

have micro-lens patterns integrated therein, in accordance with an

embodiment of the present invention;

t00511 FIG. 36 is a simplified diagram of a side view of a single-unit

light guide, in the context of an electronic device with a display and an

outer casing, in accordance with an embodiment of the present invention;

t00521 FIG. 37 is a simplified diagram of side views, from two different

angles, of a lens with applied feather patterns on a surface, in accordance

with an embodiment of the present invention;

t00531 FIG. 38 is a simplified diagram of a portion of a wide-beam

touch screen, in accordance with an embodiment of the present

invention;

t00541 FIG. 39 is a top view of a simplified diagram of light beams

entering and exiting micro-lenses etched on a lens, in accordance with an

embodiment of the present invention;

t00551 FIG. 40 is a simplified díagram of a side view of a dual-unit light

guide, in the context of a device having a display and an outer casing, in

accordance with an embodiment of the present invention;

t00561 FIG. 41 is a picture of light guide units, within the context of a

device having a PCB and an outer casing, in accordance with an

embodiment of the present invention;

[0057] FIG. 42 is a top view of the light guide units of FIG. 41, in

accordance with an embodiment of the present invention;

- 10-



t005Sl FIG. 43 is a simplified diagram of a side view cutaway of a light

guide within an electronic device, in accordance with an embodiment of

the present invention;

t00591 FIG. 44 is a simplified diagram of a side view cutaway of a

portion of an electronic device and an upper portion of a light guide with

at least two active surfaces for folding light beams, in accordance with an

embodiment of the present invention;

t00601 FIG. 45 is a simplified drawing of a section of a transparent

optical touch light guide, formed as an integral part of a protective glass

covering a display, in accordance with an embodiment of the present

invention;

t00611 FIG. 46 is a simplified illustration of the electronic device and

light guide of FIG. 44, adapted to conceal the edge of the screen, in

accordance with an embodiment of the present invention;

t0062ì FIG.47 is a simplified diagram of a light guide that is a single

unit extending from opposite an emitter to above a display, in accordance

with an embodiment of the present invention;

t00631 FIG. 48 is a simplified diagram of a dual-unit light guide, in

accordance with an embodiment of the present invention;

t00641 FIG. 49 is a simplified diagram of a touch screen device held by

a user, in accordance with an embodiment of the present invention;

t00651 FIG. 50 is a simplified diagram of a touch screen with wide light

beams covering the screen, in accordance with an embodiment of the

present invention;

t00661 FIGS.51 - 53 are respective simplified side, top and bottom

views of a light guide in the context of a device, in accordance with an

embodiment of the present invention;

-11-



t00671 FIG. 54 is a simplified illustration of a touch screen surrounded

by emitters and receivers, in accordance with an embodiment of the

present invention;

t006Sl FIG. 55 is a simplified illustration of an optical element with an

undulating angular pattern of reflective facets, shown from three angles,

in accordance with an embodiment of the present invention;

t00691 FIG, 56 is a simplified illustration of an optical element

reflecting, collimating and interleaving light from two neighboring

emitters, in accordance with an embodiment of the present invention;

t00701 FIG. 57 is a simplified diagram of a multi-faceted optical

element, in accordance with an embodiment of the present invention;

t007ll FIG. 58 is a simplified graph showing the effect of various

reflective facet parameters on light distribution for nine facets, in

accordance with an embodiment of the present invention;

100721 FIG. 59 is a simplified illustration of a touch screen with a wide

light beam crossing the screen, in accordance with an embodiment of the

present invention;

t00731 FIG. 60 is a simplified illustration of a touch screen with two

wide light beams crossing the screen, in accordance with an embodiment

of the present invention;

100741 FIG. 61 is a simplified illustration of a touch screen with three

wide light beams crossing the screen, in accordance with an embodiment

of the present invention;

t007sl FIGS. 62 is a simplified graph of light distribution of a wide

beam in a touch screen, in accordance with an embodiment of the

present invention;

100761 FIG. 63 is a simplified illustration of detection signals from three

wide beams as a fingertip moves across a screen, in accordance with an

embodiment of the present invention;
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t00771 FIGS. 64 - 66 are simplified graphs of light distribution in

overlapping wide beams in a touch screen, in accordance with an

embodiment of the present invention;

t007Sl FIG. 67 is a simplified graph of detection signals from a wide

beam as a fingertip moves across a screen at three different locations, in

accordance with an embodiment of the present invention;

100791 FIG. 68 is a simplified diagram of four optical elements and four

neighboring emitters, in accordance with an embodiment of the present

invention;

t00S0l FIG. 69 is a simplified diagram of a diffractive surface that

directs beams from two emitters along a common path, in accordance

with an embodiment of the present invention;

t00SU FIG. 70 is a simplified diagram of a touch screen surrounded

with alternating emitters and receivers, in accordance with an

embodiment of the present invention;

t00S2l FIG. 71 is a simplified illustration of a touch screen surrounded

with alternating emitters and receivers, and a wide beam crossing the

screen, in accordance with an embodiment of the present invention;

t00S3l FIG.72 is a simplified illustration of a touch screen surrounded

with alternating emitters and receivers and two wide beams crossing the

screen, in accordance with an embodiment of the present invention;

t00S4l FIG. 73 is a simplified illustration of a touch screen surrounded

with alternating emitters and receivers and three wide beams crossing

the screen, in accordance with an embodiment of the present invention;

t00S5l FTG.74 is a simplified illustration of a collimating optical

element reflecting and interleaving light for an emitter and a neighboring

receiver, in accordance with an embodiment of the present invention;
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t008ól FIGS. 75 - 78 are illustrations of multi-touch locations that are

ambiguous vis-à-vis a first orientation of light emitters, in accordance

with an embodiment of the present invention;

t00s7l FIGS. 79 - 81 are illustrations of the multi-touch locations of

FIGS. 75 - 77 that are unambiguous vis-à-vis a second orientation of

light emitters, in accordance with an embodiment of the present

invention;

t00saì FIG. 82 is a simplified illustration of a touch screen with light

beams directed along four axes, in accordance wíth an embodiment of the

present invention;

t00891 FIG. 83 is a simplified illustration of an alternate configuration

of light emitters and light receivers with two grid orientations, in

accordance with an embodiment of the present invention;

t00901 FIG. 84 is a simplified illustration of a configuration of

alternating light emitters and light receivers, in accordance with an

embodiment of the present invention;

t009U FIG. 85 is a simplified illustration of two wide light beams from

an emitter being detected by two receivers, in accordance with an

embodiment of the present invention;

t00921 FIG. 86 is a simplified illustration of two wide beams and an

area of overlap between them, in accordance with an embodiment of the

present invention;

t00931 FIG, 87 is a simplified illustration of a touch point situated at

the edges of detecting light beams, in accordance with an embodiment of

the present invention;

t0094ì FIG. 88 is a simplified illustration of an emitter along one edge

of a display screen that directs light to receivers along two edges of the

display screen, in accordance with an embodiment of the present

invention;
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t00951 FIGS. 89 and 9O are simplified illustrations of a lens for

refracting light in three directions, having a lens surface with a repetitive

pattern of substantially planar two-sided and three-sided recessed

cavities, respectively, in accordance with embodiments of the present

invention;

t00961 FIGS.91 - 93 are simplified illustrations of a touch screen

surrounded with alternating emitters and receivers and diagonal wide

beams crossing the screen, in accordance with an embodiment of the

present invention;

t00971 FIG, 94 is a simplified graph of light distribution across a

diagonal wide beam in a touch screen, in accordance with an embodiment

of the present invention;

t00981 FIG. 95 is a simplified graph of light distrîbution across three

overlapping diagonal wide beams in a touch screen, in accordance with an

embodiment of the present invention;

t00991 FIG. 96 is a simplified graph of touch detection as a finger

glides across three overlapping diagonal wide beams in a touch screen, in

accordance with an embodiment of the present invention;

t001001 FIG. 97 is a simplified graph of detection signals from a diagonal

wide beam as a fingertip moves across the screen at three different

locations, in accordance with an embodiment of the present invention;

t001011 FIG. 98 is a simplified illustration of a first embodiment for a

touch screen surrounded with alternating emitters and receivers, whereby

diagonal and orthogonal wide beams crossing the screen are detected by

one receiver, in accordance with an embodiment of the present invention;

t001021 FIG. 99 is a simplified illustration of a second embodiment for a

touch screen surrounded with alternating emitters and receivers, whereby

diagonal and orthogonal wide beams crossing the screen are detected by

one receiver, in accordance with an embodiment of the present invention;
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t001031 FIG. 1OO is a simplified illustration of a user writing on a prior

aft touch screen with a stYlus;

t00t04l FIG. 1O1 is a simplified illustration of light beams detecting

location of a stylus when a user'S palm rests on a touch screen, in

accordance with an embodiment of the present invention;

t00t05l FIG, 1O2 is a simplified illustration of a frame surrounding a

touch screen, in accordance with an embodiment of the present

invention;

t00t06l FIG. 1O3 is a simplified illustration of a first embodiment of

emitters, receivers and optical elements for a corner of a touch screen, in

accordance with an embodiment of the present invention;

t00t07l FIG, 1O4 is a simplified illustration of a second embodiment of

emitters, receivers and optical elements for a corner of a touch screen, in

accordance with an embodiment of the present invention;

t00t0Sl FIG. 1O5 is an illustration of optical components made of plastic

material that is transparent to infrared light, in accordance with an

embodiment of the present invention;

t00l09l FIG. 106 is a simplified diagram of a side view of a touch screen

with light guides, in accordance with an embodiment of the present

invention;

t001l0l FIG. 1O7 is an illustration of a touch screen with a block of three

optical components on each side, in accordance with an embodiment of

the present invention;

l00l11l FIG. 108 is a magnified illustration of one of the emitter blocks

of FIG. LO7 , in accordance with an embodiment of the present invention;

t00ll2l FIG. 109 is an illustration of a touch screen having a long thin

light guide along a first edge of the screen, for directing light over the

Screen, and having an array of light receivers arranged along an opposite

edge of the screen for detecting the directed light, and for communicating
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detected light values to a calculating unit, in accordance with an

embodiment of the present invention;

t00l13l FIG. 11O is an illustration of a touch screen having an array of

light emitters along a first edge of the screen for directing light beams

over the screen, and having a long thin light guide for receiving the

directed light beams and for further directing them to light receivers

situated at both ends of the light guide, in accordance with an

embodiment of the present invention;

1001141 FIG. 111 is an illustration of two light emitters, each emitter

coupled to each end of a long thin light guide, in accordance with an

embodiment of the present invention;

t00115ì FIGS. tL2 - 115 are illustrations of a touch screen that detects

occurrence of a hard press, in accordance with an embodiment of the

present invention;

t001161 FIGS. 116 and Lt7 are bar charts showing increase in light

detected, when pressure is applied to a rigidly mounted 7-inch LCD

screen, in accordance with an embodiment of the present invention;

t00t17l FIG. 118 is a simplified diagram of an image sensor positioned

beneath a screen glass display, to capture an image of the underside of

the screen glass and touches made thereon, in accordance with an

embodiment of the present invention;

t001lsl FIG. 119 is a simplified diagram of a display divided into pixels,

and three touch detections, in accordance with an embodiment of the

present invention;

t001l9l FIG. 120 is a simplified diagram of a camera sensor positioned

on a hinge of a laptop computer and pointing at a screen, in accordance

with an embodiment of the present invention;
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[00120] FIG. 121 is a simplified side view diagram showing a camera

viewing a touch area, in accordance with an embodiment of the present

invention;

[0012U FIG. 122 is a simplified top view diagram showing a camera

viewing a touch area, in accordance with an embodiment of the present

invention;

[001221 FIG. 123 is a simplified diagram of a camera viewing a touch

area, and two image axes, an image x-axis and an image y-axis, for

locating a touch pointer based on an image captured by the camera, in

accordance with an embodiment of the present invention;

[00123] FIG. I24 is a simplified diagram of a camera viewing a touch

area, and two screen axes, a screen x-axis and a screen y-axis, for

locating a touch pointed based on an image captured by the camera, in

accordance with an embodiment of the present invention;

[001241 FIGS. 125 and 126 are simplified diagrams of two cameras,

each capturing a touch area from different angles, in accordance with an

embodiment of the present invention;

[00125] FIG. L27 is a simplified diagram of four cameras, each capturing

a touch area from different angles, in accordance with an embodiment of

the present invention;

[00f26] FIG. 128 is a simplified diagram, from a camera viewpoint, of a

camera viewing a complete touch area, in accordance with an

embodiment of the present invention;

[00127] FIG. 129 is a simplified diagram of a portion of a touch area

showing a stylus and a mirror image of the stylus, which are tangent to

one another, in accordance with an embodiment of the present invention;

[001281 FIG. 130 is a simplified diagram showing a stylus and a mirror

image of the stylus, moved closer to the center of a touch area vis-à-vis

FIG. 129, in accordance with an embodiment of the present invention;
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t001291 FIG, 131 is a simplified diagram showing a stylus and a mirror

image of the stylus, moved closer to the bottom of a touch area vis-à-vis

FIG. 129, in accordance with an embodiment of the present invention;

t001301 FIG. 132 is a simplified diagram showing a stylus and a mirror

image of the stylus, separated from one another, in accordance with an

embodiment of the present invention;

t001311 FIG. 133 is a simplified flowchaft of a method for determining a

three-dimensional location of a pointer, in accordance with an

embodiment of the present invention;

t001321 FIG, 134 is a simplified diagram of a touch area that displays

six touch icons, used for determinlng a camera orientation, in accordance

with an embodiment of the present invention;

t001331 FIGS. 135 and 136 are illustrations of opposing rows of emitter

and receiver lenses in a touch screen system, in accordance with an

embodiment of the present invention;

t001341 FIG. 137 is a simplified illustration of a technique for

determining a touch location, by a plurality of emitter-receiver pairs in a

touch screen system, in accordance with an embodiment of the present

invention;

t001351 FIG. 138 is an illustration of a light guide frame for the

configuration of FIGS. 135 and 136, in accordance with an embodiment

of the present invention;

t001361 FIG. 139 is a simplified flowchart of a method for touch

detection for a light-based touch screen, in accordance with an

embodiment of the present invention;

t001371 FIGS. 14O - L42 are illustrations of a rotation gesture, whereby

a user places two fingers on the screen and rotates them around an axis;
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t0013Sl FIGS. L43 - 146 are illustrations of touch events at various

locations on a touch screen, in accordance with an embodiment of the

present invention;

t00t39l FIGS. L47 - 15O are respective bar charts of light saturation

during the touch events illustrated in FIGS. I43 - L46, in accordance

with an embodiment of the present invention;

t001401 FIG, 151 is a simplified flowchart of a method for determining

the locations of simultaneous, diagonally opposed touches, in accordance

with an embodiment of the present invention;

t0014rl FIG. 152 is a simplified flowchart of a method for discriminating

between clockwise and counter-clockwise gestures, in accordance with an

embodiment of the present invention;

l00t42l FIG. 153 is a simplified flowchart of a method of calibration and

touch detection for a light-based touch screen, in accordance with an

embodiment of the present invention;

t001431 FIG. 154 is a picture showing the difference between signals

generated by a touch, and signals generated by a mechanical effect, in

accordance with an embodiment of the present invention;

t001441 FIG. 155 is a simplified diagram of a control circuit for setting

pulse strength when calibrating a light-based touch screen, in accordance

with an embodiment of the present invention;

t001451 FIG. 156 is a plot of calibration pulses for pulse strengths

ranging from a minimum current to a maximum current, for calibrating a

light-based touch Screen in accordance with an embodiment of the

present invention;

t0014ól FIG. 157 is a simplified pulse diagram and a corresponding

output signal graph, for calibrating a light-based touch screen, in

accordance with an embodiment of the present invention;
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t00l47l FIG. 158 is an illustration showing how a capillary effect is used

to increase accuracy of positioning a component, such as an emitter or a

receiver, on a printed circuit board, in accordance with an embodiment of

the present invention;

t00t4Sl FIG. 159 is an illustration showing the printed circuit board of

FIG. 158, after having passed through a heat oven, in accordance with

an embodiment of the present invention;

t00t49l FIG. 160 is a simplified illustration of a light-based touch screen

and an ASIC controller therefor, in accordance with an embodiment of the

present invention;

t001501 FIG. 161 is a circuit diagram of a chip package for a controller

of a light-based touch screen, in accordance with an embodiment of the

present invention;

t0015U FIG. 162 is a circuit diagram for six rows of photo emitters with

4 or 5 photo emitters in each row, for connection to the chip package of

FIG. 161, in accordance with an embodiment of the present invention;

t00l52l FIG. 163 is a simplified illustration of a touch screen surrounded

by emitters and receivers, in accordance with an embodiment of the

present invention;

t00t53l FIG. 164 is a simplified application diagram illustrating a touch

screen configured with two controllers, in accordance with an

embodiment of the present invention;

t001541 FIG. 165 is a graph showing performance of a scan sequence

using a conventional chip vs. performance of a scan using a dedicated

controller of the present invention;

t001551 FIG, 166 is a simplified illustration of a touch screen having a

shift-aligned arrangement of emitters and receivers, in accordance with

an embodiment of the present invention; and
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t001561 FIG. 167 is a simplified diagram of a touch screen havíng

alternating em¡tters and rece¡vers along each screen edge, in accordance

with an embodiment of the present invention.

t001571 For reference to the figures, the following index of elements and

their numerals is provided. Elements numbered in the 100's generally

relate to light beams, elements numbered in the 2OO's generally relate to

light sources, elements numbered in the 3OO's generally relate to light

receivers, elements numbered in the 4OO's and SOO's generally relate to

light guides, elements numbered in the 6OO's generally relate to displays,

elements numbered in the 7OO's generally relate to circuit elements,

elements numbered in the 8OO's generally relate to electronic devices,

and elements numbered in the 9OO's generally relate to user interfaces.

Elements numbered in the 1O0O's are operations of flow charts.

l0015Sl Similarly numbered elements represent elements of the same

type, but they need not be identical elements'
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Elements generally related to light beams

Element Description Element Description
100 - 102 Liqht beams r7f) - L72 Siqnals received bv liqht receivers
105, 106 Reflected liqht beam L73 Beam from 1 emitter to 2 receivers
107 - 109 Arc of lioht outout from liqht source t74 Beam from 1 emitter to 1't receiver
110 Dist between centers of two beams L75 Beam from 1 emitter to 2no receiver
111 Dist from emitter/rcvr to opt element 176 Beam from emitter to 1"t receiver
rt2 Refracted beam L77 Beam from emitter to 2nd receiver
It3 - tl7 Blocked lioht beams 178 Beam from 1 emitter to l't receiver
142 Arc of liqht output from liqht source L79 Beam from 1 emitter to 2nd receiver
143 Arc of liqht input to liqht receiver 182 Beam from 1 emitter to 2 receivers
t44 Wide liqht beams 183 - 187 Middle of arc of liqht
145 - 148 Edoe of wide liqht beam 190 Liqht beams output from liqht source
151 - 154 Liqht beams 191 Liqht beams input to liqht receiver
158 Wide liqht beam 192 Arcs of liqht
167 - t69 Wide lioht beam 193 Wide liqht beam from two sources

Elements generally related to l¡ght sou rces

Element Description Element Descriotion
20f) - 213 Lioht emitters 230 Com bined em itter-receiver elements
220 LED cavity 235 - 24L Liqht emitters

Elements generally related to l¡ght recervers

Element Description Element Description
300 - 319 Liqht receivers 398 Liqht receiver / liqht emitter
394 Liqht receiver
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Eleme ral related to I idest
DescriptionElementDescriptionElement

484 Surface with fan of mic lenses400 Lens
rtion of I ht iderU485Fiber optic liqht quides40t,402

Lower portion of liqht quide486Raised reflector bezel407
447 Surface with parallel row micro-þlqqs408 Cutout

Optical comÞonent488, 489Reflector & lens437,438
490 - 492 cal comof439 - 443 Lens

Multi sufface493Micro-lenses444
494 - 497 ento com445 rface with fan of micro-lensesSu

uideht498,499Lioht quide450
Emitter ootical comoonent block500 - 50145L,452 reflective surfaa

so2 - 503 Receiver optical component block 

-

Liqht quide sutface453,454
Emitter lenses504455 Liqht quide

505 Receiver lenses4s6 Internallv reflective surface
Em itter ootical com Þonentso6, so7Collimatinq lens & reflective surface457

so8 - 510 Receiver optical component458 Micro-lenses
Em itter optical com Þonents511Lioht ouide sufface459

512 Receiver optical com Ponents460 Surface with fan of micro-lenses
Ootical comoonent / temporarY guide513Lens46L

5t4 Lonq thin liqht quide462 Micro-lenses
Liqht quide reflector515Upper oortion of liqht quide463
Micro-lenses5r6464 nofl ht u
Liqht scatterer strip5L7Lioht ouide surface465
Lioht quides518, 519Surface with parallel row micro-lenses466

s20. 521 Protrudinq lips on liqht quides467 Parallel row pattern of micro-lenses
Relative position of liqht quide element522,523Lioht ouide468

524 Clear, flat qlass469,470 Internally reflective surface
Collimatinq lens525Lioht quide surface47L
Clear flat olass with micro-lens suface526472 ht ide
Lens with pattern of refractinq sufaces527Internal lv reflecttve surface473

528 Micro-lens rn474 Liqht quide sufface
s30 - 534 el t with multi-faceted475 Focal line of a lens

Ootical element surface541Lioht ouide476
s42 Multi-faceted reflective surface477 Internallv reflective surface

Reflective facets545 - 549Liqht quide sulface478
550 - 552 Lens section in multi-lens assembly479 Liqht quide

Air qaps55, 556Internallv reflective surface480
5s9 lens sectionConnector tnln48r Liqht quide suface

Diffractive suface560Black plastic transmissive element482
483 Liqht quide

Elements eral related to d
DescriptionElementDescriptionElement

639 Davliqht filter sheet600 Screen qlass
Protective qlass640LCD displav (prior aft)606

641 Davliqht filter sheet607 Screen qlass (prior art)
Displav642,643Disolav63s - 637

645 Reflection on display qlass638 Protective qlass
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Elements generally related to circuit elements

Element Descriotion Element Description
700 Printed circuit board 756 Analoq -to-d iq ital convertor
70r Controller inteqrated circuit (pr, art) 759 Controller circuitry
702 AC input siqnal (orior art) 760,761 Electrical oad

7fJ3 Output siqnal (prior art) 762,763 Printed circuit board
720 Shift reoister for column activation 764 Guide oin
730. Shift reqister for column activation 765 Solder pad

731 Chio oackaoe 766 Comoonent solder pad

732,733 Siqnal conductinq pins 767 Solder pads after heat oven

736 Inout/outout pins 768,769 Notch in optical component / quide

737 Chip select pin 770 Calculatino unit
740 Emitter driver circuitry 771 Clip-on fastener
742 Emitter pulse control circuitry 772 Host processor

75f) Detector driver circuitry 774 Touch screen controller
753 Detector sional orocessinq circuitrv 775 Serial Perioheral Interface (SPI)

755 Detector current filter

Elements generally related to touch-based electronic devices

Element Description Element DescriÞtion
800 Touch screen 814 Electrode (prior art)
801 Touch overlav (prior aft) 815 Etched ITO layers (prior art)
802 Conductive & resistive lavers (pr. art) 816, 817 Hard coat laver (prior art)
803 PET film (orior aft) 818 x-axis electrode pattern (prior aft)
804 Top circuit layer (prior art) 819 v-axis electrode pattern (prior art)
80s Bottom circuit layer (prior art) 820 ITO qlass (prior art)
806,807 Conductive coatino (orior art) 826 Electronic device
808 SÞacer dot (prior art) 827 - A32 Device casing
809 Touch sufface (prior art) 8,41,842 Resilient members
810 Coated qlass substrate (prior art) 843 Flex air oao
811 Glass substrate (prior art) 8.44 - 8,47 Imaqe sensors
812 Conductive ITO coatinq (prior art) 448 Laotop comDuter
813 Silicon dioxide hard coatinq (prior art) 849 Screen frame

Elements generally related to user interfaces

Element Description Element Descr¡Dt¡on
900 - 903 Pointer /finqer / thumb / stylus 971,972 Touch points

90s - 908 Detected touch area 973 - 976 Lioht siqnal attenuation area
910 - 912 Liqht siqnal attenuation area 977 Point on lens

920,92t Lioht siqnal attenuation qradient 980 Touch point

925 - 927 Path across a wide beam 981, 982 Point on lens
930 Hand 989, 990 Pin

931 Stvlus 991 - 993 Active touch area
932 Drawn line 996 - 999 Mid-line between pointer and reflection
96s - 970 Touch icons
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DETAILED DESCRIPTION

t001591 Aspects of the present invention relate to light-based touch

screens.

t001601 For clarity of exposition, throughout the present specification the

term "touch screen" is used as a generic term to refer to touch sensitive

surfaces that may or may not include an electronic display. As such, the

term "touch screen" as used herein includes inter alia a mouse touchpad

as included in many laptop computers, and the cover of a handheld

electronic deviCe. The term "optical touch Screen" is used as a generic

term to refer to light-based touch screens, including inter alia screens

that detect a touch based on the difference between an expected light

intensity and a detected light intensity, where the detected light intensity

may be greater than or less than the expected light intensity. The term

"Sçreen glaSS" iS uSed aS a generiC term tO refer to a transparent Screen

su¡face. The screen may be constructed inter alia from glass, or from a

non-glass material including inter alia crystal, acrylic and plastic. In

Some embodiments of the present invention, the Screen allows near-

infrared light to pass through, but is otherwise non-transparent.

t0016U For clarity of exposition, throughout the present specification,

the term "emitter" is used aS a generic term to refer to a light emitting

element, including inter alia a light-emitting diode (LED), and the output

end of a fiber optic or tubular light guide that outputs light into a lens or

reflector that directs the light over a display surface. The term "receiver"

is used as a generic term to refer to a light detecting element, including

inter alia a photo diode (PD), and the input end of a fiber optic or tubular

light guide that receives light beams that traversed a display surface and

directs them to a light detecting element or to an image sensor, the

image sensor being inter alia a charge coupled device (CCD) or a

complementary metal oxide semiconductor (CMOS) image sensor'
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t00t62l Reference is made to FIG. 5, which is an illustration of a portion

of a touch screen including a plurality of emitters 2O1 - 2O3 that are

positioned close together, wherein light is guided by fiber optic light

guides 4O1 to locations along a first screen edge, in accordance with an

embodiment of the present invention. The portion of the touch screen

also includes a plurality of receivers 301 - 3O5 that are positioned close

together, wherein light is guided thereto by fiber optic light guides 4O2

from locations along a second screen edge'

t001631 According to embodiments of the present invention, a light-

based touch screen includes one or more emitters, including inter alia

infra-red or near infra-red light-emitting diodes (LEDs), and a plurality of

receivers, including inter alia photo diodes (PDs), arranged along the

perimeter surrounding the touch screen or touch surface. The emitters

project light substantially parallel to the screen surface, and this light is

detected by the receivers. A pointer, such as a finger or a stylus, placed

over a portion of the Screen blocks some of the light beams, and

correspondingly some of the receivers detect less light intensity. The

geometry of the locations of the receivers, and the light intensities they

detect, suffice to determine screen coordinates of the pointer. The

emitters and receivers are controlled for selective activation and de-

activation by a controller. Generally, each emitter and receiver has I/O

connectors, and signals are transmitted to specify which emitters and

which receivers are activated.

t00t64l In an embodiment of the present invention, plural emitters are

arranged along two adjacent sides of a rectangular Screen, and plural

receivers are arranged along the other two adjacent sides. In this

regard, reference is now made to FIG, 6, which is a diagram of a touch

screen 8OO having 16 emitters 2OO and 16 receivers 3OO, in accordance

with an embodiment of the present invention, Emitters 2OO emit infra-
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red or near ¡nfra-red light beams across the top of the touch Screen,

which are detected by corresponding receivers 3OO that are directly

opposite respective emitters 2OO, When a po¡nter touches touch screen

8OO, it blocks light from reaching some of receivers 3OO. By identifYing,

from the receiver outputs, which light beams have been blocked by the

pointer, the pointer's location can be determined.

1001651 Light-based touch screens do not place a physical layer over a

display, and this provides a user experience that is advantageous over

that of conventional capacitive and resistive touch screens. When writing

with a stylus on a conventional capacitive and resistive touch screen

overlay, the stylus is removed from the display surface, which produces a

parallax effect. In distinction, when writing with a stylus on a light-based

touch Screen, which has no overlay and no protective glass, the stylus is

in contact with the writing surface, which produces a natural writing

effect.

t001661 Reference is now made to FIGS. 7 - 9, which are diagrams of

touch screen 80O of FIG. 6, showing detection of two pointers, 9O1 and

gO2, that touch the Screen simultaneously, in accordance with an

embodiment of the present invention. When two or more pointers touch

the screen simultaneously, this is referred to as a "multi-touch," Pointers

9O1 and gO2, which are touching the screen, block light from reaching

Some of receivers 3OO. In accordance with an embodiment of the

present invention, the locations of pointers 9O1 and 902 are determined

from the crossed lines of the infra-red beams that the pointers block. In

distinction, prior art resistance-based and capacitance-based touch

screens are generally unable to detect a multi-touch.

t001671 When two or more pointers touch screen 8OO simultaneously

along a common horizontal or vertical axis, the positions of the pointers

are determined by the receivers 30O that are blocked. Pointers 9O1 and
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9O2 in FIG. 7 are aligned along a common vertical axis and block

substantially the same receivers 3OO along the bottom edge of touch

Screen 8OO; namely the receivers marked a, b, c and d. Along the left

edge of touch screen 80O, two different sets of receivers 3OO are

blocked. Pointer 9O1 blocks the receivers marked e and f, and pointer

9O2 blocks the receivers marked g and h. The two pointers are thus

determined to be situated at two locations. Pointer 9O1 has screen

coordinates located at the intersection of the light beams blocked from

receivers a - d and receivers e and f; and pointer 9O2 has screen

coordinates located at the intersection of the light beams blocked from

receivers a - d and receivers I and h.

t001681 Pointers 9O1 and 9O2 shown in FIGS. 8 and 9 are not aligned

along a common horizontal or vertical axis, and they have different

horizontal locations and different vertical locations. From the blocked

receivers ô - h, it is determined that pointers 9O1 and 902 are

diagonally oppos¡te one another. They are either respectively touching

the top right and bottom left of touch screen 8OO, as illustrated in FIG'

8; or else respectively touching the bottom right and top Ieft of touch

screen 8OO, as illustrated in FIG. 9.

t001691 Discriminating between FIG, 8 and FIG. 9 is resolved by either

(i) associating the same meaning to both touch patterns, or (ii) by

associating meaning to only one of the two touch patterns. In case (i),

the UI arranges its icons, or is otherwise configured, such that the effects

of both touch patterns FIG. I and FIG. 9 are the same. For example,

touching any two diagonally opposite corners of touch screen 8OO

operates to unlock the screen.

t00l70l In case (ii), the UI arranges its icons, or is otherwise configured,

such that only one of the touch patterns FIG. I and FIG. t has a

meaning associated therewith. For example, touching the upper right
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and lower left corners of touch screen 8OO operates to unlock the screen,

and touch the lower right and upper left of touch screen 8OO has no

meaning associated therewith. In this case, the UI discriminates that

FIG. I is the correct touch pattern.

t00171ì Determining locations of a diagonally oriented multi-touch is

described further hereinbelow with reference to shift-aligned

arrangements of emitters and receivers, and with reference to light

beams directed along four axes, An additional method of resolving

ambiguous multi-touches is described with reference to fast scan

frequencies enabled by the ASIC controller discussed hereinbelow.

f00l72l Reference is now made to FIGS. 1O and 11, which are diagrams

of a touch screen 8O0 that detects a two finger glide movement, in

accordance with an embodiment of the present invention. The glide

movement illustrated in FIGS. 1O and 11 is a diagonal glide that brings

pointers 9O1 and 9O2 closer together. The direction of the glide is

determined from changes in which receivers 3OO are blocked. As shown

in FIGS. 1O and 11, blocked receivers are changing from a and b to

receivers 3OO more to the right, and from c and d to receivers 3OO more

to the left. Similarly, blocked receivers are changing from e and f to

receivers 3OO more to the bottom, and from g and h to receivers 3O0

more to the top. For a glide in the opposite direction, that moves

pointers 9O1 and 9O2 farther apart, the blocked receivers change in the

opposite directions.

t00l73l When pointers 9O1 and 902 are aligned in a common vertical or

horizontal axis, there is no ambiguity in identifying glide patterns. When

pointers 9O1 and 9O2 are not aligned in a common vertical or horizontal

axis, there may be ambiguity in identifying glide patterns, as illustrated in

FIGS. 10 and 11. In case of such ambiguity, and as described

hereinabove with reference to FIGS. I and 9, discriminating between
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FIG. 1O and FIG. 11 is resolved by either (¡) by associating the same

meaning to both glide patterns, or (ii) by associating meaning to only one

of the two glide patterns.

t001741 Associating the same meaning to both glide patterns may be

performed in a pinch zoom gesture, whereby a user places two fingers on

the screen and spreads the fingers apart along a diagonal of the screen.

Such a gesture activates a zoom-in operation, for increasing the

magnification of graphics displayed on the screen. Such a gesture has

the same meaning irrespective of whether the pinch zoom is performed

along a top-left to bottom-right diagonal, or along a top-right to bottom-

left diagonal.

t001751 Similar considerations apply to a zoom-out gesture, whereby a

user places two fingers on the Screen and brings the fingers closer

together along a diagonal of the screen, for decreasing the magnification

of graphics displayed on the screen, This gesture, too, has the same

meaning irrespective of along which diagonal of the screen the gesture is

performed.

t00l76l Reference is made to FIG. 12, which is a circuit diagram of

touch screen 8OO from FIG. 6, in accordance with an embodiment of the

present invention, The emitters and receivers are controlled by a

controller (not shown). The emitters receive respective signals LED00 -
LED15 from switches A, and receive current from VROW and VCOL

through current limiters B. The receivers receive respective signals PD00

- PD15 from shift register 73O. Receiver output is sent to the controller

via signals PDROW and PDCOL. Operation of the controller, of switches A

and of current limiters B is described in applicant's co-pending

application, U.S. Application Serial No. 12/371,609 filed on February t5,

2009 and entitled LIGHT-BASED TOUCH SCREEN, the contents of which

are hereby incorporated by reference.
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t001771 According to an embodiment of the present invention, the

emitters are controlled via a first serial interface, which transmits a binary

string to a shift register 720. Each bit of the binary string corresponds

to one of the emitters, and indicates whether to activate or deactivate the

corresponding emitter, where a bit value "1" indicates activation and a bit

value "0" indicates deactivation. Successive emitters are activated and

deactivated by shifting the bit string within shift register 72O.

t0017Sl Similarly, the receivers are controlled by a second serial

interface, which transmits a binary string to a shift register 73O'

Successive receivers are activated and deactivated by shifting the bit

string in shift register 73O. Operation of shift registers 72O and 73O is

described in applicant's co-pending application, U.S. Application Serial No.

L2/37I,609 filed on February 15, 2009 and entitled LIGHT-BASED TOUCH

SCREEN, the contents of which are hereby incorporated by reference.

1001?91 Reference is made to FIG. 13, which is a simplified diagram of a

light-based touch screen system, in accordance with an embodiment of

the present invention. The touch screen of FIG. 13 does not require an

overlay. Instead, a small infrared transparent frame 4O7 surrounds the

display to reflect beams between emitters 2OO and receivers positioned

on opposite sides of the Screen. When a pointer, such as a finger or a

stylus, touches the screen in a specific area 9O5, one or more light

beams generated by emitters 2OO are obstructed, The obstructed light

beams are detected by corresponding decreases in light received by one

or more of the receivers, which is used to determine the location of the

pointer.

t00lS0l Reference is made to FIG. 14, which is a simplified cross-

sectional diagram of the touch Screen system of FIG. 13, in accordance

with an embodiment of the present invention. Shown in FIG. 14 is a

cross-sectional view of a section A-A of an LCD display 6OO and its
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surrounding infrared transparent frame 4O7. The cross-sectional view

shows an emitter 2OO emitting light 1OO that is reflected by a cut-out

4OB in frame 4O7, and directed substantially parallel over the display

surface, As a finger 9OO approaches near the display surface, some of

the light, 1O1, emitted by the emitters and directed over the location of

the near touch is blocked by the finger, and some of the light, LOz,

passes between the fingertip and the screen glass. When finger 9OO

touches the display surface, all of the light emitted by the emitters and

directed over the touch location is blocked by finger 900.

Touch Screen System Configuration No. 1

t00tS1ì Reference is made to FIG. 15, which is a simplified illustration of

an arrangement of emitters, receivers and optical elements that enable a

touch screen system to read pointers that are smaller than the sensor

elements, in accordance with an embodiment of the present invention.

Shown in FIG. 15 are a mirror or optical lens 4OO, an emitter 2OO, a

wide reflected light beam 1O5, a pointer 9OO and a receiver 3OO' Mirror

or optical lens 4OO generates a wide light beam that is focused onto

receiver 3OO by a second mirror or optical lens. The wide beam makes it

possible to sense an analog change in the amount of light detected at

receiver 3OO when a pointer blocks a portion of the wide beam' Thus,

pointer 9OO in FIG. 15 blocks only a portion of wide beam 105. The

wide beam also enables mounting the emitters far apart from one

another, and mounting the receivers far apart from one another.

Consequently, this reduces the bill of materials by requiring fewer

emitters and fewer receivers.

l00lS2J Reference is made to FIG. 16, which is a simplified illustration of

an arrangement of emitters, receivers and optical elements that enable a

touch screen system to detect a pointer that is smaller than the sensor
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elements, including inter alia a stylus, in accordance with an embodiment

of the present invention. Shown in FIG. 16 are a mirror or optical lens

4OO, an emitter 2OO, a wide reflected light beam, 1O5, a pointer 9OO

and a receiver 3OO. Mirror or optical lens 4OO generates a wide light

beam that is focused onto receiver 3OO by a second mirror or optical

lens. The wide beam enables sensing of an analog change in the amount

of light detected at receiver 3OO when a pointer 9OO blocks a portion of

the wide beam, in particular, when pointer 9OO is placed in front of

mirror or lens 4OO, Pointer 9OO, as shown in FIG. 16, blocks only a

portion of wide beam 105, indicated by beam 1O6 being blocked by the

tip of pointer 9OO. The wide beam also enables mounting emitters far

apart from one another, and mounting receivers far apaft from one

another. In turn, this reduces the bill of materials by requiring fewer

emitters and fewer receivers.

t001S3l Without the wide beam, there are generally spaces between

beams that go undetected, making it impossible to distinguish between a

user dragging a fine-point stylus across the beams, and the user tapping

on different beams with a fine-point stylus. Moreover, with widely spaced

narrow beams the pointer touch must be very precise in order to cross a

narrow beam.

t001841 Reference is made to FIG. 17, which is a simplified diagram of a

touch screen with wide light beams covering the screen, in accordance

with an embodiment of the present invention. Touch screen systems

using wide beams are described in applicant's provisional patent

application, U.S. Application Serial No.61/317,255 filed on March24,

2OLO and entitled OPTICAL TOUCH SCREEN WITH WIDE BEAM

TRANSMITTERS AND RECEIVERS, thc CONICNIS Of WhiCh ATC hCTCbY

incorporated by reference.
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t001S5l The emitters and receivers shown in FIG. t7 are spaced

relatively widely apart, Generally, the emitters are not activated

simultaneously. Instead, they are activated one after another, and the

coverage areas of their light beams are substantially connected,

t001861 FIG, 17 shows a top view and a s¡de view of a touch system

having a touch screen or touch surface 8OO. The touch system provides

touch-sensitive functionality to a surface irrespective of whether or not

the surface includes a display screen. Moreover, a physical surface is not

required; the light beams may be projected though the air, and the

location of a pointer in mid-air that breaks the light beams may be

detected.

t001S7l Also shown in FIG. L7 are emitters 2OO, reflectors 437 and

438, and receivers 3OO coupled with a calculating unit 77O. Emitters

2OO and receivers 3OO are positioned beneath screen 8OO. Emitters

2OO project arcs L42 of light under screen 8OO onto reflectors 437. The

distance between emitters 2OO and reflectors 437 is sufficient for an arc

to spread into a wide beam at a refleclor 437. In various embodiments

of the present invention, the distance between emitters 2OO and

reflectors 437 may be approximately 4 mm, 10 mm, 20 mm or greater,

depending on factors including inter alia the widths of the wide beams,

the required touch resolution, the emitter characteristics and the optical

refl ector cha racte ri sti cs.

t001S8l Reflectors 437 collimate the light as wide beams I44 across a

swath of screen surface. A wide beam L44 reaches a reflector 438,

which (i) redirects the light beam below screen 8O0, and (ii) narrows the

wide beam t44into an arc t43. As such, wide beam L44 converges

onto the surface of one of receivers 3OO below the surface of screen 800

The light intensity detected by each of receivers 3OO is communicated to

calculating unit 77O.
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t00rS9l The configuration of FIG. t7 is of advantage in that the wide

light beams cover the entire Screen surface, thereby enabling touch

sensitive functionality anywhere on the screen. Additionally, the cost of

materials for the touch screen is reduced, since relatively few emitter and

receiver components are required.

Touch Screen System Configuration No. 2

t001901 Configurations 2 - 5 use multiple emitter-receiver pairs to

precisely identify a touch position, In some of the configurations

described hereinabove there are opposing rows of emitters and receivers,

each emitter being opposite a respective receiver. In configurations 2

and 3 the emitters are shift-aligned with the receivers. For example,

each emitter may be positioned opposite a midpoint between two

opposing receivers. Alternatively, each emitter may be off-axis aligned

with an opposite receiver, but not opposite the midpoint between two

receivers.

t001911 Embodiments of the present invention employ two types of

collimating lenses; namely, (i) conventional collimating lenses, and (ii)

collimating lenses coupled with a surface of micro-lenses that refract light

to form multiple wide divergent beams. When a light source is positioned

at the focus of a conventional collimating lens, the lens outputs light in

substantially parallel beams, as illustrated inter alia in FIGS. 15 - t7 '

When a light source is positioned between a conventional collimating lens

and its focus, the lens outputs a wide beam, the outer edges of which are

not parallel to each other, as illustrated inter alia in FIGS. 23 - 26-

t001921 Reference is made to FIG. 18, which is a simplified illustration of

a collimating lens in cooperation with a light emitter, in accordance with

an embodiment of the present invention. Shown in FIG. 18 is (A) a light
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emitter 2OO transmitting light beams 19O through a flat clear glass 524'

Beams 19O are unaltered by the glass.

t001931 Also shown in FIG. 18 is (B) an emitter positioned at the focus

of a collimating lens 525. Beams 190 are collimated by lens 525.

t001941 Also shown in FIG. 18 is (C) an emitter 20O positioned between

collimating lens 525 and the lens'focus. Beams 19O are partially

collimated by lens 525; i.e., the output wide beams are not completely

parallel.

t00t95l Reference is made to FIG. 19, which is a simplified illustration of

a collimating lens in cooperation with a light receiver, in accordance with

an embodiment of the present invention. Shown in FIG. 19 is (A)

substantially parallel light beams 191 transmitted through a flat clear

glass 524. Beams 191 are unaltered by the glass.

t00l96l Also shown in FIG. 19 is (B) a receiver 3OO positioned at the

focus of collimating lens 525. Beams 191 are refracted onto receiver

3OO by collimating lens 525.

t00197ì Also shown in FIG. 19 is (C) a receiver 30O positioned between

collimating lens 525 and the lens'focus, Beams 191 are collimated by

lens 525, but because receiver 3OO is not at the lens focus, the beams

do not converge thereon.

t00l98l Collimating lenses coupled with an outer surface of micro-lenses,

which face away from emitters or receivers, transmit light in two stages.

As light passes through the bodies of the lenses, light beams are

collimated as with conventional collimating lenses. However, as the light

passes through the surface of micro-lenses, the light is refracted into

multiple wide divergent beams, as illustrated inter alia in FIGS. 30, 31

and 33 - 35. In FIGS. 34 and 35, collimating lenses 439 and 44O are

shown having micro-lens surfaces 444. In FIG. 34, light emitters 2O1

and 2O2 are positioned within the focal distance of collimating lenses 439
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and 44O, and wide light beams from the emitters are shown entering

lenses 439 and 44O. Light is collimated as it passes through the lens, as

with conventional collimating lenses, When the collimated light passes

through micro-lens surface 444, it is refracted into multiple wide

divergent beams, three of which are illustrated in FIG. 34. In FIG. 35,

light receivers 301 and 302 are positioned within the focal distance of

the collimating lenses, and light beams are shown entering lenses 439

and 44O through micro-lens suface 444. The incoming beams are

refracted into wide divergent beams inside the lens bodies. The refracted

beams are directed by the collimating portions of lenses 439 and 44O,

which concentrate the beams onto light receivers 3O1 and 302.

t001991 Reference is made to FIG. 2O, which is a simplified illustration of

a collimating lens having a sulface of micro-lenses facing an emitter, in

accordance with an embodiment of the present invention. FIG. 2O shows

(A) a flat glass 526 having micro-lenses etched on a surface facing an

emitter 2OO. Light beams 19O enter glass 526 at various angles. At

each entry point, a micro-lens refracts an incoming beam into a wide arc

L92. Lines 183 show how the middle of each arc is oriented in a

different direction, depending on the angle of approach of the beam into

glass 526.

t002001 FIG. 20 also shows (B) a collimating lens 527 having micro-

lenses etched on a surface facing an emitter 2OO, A focus point of the

lens, without the micro-lenses, is determined, and emitter 2O0 is

positioned at that point. Light beams 190 enter collimating lens 527 at

various angles. At each entry point, a micro-lens refracts the incoming

beams into a wide arc L92. Lines 184 show how the middle of each arc

is oriented in the same direction, irrespective of the angle of approach of

the beams into collimating lens 527. This type of lens is referred to as a
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"multi-directional collimating lens", because it outputs arcs of light, not

parallel beams, but all of the arcs are substantially uniformly directed'

t0020ll FIG. 20 also shows (C) the same collimating lens 527, but with

emitter 2OO positioned between the lens and the focus point. The output

arcs 192 are oriented in directions between those of the arcs of (A) and

the arcs of (B), indicated by lines 185.

t002021 Reference is made to FIG. 21, which is a simplified illustration of

a collimating lens having a surface of micro-lenses facing a receiver, in

accordance with an embodiment of the present invention. FIG. 21 shows

(A) a flat glass 526 having micro-lenses etched on a surface facing a

receiver 3OO, Light beams 191 are shown entering glass 526 as parallel

beams, At each exit point, a micro-lens refracts a beam into a wide arc

tg2. Lines 186 show how the middle of each arc is oriented in the same

direction. The arcs do not converge on receiver 3OO'

t002031 FIG. 21 also shows (B) a multi-directional collimating lens 527

having micro-lenses etched on a surface facing receiver 3OO. A focus

point of the lens, without the micro-lenses, is determined, and receiver

3OO is positioned at that point, Light beams 191 enter lens 527 as

substantially parallel beams. At each exit point, a micro-lens refracts an

incoming beam into a wide arc t92. Lines 187 show how the middle of

each arc is oriented towards receiver 3OO.

t002041 FIG. 21 also shows (C) the same lens 527, but with receiver

3OO positioned between the lens and the focus point.

t002051 As used through the present specification, the term "collimating

lens" includes a multi-directional collimating lens.

t00206ì Reference is made to FIG. 22, which is a simplified diagram of

an electronic device with a wide-beam touch screen, in accordance with

an embodiment of the present invention. Shown in FIG. 22 is an

electronic device 826 with two emitters, 2O1 and 2O2, and three
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receivers, 3O1, 3O2 and 3O3, the emitters and receivers being placed

along opposite edges of a display 636. Light intensities detected at each

of receivers 3O1, 3O2 and 3O3, are communicated to a calculating unit

77O. Each emitter and receiver uses a respective primary lens, labeled

respectively 441, 442, 443,439 and 44O. Emitters and receivers use

the same lens arrangement, to ensure that light emitted by an emitter

and re-directed by an emitter lens, is reverse-directed by an opposing

lens onto a receiver.

1002071 It is desirable that the light beam from each emitter covers its

two opposite receiver lenses. Such a condition is achieved by positioning

each emitter between its lens and its lens'focal point. As such, the

emitter is not in focus and, as a result, its light is spread, instead of being

collimated, by its lens. Each receiver is similarly positioned between its

lens and its lens'focal point.

t0020Sl Reference is made to FIG. 23, which is a diagram of electronic

device 826 of FIG.22, depicting overlapping light beams from one

emitter detected by two receivers, in accordance with an embodiment of

the present invention. Shown in FIG. 23 are two wide light beams from

emitter 2OL, one of which is detected at receiver 3O1 and another of

which is detected at receiver 3O2, respectively. The left and right sides

of the one beam are marked 145 and 146, respectively, and the left and

right sides of the other beam are marked L47 and 148, respectively'

The shaded area in FIG. 23 indicates the area on display 636 at which a

touch blocks a portion of both wide beams. As such, a touch in this area

is detected by two emitter-receiver pairs; namely, 2O1-3O1 and 2O1-

302.

t002091 Reference is made to FIG. 24, which is a diagram of electronic

device 826 of FIG. 22, depicting overlapping light beams from two

emitters detected by one receiver, in accordance with an embodiment of
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the present invention. Shown in FIG. 24 are wide beams, one from

emitter 2O1 and another from emitter 2O2, that are both detected at

receiver 3O2. The left and right sides of the one beam are marked 145

and 146, respectively, and the left and right sides of the other beam are

marked 147 and L4! , respectively. The shaded area in FIG. 24

indicates the area on display 636 at which a touch blocks a portion of

both wide beams. As such, a touch in this area is detected by two

emitter-receiver pairs; namely, 2OL-3O2 and 2O2-3O2.

t002101 Reference is now made to FIG. 25, which is a diagram of the

electronic device 826 of FIG. 22, showing that points on the screen are

detected by at least two emitter-receiver pairs, in accordance with an

embodiment of the present invention. FIG. 25 shows the wide beams of

FIGS. 23 and 24, and illustrates that touches in the shaded wedges on

display 636 are detected by at least two emitter-receiver pairs. The two

emitter-receiver pairs are either one emitter with two receivers, as in

FIG. 23, or two emitters with one receiver, as in FIG,24. More

specifically, touches that occur near the row of emitters are generally

detected by the former, and touches that occur near the row of detectors

are generally detected by the latter. By surrounding the screen with

similarly arranged emitters, lenses and receivers, any point may be

similarly detected by two emitter-receiver pairs.

l002lU Reference is made to FIG, 26, which is a simplified diagram of a

wide-beam touch screen, showing an intensity distribution of a light

signal, in accordance with an embodiment of the present invention'

Shown in FIG. 26 is a wide angle light beam emitted by emitter 201 into

lens 439. The light beam crosses over display 636 and substantially

spans lenses 44L and 442. The light is detected at receivers 3O1 and

302.
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Í002121 Shown in FIG. 26 is a graph of detected light intensity. Total

detected light corresponds to a shaded area under the graph. An object

touching the screen blocks a portion of this light. If the object touching

the screen moves across the wide beam, from left to right, the amount of

blocked light increases, and correspondingly the total detected light

decreases, as the object progresses from the left edge of the beam to the

center of the beam. Similarly, the amount of blocked light decreases,

and correspondingly the total detected light increases, as the object

progresses from the center of the beam to the right edge of the beam.

t002131 It is noted that the detected light intensities at the edges of the

light beam are strictly positive, thus ensuring that a touch at these edges

is detected.

t002141 Reference is made to FIG. 27, which is a simplified diagram of a

wide-beam touch screen, showing intensity distributions of overlapping

light signals from two emitters, in accordance with an embodiment of the

present invention. FIG,27 shows light detected from emitters 2O1 and

2O2. A touch point 98O on display 636 blocks light from these emitters

differently. Area 973 indicates attenuation of light from emitter 2OL by

touch point 98O, and the union of areas 973 and 974 corresponds to the

attenuation of light from emitler 2O2 by point 98O. By comparing the

light attenuation of the two emitter-receiver pairs, 2OI-3O2 and 2O2-

3O2, a precise touch coordinate is determined.

t002151 Reference is made to FIG. 28, which is a simplified diagram of a

wide-beam touch screen, showing intensity distributions of two sets of

overlapping light signals from one emitter, in accordance with an

embodiment of the present invention. As shown in FIG. 28, touch point

980 is inside the area detected by emitter-receiver pair 2O1-3O1 and

emitter-receiver pair 2O1-3O2. The attenuation of the light signal at

receiver 3O2, depicted as area 976, is greater than the attenuation at
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rece¡ver 3O1, depicted as area 975. By comparing the light attenuation

in the two emitter-receiver pairs, 2O1-3O1 and 2O1-3O2, a precise touch

coordinate is determined.

t002161 Determining the position of touch point 98O requires

determining a position along an axis parallel to the edge along which the

emitters are positioned, say, the x-axis, and along an axis perpendicular

to the edge, say, the y-axis. In accordance with an embodiment of the

present invention, an approximate y-coordinate is first determined and

then, based on the expected attenuation values for a point having the

thus determined y-coordinate and based on the actual attenuation values,

a prec¡se x-coordinate is determined. In turn, the x-coordinate thus

determined is used to determine a precise y-coordinate. In cases where

the touch point 980 is already touching the screen, either stationary or in

motion, previous x and y coordinates of the touch point are used as

approximations to subsequent x and y coordinates' Alternatively, only

one previous coordinate is used to calculate a first subsequent coordinate,

with the second subsequent coordinate being calculated based on the first

subsequent coordinate. Alternatively, previous coordinates are not used.

Í002171 Reference is made to FIG. 29, which is a simplified diagram of a

wide-beam touch screen with emitter and receiver lenses that do not

have micro-lens patterns, in accordance with an embodiment of the

present invention, Shown in FIG. 29 is an electronic device 826 with a

display 636, emitters 2O1 and 2O2, corresponding emitter lenses 439

and 44O, receivers 3O1, 3O2 and 3O3, and corresponding receiver

lenses 44L, 442 and 443. Two light beams, 151 and t-52, from

respective emitters 2O1 and 2O2, arrive at a point 977 that is located at

an outer edge of lens 442. Since beams 151 and 152 approach point

977 at different angles of incidence, they do not converge on receiver
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3O2. Specifically, light beam 152 arrives at receiver 3O2, and light

beam 151 does not arrive at receiver 3O2.

t0021Sl In order to remedy the non-convergence, a fine pattern of

micro-lenses is integrated with the receiver lenses, at many points long

the surfaces of the lenses. The micro-lenses distribute incoming light so

that a portion of the light arriving at each micro-lens reaches the

receivers. In this regard, reference is made to FIGS, 3O and 31, which

are simplified diagrams of a wide-beam touch screen with emitter and

detector lenses that have micro-lens patterns, in accordance with an

embodiment of the present invention. FIG. 30 shows incoming beam

151 being spread across an angle 0 by a micro-lens at location 977, thus

ensuring that a portion of the beam reaches receiver 3O2. FIG. 31

shows incoming beam 152 being spread across an angle tfl by the same

micro-lens at location 977 , thus ensuring that a portion of this beam,

too, reaches receiver 3O2. By arranging the micro-lenses at many

locations along each receiver lens, light beams that enter the locations

from different angles are all detected by the receiver. The detected light

intensities are communicated to a calculating unit 77O coupled with the

receivers.

t002191 Reference is made to FIG. 32, which is a simplified diagram of a

wide-beam touch screen with emitter and receiver lenses that do not

have micro-lens patterns, in accordance with an embodiment of the

present invention. Shown in FIG.32 is an electronic device 826 with a

display 636, emitters 201 and 2O2, corresponding emitter lenses 439

and 44O, receivers 3O1, 3O2 and 3O3, and corresponding receiver

lenses 44L, 442 and 443. Two light beams emitted by emitter 2O1 and

detected by respective receivers 3O1 and 3O2, are desired in order to

determine a precise location of touch point 980. However, lens 439,

without micro-lens patterns, cannot refract a beam crossing point 98O to
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receiver 301. I.e., referring to FIG. 32, lens 439 cannot refract beam

153 as shown. Only the beam shown as 154, crossing point 98O' is

detected.

t002201 In order to remedy this detection problem, micro-lenses are

integrated with the emitter lenses at many points along the surface of the

lenses. The micro-lenses distribute outgoing light so that a portion of the

light reaches the desired receivers. In this regard, reference is made to

FIG. 33, which is a simplified diagram of a wide beam touch screen, with

emitter and receiver lenses that have micro-lens patterns, in accordance

with an embodiment of the present invention. FIG. 33 shows that a

portion of light exiting from micro-lens location 982 reaches multiple

receivers. As such, a touch at point 98O is detected by receivers 3O1

and 3O2. It will be noted from FIGS. 32 and 33 that the beams passing

through point 98O are generated by micro-lenses at different locations

981 and gA2. Light intensity values detected by the receivers of FIGS.

32 and 33 are communicated to a calculating unilTTO-

t¡1¿Ztl Micro-lens patterns integrated with emitter and receiver lenses

thus generate numerous overlapping light beams that are detected. Each

point on the touch screen is traversed by multiple light beams from

multiple micro-lenses, which may be on the same emitter lens. The

micro-lenses ensure that the multiple light beams reach the desired

receivers. Reference is made to FIG. 34, which is a simplified diagram of

two emitters, 2O1 and 2O2, with respective lenses, 439 and 44O, that

have micro-lens patterns 444 integrated therein, in accordance with an

embodiment of the present invention. Reference is also made to FIG.

35, which is a simplified diagram of two receivers, 301 and 302, with

respective lenses,439 and 44O, that have micro-lens patterns 444

integrated therein, in accordance with an embodiment of the present

invention
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1002221 In some cases it is of advantage to avoid having micro-lenses on

the outermost surfaces of the emitter and receiver lenses. Since the

outermost surfaces are visible to a user, it may be less aesthetic to have

the micro-lenses on these surfaces, in order that the visible surfaces

appear smooth. Moreover, outermost surfaces are susceptible to

scratching and to accumulation of dust and dirt, which can degrade

performance of the micro-lenses. As such, in embodiments of the

present invention, the micro-lenses are integrated on surfaces that are

not exposed to the user, as shown below in FIGS. 36,37 and 4O.

1002231 Reference is made to FIG. 36, which is a simplified diagram of a

side view of a single-unit light guide, in the context of an electronic

device having a display and an outer casing, in accordance with an

embodiment of the present invention. Shown in FIG. 36 is a cut-away

of a portion of an electronic device with a display screen 637, an outer

casing 827 above screen 637, and an emitter 2OO below screen 637. A

light guide 45O receives light beams 1OO and reflects them above screen

637 so that they travel across the surface of screen 637 for detection.

Light guide 45O includes internal reflective surfaces 451 and 452 for

projecting light beams 1OO above the surface of scree n 637. A section

445 of light guide 45O serves as a primary lens to collimate light beams

1OO when they are received, The surface of section 445 that faces

emitter 2OO, indicated in bold, has patterns of micro-lenses etched

thereon. As such, the micro-lenses are not visible to a user, and are

protected from damage and dirt.

1002241 The surface of section 445 has a feather pattern for scattering

incoming light beams 1OO from an emitter 2OO. Reflective surfaces 451

and 452 reflect light beams 1OO. Reflective surface 451 is concave, and

reflective surface 452is a flat reflector oriented at a 45o angle with

respect to incoming light beams 1O0.
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t00225]1 Light beams 1OO exit light guide 45O through flat surface 453.

Suface 454 serves to connect light guide 45O to outer casing 427.

Surface 4S4is located above the plane of active light beams used by the

touch system, and is angled for aesthetic purposes'

t002261 The reflective characteristics of surface 452 require that dust

and dirt not accumulate on surface 452, and require that outer casing

g.27, which may be made interalia of metal or plastic, not make contact

with surfa ce 452; otherwise, reflectivity of surface 452 may be impaired.

As such, outer casing 827 is placed above surface 452, thereby

protecting surface 452 from dust and dirt, and outer casing 827 is not

flush with surface 452, so that casing material does not touch surface

452. Being a flat reflector at a 45o angle relative to incoming light

beams, surface 452 is positioned above the upper surface of display 637.

As such, the device height, H3, above display 637 due to light guide

45O, comprises the height, H1, of surface 452 plus the thickness, H2, of

outer casing 827.

1002271 At the receiving side, a light guide similar to 45O is used to

receive light beams 1OO that are transmitted over Screen 637 , and to

direct them onto corresponding one or more receivers. Thus, light beams

enter light guide 45O at surface 453, are re-directed by surface 452 and

then by surface 45L, and exit through the micro-lens patterned surface

of section 445 lo one or more receivers, At the receiving side, the

surface of section 445 has a pattern that scatters the light beams as

descri bed hereinabove.

t0022Sl Reference is made to FIG. 37, which is a simplified diagram of

side views, from two different angles, of a lens with applied feather

patterns on a surface, in accordance with an embodiment of the present

invention. Shown in FIG. 37 is a light guide 455 having an internal

reflective section 456, an internal collimating lens 457, and etched
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micro-lenses 458. Light beams 1O1 entering light guide 455 at lens 457

exit the light guide through a surface 459 as light beams 1O5'

Í002291 Similar light guides are used for receiving beams that have

traversed the screen, to focus them onto receivers, In this case, light

beams enter at surface 459, are reflected below the screen surface by

internal reflective section 456, are re-focused onto a receiver by

collimating lens 457, and re-distributed by micro-lenses 458. In general,

the same lens and micro-lenses are used with an emitter and a detector,

in order that the light beam be directed at the receiving side in reverse to

the way it is directed at the emitting side.

t002301 Collimating lens 457 has a rounded bottom edge, as shown at

the bottom of FIG . 37. In order to properly refract incoming light on the

emitter side, the micro-lenses 458 are formed in a feather pattern,

spreading as a fan, as shown at the bottom of FIG. 37 and in FIG. 38.

t0023U Reference is made to FIG. 38, which is a simplified diagram of a

portion of a wide-beam touch screen, in accordance with an embodiment

of the present invention. A feather pattern 460 is shown applied to the

surface of a lens 46L. A similar neighboring lens is associated with an

emitter 2OO emitting a wide beam 158.

1002321 Reference is made to FIG. 39, which is a top view of light beams

entering and exiting micro-lenses etched on a lens, in accordance with an

embodiment of the present invention. Substantially collimated light

beams 101 are shown in FIG. 39 entering micro-lenses 462 and being

refracted to light beams LO2, such that each micro-lens acts as a light

source spreading a wide beam across a wide angle'

Touch Screen System Configuration No. 3

t00233ì Several challenges arise in the manufacture of the micro-lenses

in configuration no. 2. One challenge is the difficulty of accurately
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forming the fan-shaped feather pattern of micro-lenses. It is desirable

instead to use micro-lenses arranged parallel to one another, instead of

the fan/feather pattern.

t002341 A second challenge relates to the mold used to manufacture the

light guide in configuration no. 2. Referring to FIG. 36, it is desirable

that the outer surface of section 445, facing emitter 2OO, be vertical, so

that the front surface of section 445 is parallel with the straight back

surface portion of light guide 45O, However, it is difficult to manufacture

exactly parallel surfaces. Moreover, if the light guide 450 were to be

wider at its bottom, then it would not be easily removable from its mold.

As such, the two surfaces generally form a wedge, and the surface of

section 445 facing emitter 2OO is not perfectly vertical. To compensate

for this, the micro-lenses are arranged so as to be perpendicular to a

plane of incoming light beams.

t002351 A third challenge is the constraint that, for optimal performance,

the micro-lenses be positioned accurately relative to their corresponding

emitter or receiver. The tolerance for such positioning is low. As such, it

is desirable to separate section 445 of the light guide so that it may be

positioned accurately, and to allow more tolerance for the remaining

portions of the light guide as may be required during assembly or

required for robustness to movement due to trauma of the electronic

device.

t002361 Configuration no. 3, as illustrated in FIGS. 40 - 42 and 48,

serves to overcome these, and other, challenges.

1002371 Reference is made to FIG. 40, which is a simplified diagram of a

side view of a dual-unit guide, in the context of an electronic device

having a display 637 and an outer casing 827, in accordance with an

embodiment of the present invention. shown in FIG. 40 is an

arrangement similar to that of FIG. 36, but with light guide 45O split into

49



an upper portion 463 and a lower portion 464. The micro-lenses are

located at an upper surface 466 of lower portion 464. As such, the

micro-lenses are not embedded in the collimating lens portion of light

guide 464.

t0023Sl In configuration no. 2, the curved shape of the collimating lens

necessitated a fan/feather pattern for the micro-lenses etched thereon.

In distinction, in configuration no. 3 the micro-lenses are etched on

rectangular surface 466, and are arranged as parallel rows. Such a

parallel arrangement, referred to herein as a "tubular arrangement", is

shown in FIG. 42. Specifically, a parallel series of micro-lenses 467 is

shown along an upper surface of light guide 464 in FlG. 42.

t002391 An advantage of configuration no, 3 is that the flat upper surface

of the light guide may be molded as nearly parallel with the screen

surface as possible, since the mold is one flat surface that lifts off the top

of light guide 464. Furthermore, in configuration no. 3, only portion 464

of the light guide has a low tolerance requirement for positioning. Portion

463 has a higher tolerance, since its surfaces are not placed at a focal

point of an element.

t002401 As shown in FIG. 4O, light beams 100 emitted by emitter 2OO

enter light guide unit 464 at surface 465, are reflected by reflective

surface 451 through surface 466, and into light guide unit 463. Inside

light guide unit 463, light beams lOO are reflected by surface 452, and

exit through surface 453 over display 637.

t002411 FIG. 40 indicates that the height, H3, added by the light guide

over display 637 comprises the sum of the height, H1, of internal

reflective surface 452, and the height, H2, of the thickness of outer

casing 827.

LtJtJz4zl Reference is made to FIG.41, which is a picture of light guide

units 463 and 464, within the content of a device having a PCB 7OO and
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an outer casing 827, in accordance with an embodiment of the present

invention. The tubular pattern on the upper surface of light guide unit

464 is a fine pattern. In order for this pattern to distribute the light

beams correctly, light guide 464 is placed precisely relative to its

respective LED or PD. By contrast, light guide unit 463 has a flat

reflective surface and, aS Such, does not require such precision

placement. FIG, 41 indicates the relative positioning of light guide units

463 and 464. Their alignment is represented by a distance 523, and

has a tolerance of up to 1 mm. A distance 522 represents the height

between the light guide units'

t002431 Reference is made to FIG. 42, which is a top view of light guide

units 463 and 464 of FIG. 41, in accordance with an embodiment of the

present invention. Tubular pattern 467 appears on the upper surface of

light guide unit 464.

Touch Screen System Configuration No. 4

I00Z44l Configuration no. 4 uses a reflective light guide and lens that

reduce the height of a light guide above a display. The reflective light

guide and lens of configuration 4 are suitable for use with the feather

pattern lenses of configuration no. 2, with the tubular pattern lenses of

configuration no. 3, and also with the alternating reflective facets of

configuration no. 5. Many electronic devices are designed with a display

surface that is flush with the edges of the devices' This is often an

aesthetic feature and, as such, when integrating light-based touch

screens with electronic devices, it is desirable to minimize or eliminate

the raised rims. Less visibly prominent rims result in sleeker, more flush

outer surfaces of the devices.

t00245ì Moreover, in light-based touch screens, the raised rim occupies a

width around the display, beyond the edges of the display. Many
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electronic devices are designed with display surfaces that seamlessly

extend to the edges of the devices. This is often an aesthetic feature

and, as such, when integrating light-based touch screens with electronic

devices, it is desirable to design the reflective raised rims in such a way

that they appear as seamless extensions of the display.

1002461 Configuration no. 4 achieves these objectives by reducing bezel

height and providing a seamless transition between a display edge and an

outer border of a device, resulting in a more appealing aesthetic design.

The light guide of configuration no. 4 integrates with an outer casing

having an elongated rounded edge, thereby softening sharp angles and

straight surfaces.

I00z47l Configuration no. 4 employs two active mirror surfaces; namely,

a parabolic reflective surface that folds and focuses incoming light to a

focal location, and an elliptical refractive surface that collects light from

the focal location and collimates the light into beams across the screen.

t002481 Reference is made to FIG. 43, which is a simplified diagram of a

side view of a light guide within an electronic device, in accordance with

an embodiment of the present invention. Shown in FIG. 43 is a light

guide 468 between an outercasing 828 and a display 637. Light beams

from an emitter 2OO enter light guide 468 through a surface 445. A

feather pattern of micro-lenses is present on a lower portion of surface

445, in order to scatter the light beams 1OO, Light beams 1OO are

reflected by an internal concave reflective surface 469 and by a parabolic

reflective surface 47O, and exit light guide 468 through an elliptical

refractive surface 47L. Elliptical refractive surface 47t redirects at least

a portion of light beams lOO in a plane parallel with the surface of display

637. Light beams 1OO are received at the other end of display 637, by a

similar light guide that directs the beams onto a light receiver 3OO. The
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light intensity detected by light receiver 3OO is communicated to a

calculating unit 77O.

t002491 Reference is made to FIG. 44, which is a simplified diagram of a

side view cutaway of a portion of an electronic device and an upper

portion of a light guide with at least two active surfaces for folding light

beams, in accordance with an embodiment of the present invention.

Shown in FIG. 44is an upper portion of a light guide 472. Surface 473

is part of a parabola, or quasi-parabola, or alternatively is a free form,

having a focal line 475. Focal line 475, and surfaces 473 and 474

extend along the rim of display 637. Surface 474 is part of an ellipse, or

quasi-ellipse, or alternatively a free form, having focal line 475.

t002501 On the emitter side, light beams enter the light guide, and

parabolic mirror 473 reflects the beams to a focal point inside the light

guide. Refracting elliptical lens 474 has the same focal point as parabolic

mirror 473. Elliptical lens 474 refracts the light from the focal point into

collimated light beams over display 637. On the receiver side, collimated

light beams enter the light guide, and are refracted by elliptical lens 474

into a focal point. Parabolic mirror 473 reflects the beams from the focal

point inside the light guide, to collimated output beams.

t002511 Surface 469 in FIG. 43 folds light beams 10O upwards by 90o.

Suface 469 is formed as part of a parabola. In one embodiment of the

present invention, surface 469 is corrected for aberrations due to input

surface 445 being slightly inclined rather than perfectly vertical, and also

due to the light source being wider than a single point.

I00ZSZ1 Surfaces 469 and 47O use internal reflections to fold light

beams. Thus these surfaces need to be protected from dirt and

scraLches. In FIG. 44, surface 473 is protected by outer casing 829.

The lower portion (now shown) of light guide 472is deep within the

electronic device, and is thus protected.
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t002531 Using configuration no. 4, substantially all of reflective surface

473 is located below the upper surface of display 637. Thus, this

configuration adds less height to an electronic device than does

configuration no. 2. Referring back to FIG. 43, the height, H3', added

by the light guide in the present configuration is approximately the

thickness , H2, of the outer casing, which is less than the corresponding

height, H3, in configuration no. 2. Moreover, the convex shape of

sufface 471 of FIG. 43 and surface 474 of FIG. 44 is easier for a user to

cf ean than is the perpendicular surface 453 of FIG. 36. Thus a user can

easily wipe away dust and dirt that may accumulate on display 637 and

on surface 47f-. It is noted that configuration no. 4 eliminates the need

for suface 454 of FIG. 36, since outer casing 828 is flush with the

height of surface 471, instead of being above it.

t002541 The convex shape of surface 47t of FIG. 43 makes the bezel

less visibly prominent than does the perpendicular surface 453 of FIG.

36.

t002551 Some electronic devices are covered with a flat sheet of glass

that extends to the four edges of the device. The underside of the glass

is painted black near the devices edges, and the display is viewed

through a clear rectangular window in the middle of the glass. Examples

of such devices include the IPHONE@, IPOD TOUCH@ and IPAD@,

manufactured by Apple Inc. of Cupertino, CA, and also various models of

flat-panel computer monitors and televisions. In some cases, the light

guides surrounding the various touch Screens described herein may

appear non-aesthetic, due to (a) the light guide being a separate unit

from the screen glass and thus the border between them is noticeable,

and (b) the light guide extending below the screen and thus, even if the

underside of the light guide is also painted black, the difference in heights

between the bottom of the light guide and the screen glass is noticeable.
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Embodiments of the present invention employ a two-unit light guide to

overcome this problem.

t002561 In one such embodiment, the upper unit of the light guide is

merged with the screen glass. In this regard, reference is made to FIG'

45, which is a simplified drawing of a section of a transparent optical

touch light guide 476, formed as an integral part of a protective glass

638 covering a display 637, in accordance with an embodiment of the

present invention. A daylight filter sheet 639 on the underside of

protective glass 638 serves, instead of black paint, to hide the edge of

display 637, without blocking light beams 1OO. Light guide 476 has an

outer elliptical surface 478 and an inner parabolic surface 477, and

merges smoothly with an outer cas¡ng 83O. Light beams 1OO pass

through light guide 476 as in FlG.44-

t00257ì In some cases, the cost of manufacturing a protective glass

cover with an integrated reflective lens may be expensive' As such, in an

alternative embodiment of the present invention, a black object is placed

between the upper and lower un¡ts of the light guide. The height of the

black object is aligned, within the electronic device, with the height of the

black paint on the underside of the protective glass. In this regard,

reference is made to FIG. 46, which is a simplified illustration of the

electronic device and light guide of FIG. 44, adapted to conceal the edge

of the screen, in accordance with an embodiment of the present

invention. Shown in FIG.46 is black paint, or alternatively a daylight

filter sheet 64L, on the underside of protective glass 640, covering

display 637. A black plastic element 482 is aligned with black

paint/daylight filter sheet 64l-, so that the edge of protective glass 64O is

not discernable by a user. Black plastic element 482 transmits infra-red

light to allow light beams 1OO to pass through.
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t0025Sl Reference is made to FIG. 47, which is a simplified diagram of a

light guide 483 that is a single unit extending from opposite an emitter

2OO to above a display 637, in accordance with an embodiment of the

present invention. A portion of an outer casing 832 is shown flush with

the top of light guide 483. The lower portion of light guide 483 has a

feather pattern of micro-lenses 484 to scatter the light beams arriving

from emitter 2OO. At the receiving side, the light beams exit through the

bottom of a light guide similar to light guide 483, towards a receiver.

The same feather pattern 484 breaks up the light beams en route to the

receiver.

t002591 Reference is made to FIG. 48, which is a simplified diagram of a

dual-unit light guide, in accordance with an embodiment of the present

invention. Shown in FIG. 48 is a light guide with an upper unit 485 and

a lower unit 486. A portion of an outer casing 832 is flush with the top

of light guide unit 485. A display 637 is shown to the right of light guide

unit 485. The top surface of light guide unit 486 has a tubular pattern of

micro-lenses 487 to break up light beams arriving from an emitter 2O0.

At the receiving side, the light beams exit through the bottom of a light

guide similar to the light guide shown in FIG. 48, towards a receiver.

The same tubular pattern 487 breaks up the light beams en route to the

receiver.

t002601 As explained hereinabove with reference to FIGS. 36 and 4O,

the positioning of light guide unit 486 with tubular pattern 487 requires

high precision, whereas the positioning of light guide unit 485 does not

require such precision. The effect of tubular pattern 487 on the light

beams depends on its precise placement relative to its respective emitter

or receiver. The active surfaces in light guide unit 485 are more tolerant,

since they are largely self-contained; namely, they are both focused on

an internal focal line, such as focal line 475 of FIG.44.
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t002611 It is noted that placement of emitters and receivers underneath

a device screen, and placement of a collimating reflective element

opposite each emitter or receiver, imposes restrictions on the thickness of

the device. A first restriction is that the thickness of the device be at

least the sum of the screen thickness and the emitter or receiver

thickness, A second restriction is that in order to properly collimate light

that is reflected upward above the screen, the reflective element opposite

the emitter or receiver be curved into a convex "smile" shape, as shown

inter alia in FIGS. 37 and 38. The convex shape adds to the total

thickness of the device.

f002621 Designers of tablets and e-book readers strive to achieve as slim

a form factor as possible. As such, according to an embodiment of the

present invention, the receivers and collimating lenses are placed inside a

border surrounding the screen, instead of being placed underneath the

screen. This is particularly feasible for tablets and e-book readers that

provide a non-screen border area for holding the device.

t002631 Reference is made to FIG. 49, which is a simplified diagram of a

touch Screen device held by a uSer, in accordance with an embodiment of

the present invention. Shown in FIG.49 is a device 826 wlth a touch

screen 8O0 surrounded by a frame 849 held by hands 93O.

Í002641 Reference is made to FIG. 5O, which is a simplified diagram of a

touch screen with wide light beams covering the screen, in accordance

with an embodiment of the present invention. FIG. 5O shows a top view

and a side view of a touch system with a touch screen 800, in the

context of an electronic device such as a tablet or an e-book reader.

FIG.50 also shows emitters 2OO and receivers 3OO, each coupled with a

pair of lenses 55O and 551, separated by an air gap 555, for collimating

light. The side view shows a device casing 827 and a frame 849

surrounding touch screen 8OO. Frame 849 provides a grip for a user to
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hold the device, and is wide enough to encase elements 2OO,3OO, 55O

and 551.

t002651 Light is more efficiently collimated over a short distance using

multiple air-to-plastic interfaces than with a solid lens. The emitter,

receiver and lenses are substantially coplanar with the suface of touch

screen 8OO, The flat non-curved profile of lenses 5OO and 551 along the

height of the device is lower than the profile of the lenses of FIGS' 37

and 38, due to the fact that in the case of lenses 5OO and 551 light is

projected only along the plane of the screen suface. The only height

added to the device form factor is the height of the bezel, or lens 551,

above touch screen 8OO for directing light across the screen. If micro-

lens patterns are used, e.g., to create overlapping beams, then a third

lens is added that includes the micro-lens patterns. Alternatively, the

micro-lens patterns may be formed on one of the two lenses 5OO and

551.

t002661 Reference is made to FIGS. 51 - 53, which are respective

simplified side, top and bottom views of a light guide in the context of a

device, in accordance with an embodiment of the present invention. FIG.

51 is a side view showing a display 635 and a side-facing emitter 2OO

that is substantially coplanar with display 635. A multi-lens assembly

reflects light above display 635 and outputs a wide beam. FIG. 51

shows the multi-lens assembly with three sections 55O - 552 separated

by air gaps 555 and 556. Sections 550 and 551 are connected beneath

air gap 555 and form part of a rigid frame that surrounds display 635.

The frame includes a cavity 22O for accommodating side-facing emitter

2OO or a similar shaped receiver. Lens sections 55O and 551 together

produce a wide collimated beam as described hereinabove. Lens section

552 includes a tubular pattern of micro-lenses as described hereinabove

with reference to FIGS. 4L and 42. FIG. 51 shows rays of a beam 1O5
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cross¡ng above display 635. A PCB 7OO forms a substrate for supporting

emitters 2OO, display 635, and the light guide frame.

1002671 FIG. 52 is a top view showing lens sections 55O - 552

separated by air gaps 555 and 556. FIG. 52 shows three collimated

beams 1O5, to illustrate how lens sections 55O and 551 collimate a wide

light beam. FIG. 52 also shows small connectors 559 that connect lens

section 552 to the rigid frame formed by lens sections 55O and 551' As

such, all three sections 55O - 552 may be formed from a single piece of

plastic.

t0026Sl FIG. 53 is a bottom view showing lens section 5OO with

emitter/receiver cavities 22O containing three emitters 2OO.

Touch Screen System Configuration No. 5

1002691 In accordance with an embodiment of the present invention,

high resolution touch sensitivity is achieved by combining two or more

emitter-receiver pair signals that Span a common area, as described

hereinabove with reference to configurations nos, 2 and 3. Configuration

no. 5 provides alternative optical elements and alternative arrangements

of emitters and receivers for providing overlapping detection.

t002701 Various approaches may be used to provide overlapping

detection beams. One approach is to provide two separate wide beams

that are projected at slightly different heights across the screen. Both

beams cover a common screen area, and thus provide multiple detection

signals for touches in that area. Another approach is to provide optical

elements that interleave rays of two wide beams when both beams are

activated at once, which can be achieved using diffractive structures to

interleave minute rays from two beams, or using slightly larger

alternating facets to interleave beams on the order of 0.1 - 0.6 mm from

two sources. Generally, the two beams are activated separately. As
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such, they cover a common screen area but are not actually interleaved.

This latter alternative is described in what follows.

t0027ll Reference is made to FIG. 54, which is a simplified illustration of

a touch screen 8OO surrounded by emitters and receivers, in accordance

with an embodiment of the present invention. Reference is also made to

FIG. 55, which is a simplified illustration of an optical element 53O with

an undulating angular pattern of reflective facets, shown from three

angles, in accordance with an embodiment of the present invention.

Shown in FIG. 55 are three views, (a), (b) and (c), of optical element

53O. Light from the emitters enters optical element 53O as wide angled

overlapping beams. FIG. 55 shows emitters 2OO - 2O2 facing a surface

54L of element 53O. Wide beams LO7 - 1O9 from respective emitters

2OO - 2O2 enter element 53O through surface 541. FIG. 55 also shows

the distance, or pitch, between neighboring emitter elements.

Í002121 Each of wide beamsl-OT - 1O9 spans two pitches and, as such,

the wide beams overlap in the area between neighboring emitters. A

surface 542 of element 53O is formed as a wave-like pattern of facets,

alternatingly directed at neighboring emitters, FIG. 55(c) shows

alternating shaded and non-shaded facets on surface 542. In element

53O between emitters 2OO and 2O1, shaded facets aimed at emitter 2O0

are interleaved with non-shaded facets aimed at emitter 2OL. In element

53O between emitters 2O1 and 2O2, shaded facets aimed at emitter 2O2

are interleaved with non-shaded facets aimed at emitter 2OL.

t002731 Reference is made to FIG. 56, which is a simplified illustration of

an optical element reflecting, collimating and interleaving light from two

neighboring emitters, in accordance with an embodiment of the present

invention. As shown in FIG. 56, each reflective facet of element 53O

collimates rays from its corresponding emitter, thereby interleaving

collimated rays from two emitters. FIG. 56 shows optical element 530
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reflecting and collimating light from two neighboring emitters 2OO and

ZO1, Alternating facets of element 53O focus on these two elements' By

interleaving collimated rays, element 53O collimates light from two

emitters across the screen in overlapping wide beams' Elements 53O at

an opposite screen edge direct the wide beams onto respective receivers.

1002741 Each facet on surface 542 is precisely angled to focus on its

element. The surface areas of each facet are also configured so that

sufficient amounts of light are provided for detection.

t00275l Alternative embodiments of optical element 530 collimate and

interleave incoming wide beams through refraction instead of reflection.

In such case, the wave-like multi-faceted surface is situated at an input

or output surface of optical element 53O. In the case of reflecting facets,

the facets re-direct light inside the optical element.

t002761 At times, it is desirable to run a touch screen in a low frequency

mode, e.g., in order to save power. Configuration no, 5 enables an

accurate low-frequency scan mode. In accordance with an embodiment

of the present invention, two detection signals along a Screen axis are

provided for each touch location. In low frequency mode, during a first

scan every other emitter-receiver pair is activated, thus activating only

half of the pairs along only one screen axis, but nevertheless covering the

entire screen. During a second scan, the remaining emitter-receiver pairs

along this axis are activated. As such, odd emitter-receive pairs are first

activated, then even emitter-receiver pairs, thus providing two full screen

scans and spreading usage evenly across all emitter and receiver

elements. In order to keep power consumption at a minimum, only

emitter-receiver pairs along the shorter edge of a rectangular screen are

activated.

1002771 In an alternative embodiment of the present invention both axes

of a screen are scanned, and each scanned axis provides initial touch
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information about the screen. As such, instead of sequentially activating

multiple scans of a single axis, in the alternative embodiment sequential

activation of scans of separate axes are activated. A sequence of four

scans are activated at four sampling intervals; namely, (i) a first half of

the emitter-receiver pairs along a first screen axis are scanned; (ii) a first

half of the emitter-receiver pairs along a second Screen axis are

activated, (iii) the second half of the emitter-receiver pairs along the first

screen axis are activated, and (iv) the second half of the emitter-receiver

pairs along the second screen axis are activated.

Design of Reflective Elements

t002781 A goal in designing alternating reflective or refractive facets of

an optical element, is to generate a light distribution that provides good

gradients as a basis for interpolation, by way of a linear signal gradient,

S(x), from an emitter to a receiver. A number of parameters affect the

light distribution.

I0027gl Reference is made to FIG. 57, which is a simplified diagram of a

multi-faceted optical element 53O, in accordance with an embodiment of

the present invention. Shown in FIG. 57 are parameters that control

light from each facet of the optical element, as described in what follows.

t002801 The light intensity distribution depends on a polar angle, 0, in

accordance with the third power, cos30. The angle 0 is a function of

distance 11O between beams of a single emitter or receiver element that

go to different facets, and of distance 111 between the emitter or

receiver element and element 53O.

t002Sll The facet width, B, is a readily adjustable parameter.

t002821 The Fresnel loss, F, is the amount of light lost due to reflection

caused by the refractive index of element 53O, when a beam enters

-62-



optical element 53O. Variation of Fresnel loss F between different angles

0 under Brewster's angle is less than 1olo, and is therefore negligible.

t002S3l Facet beam width, Y, is the total width covered by a single facet

beam. The alternating facets generate gaps in the light from emitter

2Ol, as neighboring facets are focused on neighboring emitter 2O2.

Light from each facet covers the gaps, Facet beam width, Y, depends on

facet width B and on the widths of neighboring facets. FIG. 57 shows

facets 545, 547 and 549 aimed at emitter 201 and respective facet-

beam widths Yscs, Y5a7 €ìrìd Ys+g that together cover the neighboring

facets 548 and 546 aimed at emitter 2O2.

l002S4l Reference is made to FIG. 58, which is a simplified graph

showing the effect of reflective facet parameters 0, Y and B on light

distribution for nine facets, in accordance with an embodiment of the

present invention. The graph of FIG. 58 also shows actual light

distribution, and a reference linear function. As seen in FIG. 58, the

actual light distribution signal is approximately linear. The data in the

graph is normalized based on the central facet, located at location 0 on

the x-axis, being assigned a value of 1 in all aspects. As such, the facet

width B is labeled Bnorm in the graph, and facet widths are normalized

relative to the width of the central facet. Generally, the angular

parameter 0 provides a sloped curve, which is flat for small values of 0,

as seen in FIG. 58 in the flat portion of the 0 curve, labeled cos3,

between positions 0 and 2 along the x-axis. The gradient for small 0 is

increased by adjusting parameter B, which in turn affects parameter Y,

labeled Yfactor. The complete signal is labeled signal in the graph, and

it is approximately linear.

t00285j Light intensity for facet k, as a function of parameters 0, B, F

and Y, is described in accordance with
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where the lighting of facet k is normalized based ofl 0 = 0 for the central

facet.

t002S6l TABLE I lists parameters for each facet in a series of nine facets

that are focused on one emitter or receiver element. In TABLE I, x-pos

denotes the distance in millimeters from the central facet, B denotes the

facet width in millimeters, B-norm denotes the normalized facet width,

based on the central facet having a width of 1, Yfactor denotes the facet

beam width, normalized to the width of the central facet beam, Signal

denotes the normalized signal value for each facet, and Line denotes

signal values for a reference straight line.

TABLE I: Facet parACIelglq fo_r nine facets

Facet no. x-Dos B B-norm Yfactor cos'e Siqnal Line
1 0 0.66 1 1 1 1 1

2 r.265 0,s9 0.893939 r.065574 0.973981 0.927774 0,913516
3 2.46 0.s6 0.84848s 1. 1 1sB8 o.907237 0.8s8978 0.831817
4 3.605 0.55 0,833333 t.150442 0.81726t 0.783 5 1 0.753537
5 4.725 0.ss 0.833333 I.I7 T77I 0.7t7BOr 0.700557 0.676966
6 s.835 0.57 0.863636 7.1607L4 0.618698 0.620205 0.601079
7 6,965 0,s9 0.893939 t.735377 0.524528 0.s32371 o.s23824
B B.13 0.62 0,939394 1.087866 0.438568 0.448188 0.444L77
9 9.3s 0.64 0.969697 r.o27668 0.362027 0.360769 0.360769

10

t002S7l TABLE II lists parameters for a series of alternating facets

focused on two neighboring elements, such as an emitter and a

neighboring receiver. In TABLE II, facets nos. 1 - 5 are focused on an

emitter, and facets nos. 6 - 9 are focused on a neighboring receiver.

Three values are listed for each facet; namely, its width, B, its location, x-

pos, along the x-axis relative to the center of the central facet for the

emitter, and the location, border-pos, of the facet's outer edge. All facet

values are specified in millimeters.
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TABLE II: Nine alternatinq facets

Facet no B x-Dos border pos
1 0.66 0 0.33
9 0.64 0.65 0.97
2 0. s9 r.265 1.56
B 0.62 t.B7 2.18
3 0, s6 2.46 2.74
7 0.59 3.03s 3.33
4 0.55 3.60s 3.BB

6 0.57 4.t65 4.45
5 0.5s 4.725 5

5

Signals Generated by Element 53O

t002SBì Reference is made to FIG. 59, which is a simplified illustration of

a touch screen with a wide light beam crossing the screen, in accordance

with an embodiment of the present invention. Reference is also made to

FIG. 60, which is a simplified illustration of a touch screen with two wide

light beams crossing the screen, in accordance with an embodiment of

the present invention. Reference is also made to FIG. 61, which is a

simplified illustration of a touch screen with three wide light beams

cross¡ng the screen, in accordance with an embodiment of the present

invention. As shown in FIG. 59, a screen 8OO is surrounded with

emitters and receivers. A wide beam 167 is shown representing a wide

detection area on screen 8OO, that is detected by an emitter-receiver pair

2OO-3OO. Wide beam 167 is generated by optical elements, such as

element 53O described hereinabove but not shown in FIGS. 59 - 61. A

first element 53O collimates light from emitter 2OO, and a second

element 53O focuses wide beam 167 onto receiver 3OO. A graph 910

shows the gradient of signal intensities detected across the width of wide

beam L67.

t002S9ì FIG. 60 shows neighboring wide beams 168 and 169,

representing wide detection areas on screen 80O detected by respective

emitter-receiver pairs 2O1-3O1 and 2O2-3O2. Respective graphs 911
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and 912 illustrate the gradient of signal intensities detected across the

widths of wide beams 168 and 169.

t002901 FIG. 61 shows the three wide beams of FIGS. 59 and 60. As

seen in FIG. 61, the left half of beam L67 is overlapped by half of beam

168, and the right half of beam 167 is overlapped by half of beam 169.

The intensity gradients in graphs 910 - 912 indicate that a touch at any

location along the width of beam 167 is detected along two gradients of

two overlapping wide beams. Similarly, a touch at any location on the

screen is detected in both the vertical and the horizontal axis along two

gradients of two overlapping wide beams on each axis. A precise touch

coordinate is calculated by interpolating touch locations of the two signals

based on the detection signal gradients. FIG. 56 shows the light signal

attenuation gradients 92O and 921 across the widths of the two

overtapping beams. Light signal attenuation gradient 920 corresponds to

the beam emitted from emitter element 2OO, and light signal attenuation

gradient 921 corresponds to the beam emitted from emitter element

zOL. As such, the beam has maximum intensity directly above the

element, and tapers off at either side. Having two different sloping

gradients for the overlapping beams is of advantage for calculating a

precise touch location, as described hereinbelow.

t002911 Reference is made to FIGS. 62, which is a simplified graph of

light distribution of a wide beam in a touch screen, in accordance with an

embodiment of the present invention. The lower portion of FIG. 62

shows a path across wide beam L67 , and the upper portion of FIG. 62 is

a graph depicting signal intensity distribution along this path. The

graph's x-axis represents the hoi'izontal screen dimension in units of

millimeters, The graph's y-axis represents the baseline signal intensity

detected by emitter-receiver pair 2OO-3OO situated at 10 mm along the

screen axis. The signal corresponds to a screen with emitter and receiver
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elements arranged at a pitch of 10 mm. As such, the detected wide

beam spans 20 mm. The spikes in the graph are caused by the

alternating facets of optical element 53O describe above, which

alternately focus rays at neighboring elements. As such, spikes

correspond to facets belonging to the measured emitter-receiver pair, and

the neighboring troughs correspond to facets belonging to a neighboring

emitter-receiver pair. Despite these spikes, detection signals of a finger

or another object along the measured screen axis have a relatively

smooth gradient along the entire 20 mm span of the beam since the

finger is wider than the narrow spike and trough channels. As such, a

finger blocks a series of spikes which remain substantially uniform as the

finger slides long the screen axis. E,9., a fingertip is approximately 6 mm

wide, whereas there are I - 9 spikes in 10 mm in the graph of FIG. 62'

t002g2l Reference is made to FIG. 63, which is a simplified illustration of

detection signals from three wide beams as a fingertip moves across a

Screen, in accordance with an embodiment of the present invention.

Shown in FIG. 63 are three detection signals of a fingertip as it moves

across three neighboring wide beams along a screen axis' From each of

the signals it is apparent that as the finger enters a wide beam, the finger

blocks a small portion of the beam. As the finger moves along the axis

toward the center of the beam, it blocks progressively more of the beam

until it blocks roughly 4Oo/o of the beam intensity, indicated in the graph

by a minimum detection of 60% of the expected baseline signal. As the

finger moves further along, it blocks progressively less of the beam. The

shape of the detection curve is relatively smooth, despite the peaks and

troughs in the light beam shown in FIG. 62. There are slight fluctuations

along the detection curves of FIG.63 that are at least partially due to

the peaks, but these fluctuations are minimal and do not significantly

distort the trend of the signal.
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t002931 Reference is made to FIGS. 64 - 66, which are simplified graphs

of light distribution in overlapping wide beams in a touch screen, in

accordance with an embodiment of the present invention. Taken

together, FIGS. 62 and 64 - 66 show a light distribution across three

neighboring wide light beams on a screen with emitter-receiver pairs

spaced 10 mm apart. As seen in these figures, the facets of optical

element 53O provide overlapp¡ng touch detection by two em¡tter-receiver

pairs. FIG. 64 shows the light signal from an emitter-receiver pair

situated at location 0 along the measured screen axis. FIG. 65 shows

the light signal from an emitter-receiver pair situated at a location 20 mm

along the measured screen axis. FIG. 66 shows the light signals from

the three emitter-receiver pairs of FIGS. 6.2,64 and 65, and shows how

these light beams cover overlapping areas of the screen surface. FIG. 63

shows three detection signals for the three emitter-receiver pairs of FIG.

66, as a fingertip moves along the screen axis.

t00}g4l Touch detection signals are less smooth when using a fine-point

stylus than when using a finger. E.9,, a 2 mm stylus tip moving across a

screen generates more fluctuations in a detection signal than does a 6

mm finger, since the stylus tip covers fewer peaks in the light signal and,

therefore, moving in and out of a signal peak changes a larger part of the

blocked signal. Nevertheless, embodiments of the present invention

overcome this drawback and determine stylus touch locations with a high

level of accuracy, by interpolating multiple detection signals.

t00295ì Reference is made to FIG. 67, which is a simplified graph of

detection signals from a wide beam as a fingertip moves across a screen

at three different locations, in accordance with an embodiment of the

present invention. Shown at the bottom of FIG, 67 are three paths 925

- 927 traced by a finger across a wide beam L67. Path 925 is near LED

2OO, path 926 is mid-screen, and path927 is neara PD 300. The graph
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in the upper portion of FIG. 67 shows three detection signals of a

fingertip as it traverses the three paths 925 - 927, labeled in the graph

legend as LED edge, Midscreen and PD edge, respectively. The three

detection signals in the graph are substantially overlapping. As such, the

signal is uniformly detected along its depth, and the signal varies as a

function of the touch along only one axis of the screen, Thus determining

a touch location along a first axis is independent of the detection signal

along a second axis. Moreover, the intensity of the signal is uniform

along the second axis, making the signal robust.

Supporting Various Screen Sizes

t002g6l Some embodiments of configuration no, 5 include optical

elements with alternating facets that are focused on two neighboring light

emitting or receiving elements. When such an optical element is separate

from the light emitters or receivers, the emitters or receivers are

generally spaced at a particular pitch. When such an optical element is

formed as a rigid module together with an emitter or a receiver, the

embedded emitter or receiver is precisely positioned with respect to the

reflective facets. The facets aimed at a neighboring module, are aimed in

accordance with the embedded emitter or receiver in the neighboring

module that is similarly situated in its module. Such positioning

potentially restricts the size of a screen to integral multiples of the pitch.

E.g., with a pitch of 10 mm between emitters, the screen dimensions

must be integral multiples of 10 mm. Embodiments of the present

invention are able to overcome this restriction, as described in what

follows.

Í0}2g7l Reference is made to FIG.68, which is a simplified diagram of

four optical elements and four neighboring emitters, in accordance With

an embodiment of the present invention. Shown in FIG. 68 are four
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optical elements 531 - 534 arranged in a row. Each element is

positioned opposite a respective one of emitters 2OO - 2O3' The same

configuration is assembled for receivers, or for alternating emitters and

receivers. In the case of receivers, emitters 2OO - 2O3 are replaced by

receivers; and in the case of alternating emitters and receivers, emitters

2OO and 2O2 are replaced by receivers'

t002981 Optical elements 531, 532 and 534 are all of the same width,

e.g., 10 mm; i.e., w1 = w2 = w4. The pitch, PL, between emitters 2oo

and 2O1 is a standard distance, e.g., 10 mm. The facets of optical

element 531 are constructed for emitters that are at a standard pitch of

1O mm. Pitches P2 and P3 may be nonstandard. By enabling a device

manufacturer to insert a single emitter at a non-standard pitch, the

manufacturer can accommodate any screen size. The width, w3, of

optical element 533 is customized for a non-standard screen size; e.9.,

for a screen length of 96 mm, w3 is 6 mm instead of 10 mm, and pitches

P2 and P3 are each 8 mm, Optical element 532 is a hybrid element -

the left half of element 532 has facets aimed at emitters 2OO and 2O1,

which are positioned according to a standard 10 mm pitch, and the right

half of element 532 is special having facets aimed at emitters 2O1 and

ZO2, where emitter 2O2 has a non-standard placement. Optical element

534 is also a hybrid element, as its left half has facets aimed at emitters

2O2 and 2O3, whereas its right half is aimed at two standard pitch

emitters. Optical element 533 is non-standard throughout -- it is not as

wide as the standard elements and has every other of its facets aimed at

emitter ZO2. In this example, the width of the beam from emitter 2O2 is

roughly 16 mm, as compared to the standard 20 mm width. As such,

emitter 2o2 is placed slightly closer to optical element 533,
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Diffractive Surfaces

1002991 As described hereinabove, diffractive surfaces are used in

embodiments of the present invention to direct beams from two emitters

along a common path. Reference is made to FIG. 69, which is a

simplified diagram of a diffractive surface that directs beams from two

emitters along a common path, in accordance with an embodiment of the

present invention. Shown in FIG. 69 are emitters 2OO and 2O1 emitting

arcs of light 1O7 and 1OB into two collimating lenses 525. Wide beams

167 and 168 exit lenses 525 and enter refractive surface 560, which

directs both beams l-67 and 168 into a wide beam 193 that crosses the

screen. A similar optical arrangement splits wide beam 193 onto two

receivers at the opposite Screen edge. Each emitter is activated

separately with a respective opposite receiver. Beams from the two

emitters have different signal gradients along the width of beam 193, as

explained hereinabove. The two detection signals are used to calculate a

touch location from EQS. (2) and (3) provided hereinbelow.

Parallel Overlapping Beams

t00300ì As described hereinabove, parallel wide beams projected at

slightly different heights over a screen are used in alternative

embodiments of the present invention, to provide multiple detection

signals for a touch event on the screen.

Alternating Emitters and Receivers

t00301ì In an alternative embodiment of the present invention, emitters

and receivers are positioned alternately along each screen edge.

Reference is made to FIG. 7O, which is a simplified diagram of a touch

screen surrounded with alternating emitters and receivers, in accordance

with an embodiment of the present invention. Reference is also made to
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FIG. 7L, which is a simplified illustration of a touch screen surrounded

with alternating emitters and receivers, and a wide beam crossing the

screen, in accordance with an embodiment of the present invention.

Reference is also made to FIG. 72, which is a simplified illustration of a

touch screen surrounded with alternating emitters and receivers and two

wide beams crossing the screen, in accordance with an embodiment of

the present invention. Reference is also made to FIG. 73, which is a

simplified illustration of a touch screen surrounded with alternating

emitters and receivers and three wide beams crossing the screen, in

accordance with an embodiment of the present invention. FIGS. 7L - 73

show overlapping wide beams, similar to those of FIGS. 59 - 61

described hereinabove.

t003021 Reference is made to FIG. 74, which is a simplified illustration of

a collimating optical element reflecting and interleaving light for an

emitter and a neighboring receiver, in accordance with an embodiment of

the present invention. FIG.74 shows optical element 53O interleaving

neighboring light beams, wherein a first beam is outgoing from emitter

2OO and a second beam is incoming to neighboring receiver 3O1, FIG.

74 also shows signal gradient 92O for the first beam and signal gradient

92tfor the second beam. When a touch is detected on both beams, the

sloping gradients enable determination of a precise touch location by

interpolation, as described hereinbelow,

t003031 As indicated hereinabove with reference to FIG. 67, the

detection signal does not vary with depth of touch location within a wide

beam, Therefore, the opposing directions of the adjacent overlapping

wide beams do not affect the touch detection signal, In turn, this enables

interpolating signals from overlapping beams without regard for direction

of each beam.
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Multi-Touch Detection

t003041 Multi-touch locations are often difficult to identify unambiguously

via light emitters that emit light in directions parallel to two axes.

Reference is made to FIGS. 75 - 78, which are illustrations of multi-

touch locations that are ambiguous vis-à-vis a first orientation of light

emitters, in accordance with an embodiment of the present invention. As

shown in FIGS. 75 and 76, there is ambiguity in determining the

locations of a diagonally oriented multi-touch. There is further ambiguity

if a multi-touch includes more than two pointers. For example, the two-

touch cases shown in FIGS.75 and 76 are also ambiguous vis-à-vis the

three-touch case shown in FIG. 77 and vis-à-vis the four-touch case

shown in FIG. 78. In each of these cases, row and column indicators a -
h show an absence of light in the same locations. Such ambiguity is

caused by "ghosting", which refers to an effect where the shadow of one

pointer obscures a portion of another pointer.

1003051 In accordance with an embodiment of the present invention,

ghosting is resolved by use of two sets of grid orientations for touch

detection.

10030ól Reference is made to FIGS. 79 - 91, which are illustrations of

the multi-touch locations of FIGS. 75 - 77 lhat are unambiguous vis-à-

vis a second orientation of light emitters, in accordance with an

embodiment of the present invention. Use of an arrangement of

alternating emitters and receivers, as described hereinabove with

reference to FIGS. TO and 7L, and use of additional optical elements to

generate two sets of detection axes, provide important advantages. One

advantage is generating a robust set of overlapping wide beams, whereby

multiple detection signals may be interpolated in order to determine

touch coordinates with high precision. Another advantage is generating
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overlapping wide beams on the second axis set, such that touch detection

on the second axis set is also precise.

t003071 A dual-unit light guide is described hereinabove with reference to

FIGS. 4l and 42. As described there, the lower portion 464 of the light

guide contains reflective facets or lenses that are focused on the emitters

and receivers, and the upper portion 463 includes a reflective surface

and lenses that do not require precision placement vis-à-vis the emitters

and receivers. In Configuration No. 5, the alternating reflective or

refractive facets form part of the lower portion. A three-sided refractive

cavity for distributing light beams in three directions is formed as part of

the upper portion. In Configuration No. 5, use of micro-lenses 467 is not

required. Alternatively, the alternating facets are formed in transparent

plastic modules that include an emitter or receiver, as described

hereinbelow with reference to FIG. 1O5, An arrangement of these

modules replaces lower portion 464, and upper portion 463 remains.

t0030Sl Reference is made to FIG. 82, which is a simplified illustration of

a touch screen with light beams dlrected along four aXes, in accordance

with an embodiment of the present invention. Shown in FIG. 82 is a row

of light emitters 2OO along the top edge of a screen 800, and a row of

light receivers 3OO along the bottom edge of screen 8O0. The left and

right edges of screen 80O include opposing rows of combined emitter-

receiver elements 23O. Elements 230 act as emitters and as receivers.

In an embodiment of the present invention, an emitter and a receiver are

combined in a single unit, such as the reflective and transmissive sensor

manufactured by VISHAY@ Corporation of Malvern, PA. In another

embodiment of the present invention, an LED is used for both light

emission and detection. An integrated circuit that both emits and detects

light using an LED and a current limiting resistor, is described in Dietz,

P.H., Yerazunis, W.S. and Leigh, D.L., "Very low cost sensing and
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commun¡cation using bidirectional LEDs", International conference on

Ubiquitous Computing (UbiComp), October, 2OO3.

t003091 Reference is made to FIG. 83, which is a simplified illustration of

an alternate configuration of light emitters and light receivers with two

grid orientations, in accordance with an embodiment of the present

invention. Shown in FIG. 83 are light emitters 2OO in an alternating

pattern with light receivers 3OO around a screen perimeter' Light

emitted by each emitter is detected by two receivers at an opposite

screen edge, the two receivers being separated by an emitter

therebetween.

t003101 In order that the light from an emitter arrlve at the outer edges

of two opposite receivers, the wide beams emitted from each emitter

must span a distance of three optical lenses. This is in contrast to the

configuration described above with shift-aligned emitters and receivers,

where the two receivers that detect light from a common emitter are

positioned adjacent one another, and thus the wide beams emitted from

each emitter need only span a distance of two optical lenses'

t003111 Reference is made to FIG. 84, which is a simplified illustration of

a configuration of alternating light emitters and light receivers, in

accordance with an embodiment of the present invention. As shown in

FIG. 84, emitter 201 is situated between receivers 3O3 and 3O4 along

the bottom screen edge, and emitter 2O2 is situated between receivers

3O1 and 3O2 along the top screen edge. Light from emitter 2O1 is

detected by receivers 3O1 and 3O2, and light from emitter 2O2 is

detected by receivers 3O3 and 3O4.

t003t2l Reference is made to FIG. 85, which is a simplified illustration of

two wide light beams from an emitter being detected by two receivers, in

accordance with an embodiment of the present invention. Shown in FIG.

85 are two wide beams from emitter 2O1 that exit lens 44O and arrive at
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lenses 44L and 443 for detection by receivers 3O1 and 3O2,

respectively. One wide beam is bordered by edges 145 and 146, and

the other wide beam is bordered by edges t47 and 148. A cross-

hatched triangular area indicates an overlap where a touch is detected at

receivers 3O1 and 3O2.

t003131 Reference is made to FIG. 86, which is a simplified illustration of

two wide beams and an area of overlap between them, in accordance

with an embodiment of the present invention. One wide beam, from

emitter 2Of., exits lens 44O and arrives at lens 44L for detection by

receiver 3O1. The wide beam is bordered by edges 145 and 146.

Another wide beam, from emitter 2O2 to receiver 3O3, is bordered by

edges L47 and L48. A cross-hatched diamond-shaped area indicates an

overlap where a touch is detected at receivers 3O1 and 3O3.

t003141 It will thus be appreciated by those skilled in the art that any

location on the screen is detected by two emitter-detector pairs, when the

emitter-detector pairs are situated at opposite Screen edges and, as such,

an accurate touch location may be calculated as described hereinabove.

t003t5l Reference is made to FIG. 87, which is a simplified illustration of

a touch point 98O situated at the edges of detecting light beams, in

accordance with an embodiment of the present invention. FIG' 87 shows

that it is desirable that the light beams extend to the edges of the emitter

and receiver lenses, in order to accurately determine the location of touch

point 98O.

t003161 Reference is made to FIG. 88, which is a simplified illustration of

an emitter along one edge of a display screen that directs light to

receivers along two edges of the display screen, in accordance with an

embodiment of the present invention. Shown in FIG.88 are a first pair

of light beams emitted from an emitter 2OO at one edge of a display

screen to receivers 3OO and 3O1 along the opposite edge of the display

-76-



screen, and a second pair of light beams emitted from emitter 2OO to

receivers 304 and 3O5 along the adjacent left edge of the display screen.

A third pair of light beams (not shown) is emitted from emitter 2OO to

receivers at the adjacent right edge of the display screen. The second

and third pairs of light beams are each oriented at an angle of

approximately 45o relative to the first pair of light beams.

t003171 Also shown in FIG, 88 is a lens 439, used to refract light from

emitter 2OO to lenses 442 and 443, which are oriented at approximately

45o to the left of lens 439. In an embodiment of the present invention,

lens 439 is made of a plastic material, which has an index of refraction

on the order of L.4 - 1.6. As such, an angle of incidence of

approximately B4o is required in order for the light to be refracted at an

angle of 45o. However, for such a large angle of incidence, the amount of

light lost due to internal reflection is large. In order to improve

throughput, two air/plastic interfaces are used to achieve an angle of

refraction of approximately 45o, as described hereinabove.

Tri-Directional Micro-Lenses

t003181 Reference is made to FIGS. 89 and 9O, which are simplified

illustrations of a lens for refracting light in three directions, having a lens

surface with a repetitive pattern of substantially planar two-sided and

three-sided recessed cavities, respectively, in accordance with

embodiments of the present invention. The flat surface oppos¡te the

emitter or receiver is distal to the emitter or receiver in FIG. 89 forming

a three-sided cavity, and is proximal thereto in FIG. 9O separating two

two-sided cavities.

t003191 Such three-sided lenses are used in several embodiments' In a

first embodiment, the lens is used without an additional optical

component with alternating facets for interleaving neighboring beams, In
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this embodiment, wide beams cover the screen but do not necessarily

overlap to provide two or more detection signals for interpolation. A

typical use case for this embodiment is finger input, but not stylus input.

The tri-directional lens enables detection on four different axes, to

eliminate ambiguity and ghosting in multi-touch cases. The tri-directional

lens also provides additional touch location information; namely, four

axes instead of two, and the additional information increases the

precision of the touch location, even for a single touch,

t003201 In a second embodiment, the lens is used with an additional

optical component with alternating facets for interleaving neighboring

beams, or wíth an alternative arrangement providing overlapping

detection signals. In this embodiment, overlapping wide beams provide

two or more detection signals for interpolation, Typical use cases for this

embodiment are finger and stylus input. The tri-directional lenses and

the interleaving facets may be formed in two distinct components. The

interleaving facets component is positioned closer to its emitter or

receiver than the tri-directional component, since the tolerance for

imprecise placement of the lnterleaving facets component is low, whereas

the tolerance for imprecise placement of the tri-directional lens

component is high. Alternatively, the tri-directional lenses and the

interleaving facets may be formed in a single rigid component. For

example, a diffractive grating interleaves signals from two sources and

also splits the beams in three directions.

t0032fl Shown in FIG. 89 is a lens 527 with a pattern of micro-lenses

528 on its bottom surface, The micro-lens pattern shown in FIG' 89 has

three substantially planar sides, each side refracting light in a different

direction. The pattern of micro-lenses 528 forms a saw-tooth repetitive

pattern along the bottom edge of the upper section of the lens. The three
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walls of each micro-lens 528 are slightly curved, in order to spread the

light in a wider arc aS it exits the lens toward an intended receiver.

t00tz2l A collimating lens section (not shown) is situated beneath lens

527, to direct the light in parallel beams into micro-lenses 528.

t00323ì In some embodiments of the present invention, lens 527 is parl

of a two-lens arrangement, with lens 527 forming the upper of the two

lenses, farther from the emitter or receiver' and nearer to the Screen

surface. In distinction, the two-section lens shown in FIG. 41 has a

micro-lens pattern on the top of the lower section'

t003241 In order to properly interleave collimated beams from the

alternating facets component, the pitch of the three-sided cavities needs

to be much smaller than the pitch of the alternating facets' Ideally, the

pitch of the cavities should be made as small as possible. With

alternating facets of about 0.6 mm, the cavities should be 0.2 mm or

smaller. The dihedral angle between each pair of adjacent planes is

approximately !22o, to achieve a 45o refraction using plastic having a

refractive index of 1.6. However, different angles may be desired for a

different set of diagonal axes, or plastic having a different refractive index

may be desired, in which case the dihedral angle will be different'

t003251 As shown in FIG. 89, incoming collimated light is refracted

through two air/plastic interfaces, to emerge at an angle of refraction that

is approximately 45o. The first interface, along an inner plane of the

micro-lens, refracts the incoming light to an angle of refraction that is

approximately 5Bo, and the second interface refracts the light to emerge

at an angle of refraction that is approximately 45o'

t003261 Reference is made to FIGS. 91 - 93, which are simplified

illustrations of a touch screen surrounded with alternating emitters and

receivers and diagonal wide beams cross¡ng the screen, in accordance

with an embodiment of the present invention, FIGS. 91 and 92 show
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diagonal wide beams from emitter 2OO and 2O1 to receiver 3OO, and a

corresponding signal gradient 910. FIG. 93 shows diagonal wide beams

from emitters 2o2 and 2o4 to receivers 3o2 and 3O4, and

corresponding signal gradients 911 and 912' These wide beams overlap

wide beam 
':67 

of FIG. 88, thereby providing multiple touch detections

for interpolation.

t003271 Reference is made to FIG. 94, which is a simplified graph of

light distribution across a diagonal wide beam in a touch screen, in

accordance with an embodiment of the present invention. The lower

portion of FIG. 94 shows a wide beam 167 and a path 925 crossing this

beam according to a second axis system. If the pitch between elements

is 1 unit, then the width of this beam is t/12 units. Thus if the pitch

between elements is 10 mm, then the beams along the diagonal axes are

approximately 7 mm across. The upper portion of FIG. 94 shows the

distribution of light across wide beam L67. The signal spans across

approximately 14 mm of the diagonal beam, as compared with 20 mm of

the vertical beam in FIG. 60. As described above with reference to FIG'

62, the signal gradient across the width of the beam enables

interpolating multiple detection signals to determine a precise touch

position.

t0032Sl Reference is made to FIG' 95, which is a simplified graph of

light distribution across three overlapping diagonal wide beams in a touch

screen, in accordance with an embodiment of the present invention. FIG'

95 shows a signal distribution across three overlapping beams in a

second axis system, similar to FIG. 66. Different widths are covered by

these two sets of beams.

t003291 Reference is made to FIG. 96, which is a simplified graph of

touch detection as a finger glides across three overlapping diagonal wide

beams in a touch Screen, in accordance with an embodiment of the
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present invention. FIG. 96 shows how reception of a finger passing

across three adjacent overlapping beams is detected by each beam. The

maximum detection signal is approximately 4Oo/o of the baseline signal

intensity, and this occurs when the finger is in the middle of the beam.

In this case, the finger blocks approximately 600/o of the total light of the

beam. This is greater than the amount of light blocked by the same

finger in FIG.63; namely,40o/o. The difference is due to the diagonal

beam being narrower than the veftical beam. Therefore a 6 mm fingertip

blocks a greater portion of light in the beam. The detection signals are

substantially smooth and robust for determining touch locations.

[00330] Reference is made to FIG. 97, which is a simplified graph of

detection signals from a diagonal wide beam as a fingertip moves across

the screen at three different locations, in accordance with an embodiment

of the present invention, FIG. 97 shows that touch detection remains

stable along depth of a wide beam, and varies only according to its

location across the width of the beam, as described hereinabove with

reference to FIG. 67.

[00331] Reference is made to FIG. 98, which is a simplified illustration of

a fírst embodiment for a touch screen surrounded with alternating

emitters and receivers/ whereby diagonal and orthogonal wide beams

crossing the screen are detected by one receiver, in accordance with an

embodiment of the present invention, FIG. 98 shows an embodiment

with an equal number of elements positioned along each screen edge.

Three beams t67 - 169 are shown for one receiver 3OO; namely, one

directed to an opposite emitter 20O and the other two directed to

emitters 2O1 and 2O2 on adjacent screen edges. The diagonal beams

generate two axes that are not perpendicular to one another.

[00332ì Reference is made to FIG. 99, which is a simplified illustration of

a second embodiment for a touch screen surrounded with alternating
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emitters and receivers, whereby diagonal and orthogonal wide beams

crossing the screen are detected by one receiver, in accordance with an

embodiment of the present invention. FIG. 99 shows an embodiment

with different numbers of elements positioned along adjacent screen

edges. Three beams L67 - 169 are shown for one receiver 3oo;

namely, one directed to an opposite em¡tter 2OO, and the other two

directed at substantially 45o angles to emitters 2O1 and 2O2, one of

which is on an opposite edge and another of which is positioned on an

adjacent edge. These diagonal beams generate two axes that are

perpendicular to one another.

Palm Rejection

t003331 When a user rests his hypothenar muscles, located on the side of

his palm beneath his little finger, on a touch screen when writing with a

stylus, ghosting generally occurs. This part of the palm blocks a large

area of the touch screen, and often blocks a series of light beams along

the screen's vertical axis, thereby hiding the stylus'touch position along

the vertical axis.

t003341 Reference is made to FIG. 1OO, which is a simplified illustration

of a user Writing on a pr¡or art touch screen with a stylus' Shown in FIG'

loo is a hand 93o holding a stylus 931, and drawing a line 932 on a

touch screen 8OO. The user's palm is resting on screen 8O0, blocking

two series of light beams depicted as dotted lines; namely, a series 113

along the screen's horizontal axis, and a series 114 along the screen's

vertical axis, The location of the stylus tip on the vertical axis is within

series 114. Beam 115 does detect the tip of the stylus, but it only

provides a horizontal axis location'

t003351 Embodiments of the present invention overcome the drawback

illustrated in FIG. 1OO. Reference is made to FIG. 1O1, which is a
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simplified illustration of light beams detecting location of a stylus when a

user's palm rests on a touch screen, in accordance with an embodiment

of the present invention. By providing two sets of detection axes;

namely, an orthogonal set and a diagonal set, a two-dimensional location

of a stylus is determined. FIG. 1O1 shows that beams 115 and 116

uniquely detect a stylus. Since each detection comprises overlapping

wide beams whose signals are interpolated, as described hereinabove,

the stylus position is determined with high precision, despite beams 115

and 116 not being perpendicular to one another. When the bottom of

the user's palm does not block diagonal beam 117, then beam 117 also

detects the stylus location separately from the palm. In such case,

beams 116 and LL7 are used to detect the stylus location. Alternatively,

all three detecting beams 115 - 117 may be used.

t003361 Another challenge with touch screens that support both stylus

and finger input arises when a user places his palm on the screen in order

to write with a stylus, and the initial contact between palm and screen is

misinterpreted as being a tap on an icon, in response to which the device

launches an unintended application whose icon was tapped, Once the

palm is resting on the screen, an area of contact is used to reject the

palm touch as a screen tap. Nevertheless, the initial contact may cover a

small surface area of the screen and thus be misinterpreted as a screen

tap.

[00337] According to embodiments of the present invention, light beams

above the screen are used to detect a palm as it approaches the screen.

In one embodiment this is accomplished by projecting light from each

emitter at several heights above the screen, as illustrated in FIG. 14

showing an approaching finger 9OO blocking beam 1O1 but not beam

LO2. In another embodiment, multiple layers of emitters and receivers

are arranged around the screen, and used to detect objects at different
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heights above the screen, as described herein with reference to a user

input gesture cavity and, in particular, with the cavity frame folded on top

of the screen.

t00333l Reference is made to FIG. 1O2, which is a simplified illustration

of a frame surrounding a touch screen, in accordance with an

embodiment of the present invention. FIG. 1O2 shows a frame 849

surrounding a touch screen, similar to frame 849 of FIG. 49. Two

stacked rows of emitters 2OO and receivers 3OO are provided in the

frame. when assembled together with a display in an electronic device,

the stacked rows of emitters and receivers are raised above the display

surface and provide object detection at two heights, namely, on the

screen by the lower row of emitters and receivers, and above the screen

by the upper row of emitters and receivers. when a user's palm begins

to touch the screen, a large palm area is detected hovering above the

screen. This enables the device to determine that a palm is approaching

the screen, and that any screen tap is inadvertent'

t003391 In another embodiment of the present invention, only one row of

emitters and receivers is provided for detecting a palm hovering above

the screen, and touches on the screen are detected by conventional

detection systems imposed on the display including inter alia capacitive or

resistive touch sensors.

t003401 According to an embodiment of the present invention, a user

interface disables screen taps for activating functions when a palm is

detected. when the palm is detected, the user interface is configured to

launch applications in response to a user touching an icon and gliding his

finger away from the touched location along the touch screen' Le', two

sets of user interface gestures are provided. When no palm is detected,

the first set of gestures is used. With the first set of gestures, a tap on

an icon activates an application or function associated with the icon'
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When a palm is detected hovering above the screen, the second set of

gestures is used. With the second set of gestures, the user is required to

touch an icon and then glide his finger away from the touch location along

the touch screen in order to activate the application or function

associated with the icon. In this way, the device does not launch an

unintended application when a user places his palm on the screen. The

second set of gestures does not disable activation of icons; it enables the

user to activate the application or function associated with the icon, if he

desires to do so, by a touch and glide gesture.

Situating Elements around Corners

t0034U Screen corners present several challenges for arranging emitters

and receivers. One challenge is that two emitters need to be placed in

the same location - one for each screen edge. The challenge is

complicated by the layout illustrated in FIG. 40, whereby the emitter and

receiver elements are positioned under the screen surface, and therefore

the rectangle formed by these elements is smaller than the frame of

lenses surrounding the screen. One approach to overcoming this

challenge is placement of two emitters at approximately the same

location on the PCB, with one of the emitters placed on the top surface of

the PCB and the other emitter placed on the bottom surface of the PCB.

However, this approach introduces complications with connectors and

positioning of optical elements,

Í003421 Another challenge is extending overlapping beams to the edges

of the screen. Although the emitters and receivers are underneath the

screen, touch detection covers the entire area bordered by the inner

edges of the optical elements that surround the screen.

t003431 Embodiments of the present invention provide arrangements

that are suitable for use with orthogonal and diagonal detection axes, as
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described hereinabove. Reference is made to FIG. 1O3, which is a

simplified illustration of a first embodiment of emitters, receivers and

optical elements for a corner of a touch Screen' in accordance with an

embodiment of the present invention. FIG. 1O3 shows a first corner

arrangement of emitter or receiver elements and their respective optical

elements. Receivers 3OO - 303 and emitters 2OO - 2O2 are arranged

alternatingly along two adjacent screen edges. Solid lines indicate light

beams from the emitters, and dashed lines indicate light beams arriving

at the receivers, Emitters and receivers 3OO, 2OO, 3O2, 2O2 and 3O3

are positioned according to a standard pitch, and optical elements 53O

are configured accordingly. Receiver 3O1 and emitter 201 are oriented

at an angle, and their wide beams are divided such that half of a beam

traverses the screen in a first direction, e.g., along the screen's vertical

axis, and the other half of the beam traverse the screen in a second

direction, e.g., along the screen's horizontal axis. Moreover, in

embodiments that include a second lens having three-sided cavities for

splitting beams, as described hereinabove, half of the wide beam is split

into a first pair of diagonal beams that originate along one screen edge,

and the other half of the beam is split into a second pair of diagonal

beams that originate along an adjacent screen edge. A hybrid optical

element 531 is provided in order to overlap beams for emitter 2O1 and

receiver 302. Optical element 531 is referred to as a "hybrid optical

element" because the right half of the element is the same as the right

half of element 53O, but a portion of the reflective or refractive facets on

the left half are directed at the non-standard location and orientation of

emitter 2Ot. Similarly, a hybrid optical element 532 is provided in order

to overlap beams for emitter 2OO and receiver 301. The lower half of

hybrid optical element 532 is similar to the left half of element 530.

Both halves of corner element 533 are uniquely configured; namely, the
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left half overlaps beams for emitter 2OL and receiver 3O1, and the right

half overlaps beams for emitter 2O1 and receiver 3O2. Both halves of

corner optical element 534 are also uniquely configured for emitters 2OO

and 2O1 and for receiver 3O1.

1003441 Reference is made to FIG. tO4, which is a simplified illustration

of a second embodiment of emitters, receivers and optical elements for a

corner of a touch screen, in accordance with an embodiment of the

present invention. FIG. 1O4 shows an alternative corner arrangement of

emitter or receiver elements and their respective optical elements. In the

arrangement shown in FIG. LO4, only one emitter 2O1 is placed at a

non-standard pitch and orientation. Standard optical elements 53O are

used together with hybrid optical elements 531 and 532 and unique

corner optical elements 533. Optical elements 531 - 533 are configured

for the emitter-receiver arrangement shown, and are therefore different

than elements 531 - 533 of FIG. 1O3.

Integrated Modules

t003451 In general, there is low tolerance for assembly errors for touch

systems using alternating reflective or refractive facets aimed at two foci.

An offset in placement of an emitter or a receiver causes it to be out of

the reflective facet's focus, which can degrade accuracy and performance

of such systems. In accordance with an embodiment of the present

invention, rigid modular blocks containing reflective or refractive facets

and an emitter or a receiver are prepared, in order to ensure the required

assembly precision. Such modular blocks are useful for simplifying the

process of integrating touch screen components, and for minimizing the

tolerance chain for a manufacturer. These modular blocks are formed so

as to be easily positioned together in a row along an edge of a display, for

fast assembly of a touch Screen. The high tolerance requirements of
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placing an emitter or receiver in exactly the correct position vis-à-vis the

reflective or refractive facets, are handled during manufacture of the

modular blocks, thus removing the burden of high precision assembly

from a device manufacturer.

t003461 Simplified manufacturing is achieved by integrating optical

elements and electronic components into a single unit. As such, complex

surfaces may be gathered into one component, thereby reducing the

need for high precision during assembly.

t003471 Reference is made to FIG. 1O5, which is an illustration of optical

components made of plastic material that is transparent to infrared light,

in accordance with an embodiment of the present invention. Shown in

FIG. 1O5 is an optical component 488 that includes a forward-facing LED

236, and electronics to handle the LED signal. Optical component 488 is

connected to electrical pads 76O and 761. Optical component 488 is

used to transmit collimated light beams from two emitters; namely,

emitter 235 and emitter 236. Emitter 235 is included in a neighboring

optical component 489. In the alternating emitter-receiver embodiment

described hereinabove, optical component 488 is used to transmit

collimated light beams for one emitter and one receiver. E.9.,

neighboring module 489 includes a receiver instead of emitter 235.

t0034sl Light beams from emitter 235 exit optical component 489

through a tight-fitting surface 49I, and enter optical component 488

through a tight-fitting surface 49O. FIG. 1O5 shows non-parallel light

beams from emitters 235 and 236 hitting alternating facets on a wave-

like multi-faceted reflective surface 493. Components 488 and 489 are

substantially identical, and fit together. A device manufacturer can thus

use these components as building blocks to create a touch screen, by

arranging a series of these building blocks in a row along each edge of

the display. Typical arrangements are (a) two adjacent display edges are
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lined with emitter components, and the other two edges are lined with

receiver components, and (b) all four display edges are lined with

alternating emitter/receiver components, i.e., each emitter has a

neighboring receiver. Indeed, the emitter and receiver components,

being of substantially identical shape, can be positioned together in the

same row.

t003491 An optical componenE 494 is similar to optical component 488,

except that an LÉD 237 is side-facing instead of forward-facing. FIG.

1O5 shows collimated light beams lOO exiting optical component 494.

Pins 989 and 99O guide optical component 494 on a printed circuit

board.

100350ì Optical component 495 is optical component 488 as viewed

from the front. FIG, 1O5 shows collimated light beams 1OO exiting

optical component 495.

t003511 Similar optical components (not shown) are also provided for

receiving light beams that traverse the screen surface. For these

components, the emitters are replaced by receivers, and the electrical

components handle the receiver Signals. Such optical components

receive collimated light beams, and direct the beams onto two different

receivers.

t003521 Reference is made to FIG, 106, which is a simplified diagram of

a S¡de view of a touch Screen with light guides, in accordance with an

embodiment of the present invention. Shown in FIG. 1O6 are a display

642, an optical element 496, a photo diode 394 within optical element

496, an optical element 497, and an emitter 238 within optical element

4g7. Optical elements 496 and 497 are connected to a printed circuit

board 762. Emitter 238 emits non-parallel light beams and, as described

hereinabove with reference to FIG. 1O5, the non-parallel beams are

converted into collimated beams, or substantially collimated beams,
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before exiting optical element 497. Another portion of the non-parallel

beams is collimated by a neighboring module, not shown in FIG. 1O5'

The beams lOO that exit optical element 497 are directed upwards and

are reflected over display 642 by a light guide 498. In an embodiment

of the present invention, three-way refracting cavities are etched, or

otherwise formed, on the lower surface of optical element 498 to refract

the light beams in three directions in order to provide two coordinate

systems for determining a touch location. The light beams lOO enter a

light guide 499 on the opposite side of screen 642, and are reflected

below display 642 into optícal element 496. In embodiments supporting

the two coordinate systems, the three-way refracting cavities are present

on the underside of optical element 499 as well. As described

hereinabove, optical element 496 and its neighboring optical element,

not shown, focus the incoming light beams on photo diode 394. In one

embodiment of the present invention, the light guides 498 and 499 are

constructed as a frame that surrounds display 642'

t003531 In the touch screen of FIG. 1O6, two types of light beam

redirection occur. A first redirection requires multiple facets directed at a

single focus point. A second redirection uniformly redirects incoming

beams at a 90o angle, or folds incoming light beams into a narrow waist

or focus, as described hereinabove with reference to configuration no' 4.

In some embodiments, the collimated beams are refracted in three

directions, in between the first and second redirections, by refracting

cav¡ties.

t003541 The first type of redirection requires that the emitter or receiver

be positioned at a specif¡c location relative to the focal point of many

facets. As such, the positioning of the emitter or receiver and its

reflective surfaces, is sensitive to variations in placement' Thus the

assembly of the emitter or receiver, together with its corresponding
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Surface of reflective facets, has a low tolerance of error. The second type

of redirection, involving reflection and, in some cases, uniform refraction

in three directions, is robust to variations in position of the reflector and

to the pattern of refracting cavities located in the light guide. Thus

assembly of this portion of the light guide has a high tolerance for error.

t003551 The light guides that reflect light above the screen surface may

be manufactured separately and assembled with other touch screen

components. Thus in FIG. 1O6 light guides 498 and 499 are shown

separate from optical elements 496 and 497.

t003561 Reference is made to FIG. LO7, which is an illustration of a

touch screen with a block of three optical components on each side, in

accordance with an embodiment of the present invention. Blocks 5O0

and 501 are emitters, and blocks 502 and 5O3 are receivers. The blocks

create an active area 991, where an x-y touch position of a stylus or

finger may be calculated based on detected blocked light. Adding more

optical components of the same type to each block serves to enlarge the

active area that is created.

t003571 Reference is made to FIG. 108, which is a magnified illustration

of one of the emitter blocks of FIG. LO7, in accordance with an

embodiment of the present invention. Shown in FIG. 1O8 are three

emitters 239,24O and 24L, that emit respective wide beams 167, 168

and 169 from one edge of a screen, which are read as respective signals

L7O, L7L and L72. The signal gradients are indicated by their diagonal

orientations. At the opposite edge of the screen, signals L7O,171 and

1-72 are each redirected onLo respective receivers by respective optical

components. An accurate position of an object, such as a finger or stylus,

touching the screen, is then determined based on values of blocked light

at the receivers, as described hereinbelow.
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Touch Screen System Configuration No. 6

t003581 Configuration no. 6 uses a reduced number of components by

coupling an emitter or a receiver to one end of a long thin light guide

situated along an edge of the screen. Such a light guide is described in

U,S. Patent No. 7,333,O95 entitled ILLUMINATION FOR OPTICAL TOUCH

PANEL.

t003591 Reference is made to FIG. 1O9, which is an illustration of a

touch screen having a long thin light guide 514 along a first edge of the

Screen, for directing light over the Screen, and having an array of light

rece¡vers 3OO arranged along an opposite edge of the screen for

detecting the directed light, and for communicating detected light values

to a calculating unit 77O, in accordance with an embodiment of the

present invention. Light emitters 2OO are coupled to both ends of light

guide 5L4. Light guide 514 is positioned along one edge of a touch

screen 8OO. Light is emitted into light guide 514 along a screen edge,

and is re-directed across the screen surface by a reflector 515. A

plurality of receivers 3OO is situated along the opposite edge of touch

screen 8OO, to enable multiple receivers to detect a touch, as described

hereinabove with reference to configuration nos. 2 and 3.

t003601 Reference is made to FIG. 110, which is an illustration of a

touch screen having an array of light emitters 2OO along a first edge of

the screen for directing light beamS over the screen, and having a long

thin light guide 5L4 for receiving the directed light beams and for further

directing them to light receivers 3OO situated at both ends of light guide

5I4, in accordance with an embodiment of the present invention.

Detected light values at receiver 3OO are communicated to a calculating

unit (not shown). According to another embodiment of the present

invention, only one light receiver 3OO is coupled to one end of light guide

5L4, Light guide 514 is positioned along one edge of a touch screen
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8OO. A plurality of emitters is situated along the opposite edge of the

touch screen, to enable receiver(s) 3OO to detect a touch based on serial

activation of multiple emitters, as described hereinabove with reference

to configuration nos. 2 and 3. Light emitted across the screen surface is

re-directed by a reflector 515. Light is received into light guide 514

along the screen edge and is directed through the length of light guide

514 onto a receiver 3OO.

t0036U Reference is made to FIG. 111, which is an illustration of two

light emitters, 2O1 and 2O2, each emitter coupled to an end of a long

thin light guide 5l.4, in accordance with an embodiment of the present

invention. Light guide 514 is positioned along one edge of a touch

screen. Light lOO is emitted into light guide 514 along a screen edge,

and is re-directed across the screen surface by a reflector 515. A

plurality of receivers is situated along the opposite edge of the touch

screen, to enable multiple receivers to detect a touch, as described

hereinabove with reference to configuration nos. 2 and 3. Each emitter

2O1 and 2O2 is activated separately, and the receivers thus detect a

touch based on blocked light from each of the two emitters. The amount

of light 1OO emitted at any given location along the length of the light

guide decreases as a function of the distance between the location and

the emitter. As such, different amounts of detected light from each

emitter 201 and 2O2 are used to calculate the precise location of a

touch, as described hereinabove with reference to configuration nos. 2

and 3.

t003ó21 Embodiments of the present invention improve upon the light

guide of U.S. Patent No. 7,333,095, by etching or otherwise forming

micro patterns 516 on the outer surface of the light guide, in order to

widely refract outgoing light beams 1O1 of FIG. 109, or incoming light

beams LO2 of FIG. 96, as described hereinabove with reference to
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configuration nos. 2 and 3. Micro patterns 516 are a uniform

substantially parallel pattern of grooves along light guide 514, and are

simpler to form than the fan pattern described hereinabove with

reference to configuration no. 2. Light guide 514 also includes a light

scatterer strip 517 inside of light guide 5L4. Micro patterns 516 and

light scatterer strip 517 appear in FIGS. 1O9 and 110.

Touch Screen System Configuration No. 7

t003631 Configuration no. 7 enables detecting pressure on a touch

screen, as applied during a touch operation. Detecting pressure enables

discrimination between a light touch and a hard press, and is useful for

user interfaces that associate separate actions to a touch and a press.

E.9., a user may select a button or icon by touching it, and activate the

function associated with the button or icon by pressing on it. Such a user

inteface is described in applicants'co-pending U,S. Application No,

L2/486,O33, entitled USER INTERFACE FOR MOBILE COMPUTER UNIT.

1003641 In some embodiments of the present invention, a touch enabled

device includes a base plane, such as a PCB, a light guide frame rigidly

mounted on the base plane, and a resilient member attached to the base

plane to suspend or "float" a non-rigidly mounted touch screen inside the

light guide frame. A press on the touch screen deflects the floating touch

screen along a z-axis, exposing more of the light guide frame. A light

guide frame reflector, which directs light over the screen as described

hereinabove, is formed so that the exposure allows more light to traverse

the screen. In this way, when a hard press on the screen occurs, many

of the receivers detect a sudden increase in detected light. Moreover,

detection of a hard press may be conditioned upon a touch being

detected at the same time, thus preventing false detection of a hard

press due to a sudden increase in ambient light, When the downward
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pressure is released, the resilient member returns the screen to its

original position within the light guide frame.

t003651 Reference is made to FIGS. LLz - 115, which are illustrations

of a touch screen 8OO that detects occurrence of a hard press, in

accordance with an embodiment of the present invention. FIG. 112

shows touch screen 8OO in rest position, screen 8OO being supported by

resilient supporting members 841 and 842 that create a flex air gap

843, which are mounted on a printed circuit board 7OO. FIG. 112 shows

two light guides, 518 and 519, one on either side of screen 8OO, for

directing light lOO from an emitter 2OO over screen 80O to a receiver

3OO. Only a small upper portion of each light guide 518 and 519

extends above screen 8O0. Receiver 3OO communicates detected light

intensities to a calculating unit (not shown).

t003661 FIG. 113 shows a finger 9OO pressing down on the screen/

causing members 841 and 842 to compress and to narrow flex air gap

843. As a result, a larger portion of light guides 518 and 519 is exposed

above screen 80O, thus allowing (a) more light lOO from emitter 2OO to

traverse screen 8OO and be detected by receiver 3OO, and (b) more

ambient light 101 to reach receiver 3O0. In various embodiments, either

or both of these increases in detected light are used to indicate a hard

press. In other embodiments, the amount of downward pressure applied

is determined based on the amount of additional detected light, thus

enabling discrimination between more hard and less hard touches.

t003671 In some embodiments, the light guide frame includes protruding

lips 52O and 521, shown in FIG. 114, that extend over the edges of

screen 8OO, to counter balance the upward force of resilient members

841 and 842 when no downward pressure is applied to screen 80O.

Resilient members 841 and 842 may comprise inter alia a flexible
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mount¡ng material, a torsion spring, an elastic polymer body, or a

hydraulic Suspension System. FIG. 115 shows emitters 2OO, receivers

3OO coupled with calculating unit 77O, and resilient members 841 and

842 arranged on a single PCB 7OO'

t0036Sl In other embodiments, the touch screen is not displaceable

relative to the frame. However, the screen flexes or bends somewhat in

response to a hard press. The bending of the screen cauSeS a sudden

increase in detected light in many of the receivers, indicating a hard press

on the screen. As indicated hereinabove, detection of a hard press may

be conditioned upon a touch also being detected at the same time, thus

preventing false detection of a hard press in response to trauma to the

device.

t003691 Reference is made to FIGS. 116 and IL7, which are barcharts

showing increase in light detected, when pressure is applied to a rigidly

mounted 7-inch LCD screen, in accordance with an embodiment of the

present invention. The bar charts show the amount of light detected from

each emitter along one edge of the screen when a soft touch occurs (FIG.

116), and when a hard touch occurs (FIG. LL7). The light emitters and

light,receivers are shift-aligned, so that light from each emitter is

detected by two receivers. As such, two bars are shown for each emitter,

indicating the light detected by each of the two receivers. Both bars

indicate that a touch is detected at receivers opposite LED 4, where no

light is detected. The bar charts show that more light is detected from

neighboring emitters in the case of a hard touch, than in the case of a

soft touch.

Touch Screen System Configuration No. I

t003701 Configuration no. I provides a touch screen with at least one

camera positioned under the screen surface, to capture an image of the
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screen surface and of a po¡nter, or a plurality of pointers, touching the

screen surface. In some embodiments of the present invention, the

screen pixels include light sensors, each of which generates a pixel of an

image of the underside of the screen glass, the image being referred to

herein as the "screen glass image".

t003711 As described hereinbelow, methods according to embodiments of

the present invention determine precise touch coordinates using spatial

and temporal filters. Application of these methods to configuration no. 8

yields sub-pixel precision for touch coordinates.

1003721 Pixels in the screen glass image at the center of a touch location

are generally completely blocked; i.e., the level of light detected at each

such pixel is below a designated threshold, indicating that the pixel is

occluded by a touch object. Pixels in the screen glass image along the

edges of a touch location are generally only partially blocked; i'e., the

level of light detected at each such pixel is above the designated

threshold, indicating that the pixel is only partially occluded by the touch

object.

t003731 A calculating unit that receives the screen glass image data

assigns a relative weight to each pixel coordinate, based on a touch

detection intensity associated with that pixel, as indicated by the pixel's

value. The calculating unit further interpolates the pixel coordinates,

based on their associated weights, to determine a touch coordinate. In

some embodiments, the calculating unit calculates a touch area having a

perimeter, wherein the edges of the touch area are calculated on a sub-

pixel level based on the above interpolations, The temporal filters

described hereinbelow are applied inter alia when a series of connected

touches is concatenated into a glide movement over a time duration.

t003741 Reference is made to FIG. 118, which is a simplified diagram of

an image sensor 844 positioned beneath a screen glass display 635, to
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capture an image of the underside of the Screen glass and of touches

made thereon, in accordance with an embodiment of the present

invention. The captured image data is transmitted to a calculating unit

77O for analysis.

t003751 Reference is made to FIG. 119, which is a simplified diagram of

a display 635 divided into pixels, and three touch detections 906 - 908,

in accordance with an embodiment of the present invention. It is noted

that edges of each of the touch detections cover respective portions of

pixels. The weighted pixel coordinate interpolations described

hereinabove are used to identify touch coordinates, such as coordinates

for touches 9OG and 9O7, and the contours of touch areas, such as the

contours of areas 9O7 and 9O8. In some embodiments of the present

invention, the interpolations include fully occluded pixels. In other

embodiments of the present invention, the interpolations include only

partially occluded pixels.

Touch Screen System Configuration No' 9

t003761 Configuration no. 9 provides a touch screen with means to

determine a three-dimensional position of a pointer relative to the touch

Screen. In this configuration, a low cost touch Screen uSeS cameras to

determine depth information. One or more cameras are mounted on a

side of the touch Screen, So aS to capture a mirrored image of an active

touch area, and the mirrored image is processed to determine a height of

the pointer above the touch screen. The present invention may be

embodied on an arbitrary size touch Screen having a glossy surface.

t003771 Reference is made to FIG, L2O, which is a simplified diagram of

a camera sensor 844 positioned on a hinge 77L of a laptop computer

848, and pointing at a Screen 643, in accordance with an embodiment of

the present invention.
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t0037Sl Reference is made to FIG. L2L, which is a simplified side view

diagram showing a camera 844 viewing a touch area 992, in accordance

with an embodiment of the present invention.

t003791 Reference is made to FIG. L22, which is a simplified top view

diagram showing a camera 844 viewing a touch area 992, in accordance

with an embodiment of the present invention, The broken lines in FIG.

122 indicate the volume of space captured by camera 844.

t003S0l Reference is made to FIG. 7,23, which is a simplified diagram of

a camera 844 viewing a touch area 992, and two image axes' an image

x-axis and an image y-axis, for locating a touch pointer based on an

image captured by camera 844, in accordance with an embodiment of

the present invention. Reference is also made to FIG. L24, which is a

simplified diagram of a camera 844 viewing a touch area 992, and two

Screen aXeS, a Sçreen x-axiS and a Sçreen y-axiS, fOr lOCating a touCh

pointer based on an image captured by camera 844, in accordance with

an embodiment of the present invention. The screen surface along the

line of vision captured by camera 844 is oriented along the image y-axis.

The image x-axis is perpendicular to the image y-axis along the plane of

the touch screen surface. In order to distinguish these axes from the

Screen axes that run parallel to the Screen edges, the former axes are

referred tO herein aS "image aXeS", and the latter aXeS are referred to

herein AS "Screen axes". Touch COordinateS relative tO the image axes

may be transformed to screen axis coordinates.

I003Sll The image captured by camera 844 generally includes both a

pointer, and a reflection of the pointer on the surface of the touch screen.

Based on the locations of the pointer and its reflection within the captured

image, the pointer position may be determined when the pointer is

positioned on the screen, or even above the screen, When the pointer

touches the screen, the pointer and its reflection in the captured image
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are tangent to one another, as illustrated in FIGS. l.29 ' 131. When the

pointer is above the screen, the pointer and its reflection in the captured

image are separated apart from one another, as illustrated in FIG. L32.

t00382l It will be appreciated by those skilled in the art that the captured

image may be analyzed relative to an x-axis along the bottom edge of the

image, and a y-axis in the screen surface along the camera's line of

vision. When the pointer is touching the screen, the pointer's x- and y-

coordinates may be determined by projecting the position of a pointer in

the captured image along the x- and y-axes.

l003S3l When the pointer is positioned above the screen, not touching

the screen, the pointer's x-coordinate may be determined as above;

namely, by projecting the position of the pointer in the captured image

along the x-axis. To determine, the pointer's y-coordinate an appropriate

location is selected along the line joining the positions of the pointer and

the reflected pointer in the captured image, and the position of the

location is projected along the y-axis. In some instances, the appropriate

location is the mid-point of the line joining the positions of the pointer

and the reflected pointer. In other instances, the appropriate location is

based upon the azimuthal angle at which the camera is orientated relative

to the screen surface.

t003S4l It will be appreciated by those skilled in the art that the height of

the pointer above the screen surface may be determined based upon the

distance between the pointer and the pointer's reflection in the captured

image.

l003S5l Use of multiple cameras provides additional information, such as

multi-touch information and stylus information that may be obscured by a

hand. Reference is made to FIGS. L25 and L26, which are simplified

diagrams of two cameras, 844 and 845, each capturing a touch area

992 from different angles, in accordance with an embodiment of the
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present invention. Each camera has a respective set of image axes, aS

shown in FIG. L26. Reference is made to FIG. I27, which is a simplified

diagram of four cameras, 844 - 847, each capturing a touch area 992

from different angles, in accordance with an embodiment of the present

invention.

t003S6l Reference is made to FIG. 128, which is a simplified diagram,

from a camera viewpoint, of a camera 844 viewing a complete touch area

gg2, in accordance with an embodiment of the present invention. Shown

in FIG. 128 are the image x- and y- axes, for images captured by

camera 844.

t003S7l Reference is made to FIG. L29, which is a simplified diagram of

a portion of a touch area 992 showing a stylus 9O3 and a mirror image

645 of the stylus, which are tangent to one another, in accordance with

an embodiment of the present invention. The image x- and y-coordinates

of stylus 9O3 are determined by projecting the position of stylus 9O3

onto the image x- and y-axes. To assist with the projection, a centerline

996 between stylus 9O3 and its mirror image 645 is used.

l003SSÌ Reference is made to FIG. 13O, which is a simplified diagram

showing a stylus 9O3 and a mirror image 645 of the stylus, moved closer

to the center of a touch area 992, vis-à-vis FIG. 129, in accordance with

an embodiment of the present invention, Again, the image x- and y-

coordinates of stylus 9O3 are determined by projecting the position of

stylus 903 onto the image x- and y-axes. To assist with the projection, a

centerline 997 between stylus 9O3 and its mirror image 645 is used'

f003S9ì Reference is made to FIG. 131, which is a simplified diagram

showing a stylus 9O3 and a mirror image 645 of the stylus, moved closer

to the bottom of a touch area 992, vis-à-vis FIG. 129, in accordance

with an embodiment of the present invention. Again, the image x- and y-

coordinates of stylus 9O3 are determined by projecting the position of
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stylus 9O3 onto the image x- and y-axes. To assist with the projection, a

centerline 998 between stylus 9O3 and its mirror image 645 is used.

t003901 Reference is made to FIG. 1,32, which is a simplified diagram

showing a stylus 903 and a mirror image 645 of the stylus, separated

apart from one another, in accordance with an embodiment of the

present invention. The distance between stylus 903 and mirror image

645 may be used to determine the height of stylus 9O3 above touch area

992. A centerline 999 between stylus 9O3 and mirror image 645 is

used as an assist to determine the image y-coordinate of stylus 9O3,

t0039U In accordance with an embodiment of the present invention,

stylus 9O3 in FIGS. L29 - 132 is a blunt-edged stylus. A blunt-edged

stylus is of advantage, as its relatively large head is easy to detect by

image processing. A blunt-edged stylus is also of advantage in

configurations nos. 2 - 6, as its relatively large head blocks more light

than does a sharp-pointed stylus.

t003921 Reference is made to FIG. 133, which is a simplified flowchatt of

a method for determining a three-dimensional pointer location, in

accordance with an embodiment of the present invention. At operation

1O11, an image of a screen surface is captured, The image includes a

pointer, and a reflection of the pointer on the screen surface, as described

hereinabove with reference to FIGS. L29 - t32. At operation 1012, the

pointer locatíon along a first screen axis is determined, corresponding to

the location of the pointer in the image along that axis, as illustrated by

the x-coordinates shown in FIGS. L29 - 132 that correspond to the

locations of the stylus in the respective images. At operation 1013 the

pointer location along a second screen axis is determined, corresponding

to a line running through the mid-point between the locations of the

pointer and its reflection, as illustrated by centerlines 996 - 999 in

FIGS. L29 - L32. At operation 1O14, the height of the pointer above
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the screen is determined, based on the distance between the pointer and

its reflection in the captured image.

t003931 When the camera position is known or fixed, relative to the

screen, as is the case inter alia when the screen is manufactured with the

camera rigidly mounted, the image-to-screen transformation, from image

coordinates to screen coordinates, may be determined. When the

position of the camera relative to the Screen is unknown, such as is the

case inter alia if the camera is mounted manually by a user, then in order

to determine the image-to-Screen transformation a procedure to

determine camera orientation is required. One such procedure is to

display a series of touch icons on the screen at known screen coordinates.

Reference is made to FIG. L34, which is a simplified diagram of a touch

area 992 that displays six touch icons 965 - 97O, used for determining a

camera orientation, in accordance with an embodiment of the present

invention. Camera 844is aimed at the touch area to capture touch

events. A user is instructed to touch the various icons. In some

embodiments, each icon is displayed individually one at a time. When the

user touches an icon, the image coordinates of the touch are determined,

and matched with the known screen coordinates of the icon. Successive

matched pairs of image coordinates and screen coordinates are used to

determine the image-to-screen transformation. In an embodiment of the

present invention, the event that a user touches an icon is recognized

from a captured image when the pointer is tangent to its reflection, as

described hereinabove.

Operation of Configurations Nos. 2 and 3

t003941 The following discussion relates to methods of operation for

arrangements of the optical elements shown in configurations nos. 2 and

3, around a touch Screen, to achieve accurate touch detection, These
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methods are of advantage for pen and stylus support, which have fine

touch points, and provide highly accurate touch location determination for

single-finger and multi-finger touches as well.

t003951 Reference is made to FIGS. 135 and 136, which are illustrations

of opposing rows of emitter lenses and receiver lenses in a touch screen

system, in accordance with an embodiment of the present invention.

Positioned behind each emitter and receiver lens is a corresponding

respective light emitter 2OO or light receiver 3OO. As shown in FIG.

135, each emitter 2OO is positioned opposite two receivers 3OO that

detect light beams emitted by the emitter. Similarly, each receiver 3O0

is positioned opposite two emitters 2OO, and receives light beams

emitted from both emitters.

t003961 FIG. 135 shows (A) a single, full beam 173 from an emitter

2OO that spans two receivers 3OO; (B) the portion of the full beam,

designated 174, detected by the left one of the two receivers 3OO; (C)

the portion of the full beam, designated 175, detected by the right one of

the two receivers 3OO; (D) multiple beams L76, for multiple emitters

2OO, covering the touch screen, and (E) multiple beams L77, for

multiple emitters 20O, covering the touch screen. Generally, each

emitter 2OO is activated alone. Precislon touch detection is described

hereinbelow, wherein a touch point is detected by multiple beams. It

will be appreciated from (D) and (E) that points on the screen are

detected by at least one beam 176 and one beam 177.

t003971 To conserve power, when the touch screen is idle only one set of

beams, namely, beams L76 or beams L77, is scanned in a scanning

sweep, and only for the axis with the smallest number of emitters 2O0.

The scanning toggles between beams L76 and beams L77, and thus two

scanning sweeps along the axis activate every emitter-receiver pair along

the axis. The other axis, with the larger number of emitters, is only
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scanned when either a touch is present, or when a signal differs from its

reference value by more than an expected noise level, or when an update

of reference values for either axis is being performed. Reference values

are described in detail hereinbelow.

t00393l FIG. 136 shows (A) an emitter 2O1 sending light to a receiver

3O1 at an angle of 15o to the left; (B) emitter 2O1 sending light to a

receiver 302 at an angle of 15o to the right; (C) emitter 2O2 sending

light to receiver 3O2 at an angle of 15o to the left; and (D) a

microstructure refracting incoming light. The emitter lenses and receiver

lenses shown in FIG. 136 are equipped with the microstructure shown in

(D), in order (¡) to emit light in both left and right directions from

multiple locations along the emitter lens surface, and (ii) to ensure that

light received at any angle of incidence at any location along the receiver

lens surface is detected by the receiver,

t003991 Reference is made to FIG. L37, which is a simplified illustration

of a technique for detecting a touch location, by a plurality of emitter-

receiver pairs in a touch screen system, in accordance with an

embodiment of the present invention. Shown in FIG. L37 is an optical

emitter lens 5O6 of width k, positioned opposite two optical receiver

lenses 5O8 and 5O9, each of width k, on a touch screen. A pointer, 9OO,

touching the screen blocks a portion of the light beam emitted from

optical emitter lens 506. Optical emitter lens 5O6 emits overlapping

beams that cover both optical receiver lenses 5O8 and 5O9. The spread

angle of the wide beam depends on the screen dimensions, and on the

lens width, k, along the x-axis. Another optical emitter lens 507 is also

shown, shifted by half an element width, m, below an optical receiver

lens 510.

t004001 In accordance with an embodiment of the present invention, at

least one surface of optical emitter lens 506 is textured with a plurality of
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ridges. Each ridge spreads a beam of light that spans the two opposing

receiver lenses 5O8 and 509. As such, light from each of many points

along the surface of optical emitter lens 506 reaches both opposing

receiver lenses 5OB and 5O9, and the light beams detected by adjacent

receivers overlap. In configurat¡on no. 2 these ridges form a feather

pattern, and in configuration no. 3 these ridges form a tubular pattern.

t0040ll In accordance with an embodiment of the present invention, the

ridges form micro-lenses, each having a pitch of roughly O'2 - 0'5 mm,

depending on the touch screen configuration. In the case of a feather

pattern, the ridges form a fan, and their pitch narrows as the ridges

progress inward and become closer together. In the case of a tubular

pattern, the pitch of each micro-lens remains constant along the length of

the micro-lens.

t004021 At least one surface of each receiver lens 5O8 and 5O9 is

similarly textured, in order that at least a portion of light arriving at each

of many points along the receiver lens surface, arrive at the receiver

photo diode.

t004031 In accordance with an embodiment of the present invention, the

output x and y coordinates are filtered temporally and spatially. The

following discussion relates to determination of the x-coordinate, and it

will be appreciated by those skilled in the art that the same method

applies to determination of the y-coordinate,

t004041 Configurations nos. 2 and 3 show that a touch location is

detected by at least two emitter-receiver pairs. FIG. 137 shows two

such emitter-receiver pairs, 506-508 and 5O6-509, detecting a touch

location of object 9OO along the x-axis. In FIG. L37, beams 506-508

are denoted by beam L78, and beams 5O6-509 are denoted by beam

L79. FIG. 137 shows three detection areas; namely,(i) the screen area

detected by emitter-receiver pair 506-508, drawn as a wedge filled with
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right-sloping lines, (ii) the screen area detected by emitter-receiver 506-

5O9, drawn as a wedge with left-sloping lines, and (iii) the screen area

detected by both emitter-receiver pairs 506-508 and 506-509, drawn as

a wedge with a crosshatch pattern. The left and right borders of this

third screen area are shown as lines Xr and X2, r€spectively.

t004051 In order to determine the x-coordinate Xo of object 9OO's touch

location (Xp, Yp), an initial y-coordinate, Y¡¡¡¡¡¿¡, is determined

corresponding to the location along the y-axis of the emitter-receiver pair

having the maximum touch detection signal among all emitter-receiver

pairs along the y-axis. In FIG. L37, this emitter-receive pair is 5O7'

510. The lines designated Xr and Xz in FIG. l.37 are then traversed until

they intersect the line y = Yin¡tiut at locations (Xu,Y¡nit¡ur) and (Xp, Y¡n¡tiul).

Coordinates Xu and Xo are shown in FIG. 1,37. The x-coordinate of object

90O is then determined using the weighted average

Xp: (WuX¿+W5Xù/(Wu+Wo), e)
where the weights Wu and W¡ are normalized signal differences for beam

178 and beam L79, respectively. The signal difference used is the

difference between a baseline, or expected, light value and the actual

detected light value. Such difference indicates that an object is touching

the screen, blocking a portion of the expected light. The weights Wu and

W5 êre normalized because the detection signal of a touch occurring near

the row of emitters is different from a touch occurring near the row of

receivers, as described hereinbelow with reference to FIGS. L43 - 150.

A touch screen design is tested to determine different signal strength and

attenuation patterns aS an object croSSeS a beam at various portions

along the length of the beam. Different scenarios are tested, e.9', â

scenario for objects near the beam's emitter, a scenario for objects near

the beam's receiver, and a scenario for objects in the middle of the

screen. When a touch is detected, the detection pattern of detecting
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receivers is analyzed to select an appropriate scenario, and the signals

are normalized according to the selected scenario. Calibration and

further normalization of the weights is described hereinbelow. A similar

weighted average is used to determine the y-coordinate Yp.

t004061 If the pointer 9OO is detected by more than two emitter-receiver

pairs, then the above weighted average is generalized to

Xp = Z(Wn Xn) / (I Wn) , (3)

where the weights Wn are normalized signal differences, and the Xn are

weight positions.

t004071 In one embodiment of the present invention, where the pointer

9OO is a small object, the largest signal difference is used in conjunction

with the two closest signals to calculate the position. This compensates

for the fact that the signal differences for small objects are small, and

noise thus becomes a dominant error factor. Use of the two closest

signals reduces error due to noise. In another embodiment of the

present invention, only the two largest signal differences are used.

t0040Sl Reference is made to FIG. 138, which is an illustration of a light

guide frame for the configuration of FIGS. 135 and 136, in accordance

with an embodiment of the present invention. Shown in FIG. 138 are

four edges of a light guide frame, with optical emitter lenses 511 and

optical receiver lenses 5L2. It is noted that the inner edges of the frame

are not completely covered by beams 182. As such, in some

embodiments of the present invention only an inner touch area 993,

indicated by the dashed rectangle, is used.

t004091 To reduce error due to signal noise, the final coordinate is

determined as the output of a temporal filter, using the spatially filtered

current coordinate value, determined as above, and a previous coordinate

value. The higher the filter weight given to the current x-coordinate, the

closer the output will be to that value, and the less will be the impact of
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the filter. Generally, use of substantially equal weights for both

coordinate values results in a strong filter. In one embodiment of the

present invention, the temporal filter is a low-pass filter, but other filters

are also contemplated by the present invention. In accordance with an

embodiment of the present invention, different pre-designated filter

weight coefficients may be used in different cases. In an alternative

embodiment, the filter weight coefficients are calculated as needed.

t004101 Choice of appropriate filter coefficients is based on scanning

frequency, the speed at which a touch object is moving across the screen,

whether the object motion is along a straight line or not, and the size of

the touch object.

t004l| Generally, the higher the scanning frequency, the nearer the

current coordinate value is to the previous coordinate value, and a

stronger filter is used. Scanning frequency is used to estimate the speed

and direction of movement of an object. Based on the scanning

frequency, a threshold distance is assigned to two input values, the

threshold indicating fast movement. If the difference between the

current and previous coordinate values is greater than the threshold

distance, a weaker filter is used so that the output coordinate not lag

considerably behind the actual touch location. It has been found by

experiment that the filter

output val L/LO * previous-vaf + g/IO * current val (4)

provides good results in this case. In addition, the lag value, described

hereinbelow, is reset to equal the output value in this case'

t004121 If the difference between the current and previous coordinate

values is less than the threshold distance, then a lag value is determined.

The lag value indicates speed and direction along an axis. In has been

found by experiment that the value

lag : 5/6 * lag + f/6 * curLeut val (5)
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provides good results in this case. The filter weight coefficients are

selected based on the difference between the lag value and the current

coordinate value. Generally, the greater this difference, which indicates

either fast motion or sudden change in direction, the weaker the filter.

1004131 For example, if the touch object is stationary, the lag value

eventually is approximately equal to the current coordinate value. In

such case, signal noise may cause small differences in the spatially

calculated touch position, which in turn may cause a disturbing jitter

effect; i.e., the touch screen would show the object jittering. Use of a

strong temporal filter substantially dampens such jittering.

t004141 If the touch object is moving fast or makes a sudden change in

direction, a strong temporal filter may create a perceptible lag between

the actual touch location and the displayed touch location. In the case of

a person writing with a stylus, the written line may lag behind the stylus.

In such cases, use of a weak temporal filter reduces such lagging.

t004151 When the touch object covers a relatively large screen area,

such as a finger or other blunt object touching the screen, the lag

between the actual finger motion and the displayed trace of the motion is

less perceptible, because the finger covers the area of the lag. In such

case, a different temporal filter is used.

t004l6l The type of object, finger vs. stylus, being used may be inferred

by knowing expected user behavior; €.9., ê user interface intended for

finger touch assumes a finger being used. The type of object may also be

inferred by the shadowed area created by the object. The size of the

touch area as determined based on shadowed emitter signals, is therefore

also a factor used in selecting temporal filter weight coefficients.

t004l7l Reference is made to FIG. L39, which is a simplified flowchart of

a method for touch detection for a light-based touch screen, in

accordance with an embodiment of the present invention. At operation
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LO2L, a current coordinate value is received, based on a spatial filter that

processes signals from multiple emitter-receiver pairs. A threshold

distance is provided, based on a scan frequency. At operation 1022, the

difference between the current coordinate value and a previous

coordinate value is compared to the threshold distance. If the difference

is less than or equal to the threshold distance, then at operation 1023 a

new lag value is calculated, as ¡n EQ. (5). At operation f.024 temporal

filter weight coefficients are determined based on the difference between

the current coordinate value and the lag value. At operation 1O25, the

temporal filter is applied to calculate an output coordinate value, as in

EQ. (4).

t0041Sl If, at operation l-O22, the difference between the current

coordinate value and previous coordinate value is greater than the

threshold distance, then weak filter weight coefficients are selected at

operation 1026. At operation LO27, the temporal filter is applied to

calculate an output coordinate value, as in EQ. (4). At operation 1O28

the lag value is set to the output coordinate value.

100419ì ' Embodiments of the present invention provide a method and

apparatus for detecting a multi-touch operation whereby two touches

occur simultaneously at two corners of a touch Screen. An example of

such a multi-touch is a rotation gesture, shown ín FIGS. L4O - L42,

whereby a user places two fingers 9OO on a Screen 8OO and turns them

around an axis. As pointed out hereinabove with reference to FIGS. I
and 9, it is difficult for a light-based system to discriminate between a

top-left & bottom-right touch vs. a bottom-left & top-right touch. Use of

shift-aligned emitters and receivers enables such discrimination, as

described hereinbelow.

t004201 In accordance with an embodiment of the present invention,

data from receivers along a first axis is used to determine a touch
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location along two axes. Reference is made to FIGS. 143 - L46, which

are illustrations of a finger 9OO touch event at various locations on a

touch Screen, and corresponding FIGS. 147 - 15O, which are respective

bar charts of light saturation during the touch events, in accordance with

an embodiment of the present invention. FIG. 143 shows a touch

located near a row of emitters, between two emitters. FIG. L44 shows a

touch located near a row of receivers, blocking a receiver. FIG. 145

shows a touch located near a row of emitters, blocking an emitter. FIG.

146 shows a touch located near a row of receivers, between two

receivers.

t00421ì FIGS. L47 - 15O each include two bar charts; namely, an upper

chart showing light saturation at receivers along an x-axis, and a lower

chart showing light saturation at receivers along a y-axis. Each row of

receivers is shift-aligned with an opposite row of em¡tters. As such, each

emitter is detected by two receivers. Correspondingly, FIGS. t47 - LsO

show two bars for each emitter, one bar per receiver.

I004z2l FIGS. L47 - 15O exhibit four distinct detection patterns. FIG.

147 shows an absence of light detected primarily by one receiver from its

two respective emitters. The absence of light is moderate. FIG. 148

shows an absence of light detected primarily by one receiver from its two

respective emitters. The absence of light is large, FIG. 149 shows two

adjacent receivers detecting a large absence of expected light from the

blocked emitter. Both receivers detect some light from neighboring

elements. FIG. 15O shows two adjacent receivers detecting a moderate

absence of expected light from the blocked emitter. Both receivers detect

some light from neighboring emitters. TABLE III summarizes these

different patterns.
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TABLE III: Patterns of touch detection based on proximity to and
aliqnment with emitters and receivers

Pattern No.
FIGS.

Touch Location No, of Receivers
Detecting the
Touch

Amount of
Expected Light
that is Blocked

1

FIG. 143
FTG. L47

Near a row of
emitters, between
two emitters

1 Moderate

2
FtG. t44
FIG. 148

Near a row of
receivers, blocking
a receiver

1 Large

3
FIG. 145
FIG. 149

Near a row of
emitters, blocking
an emitter

2 Large

4
FIG. 146
FIG. 15O

Near a row of
receivers, between
two receivers

2 Moderate

t004231 According to an embodiment of the present invention,

determination of location of a multi-touch is based on the patterns

indicated in TABLE IIL Thus, referring back to FIG. L4L, four detection

points are shown along two rows of receivers. Detections D1 - D4 detect

touch points 97t in upper-right & lower-left corners of the screen. Based

on whether the detection pattern of each point is of type 1 or 3, or of

type 2 or 4, the detection patterns determine whether the corresponding

touch is closer to the emitters, or closer to the receivers, Each touch has

two independent indicators; namely, the X-axis detectors, and the Y-axis

detectors. Thus, for detection points 97L in FIG. 141, detections D1

and D3 are of types 2or 4, and detections D2 and D4 are of types 1or

3. In distinction, for detection points 97L in FIG. 132, detections D2

and D4 are of types 2or 4, and detections D1 and D3 are of types 1or

3.

l004z4l In addition to evaluation of detection points independently, the

various detection patterns may be ranked, to determine which touch

point is closer to the emitters or to the recelvers.
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t004251 Moreover, when a rotate gesture is performed, from touch points

971 to touch points 972, movement of detections discriminates whether

the gesture glides away from the emitters and toward the receivers, or

vice versa, In particular, subsequent detections are compared, and

discrimination is based on whether each detection pattern is becoming

more like type 1 or 3, or more like type 2 or 4.

100426l Reference is made to FIG. 151, which is a simplified flowchaft of

a method for determining the locations of simultaneous, diagonally

opposed touches, in accordance with an embodiment of the present

invention. At operation 1O31, two x-coordinates and two y-coordinates

are detected, such aS x-coordinates Dl and D2, and y-coordinates D3

and D4, shown in FIGS, 141 and L42. At operation 1O32 the detected

x-coordinates are analyzed to identify a pattern of detection from among

those listed in TABLE I. At operation 1O33 the detected x-coordinates

are ranked according to touches that occurred closer to or farther from a

designated screen edge, based on the pattern detected at operation

LO32 and based on the "Touch Location" column of TABLE III. The y-

coordinates represent distances from the designated edge. At operation

LO34, each ranked x-coordinate is paired with a corresponding y-

coordinate, Operations 1O35 - LO37 are performed for the y-

coordinates, similar to operations LO32 - LO34 performed for the x-

coordinates. At operation 1O38, the two sets of results are compared.

t004z7l Reference is made to FIG. l-52, which is a simplified flowchaft of

a method for discriminating between clockwise and counter-clockwise

gestures, in accordance with an embodiment of the present invention. At

operation LO4l-, two glide gestures are detected along an x-axis. Each

glide gesture is detected as a series of connected touch locations, Thus,

with reference to FIGS. 141 and L42, a first glide gesture is detected as

a connected series of touch locations beginning at x-coordinate D1, and a
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second concurrent glide gesture is detected as a connected series of

touch locations beginning at x-coordinate D2. At operation 1042, the x-

glide detections are analyzed to determine the types of detections that

occurred in each series, from among the patterns listed in TABLE III.

t0042Sl At operation 1043, the x-glide detections are ranked according

to touches that occurred closer to or farther from a designated screen

edge, based on the patterns of detections determined at operation LO42,

and based on the "Touch Location" column of TABLE IIL Operation

1043 relates to series of connected touch detections over a time interval.

Each series generally includes touch detections of patterns 1 and 3, or of

patterns 2 and 4, listed in TABLE IfI, depending on whether the glide

was closer to or further away from the designated edge. In addition to

analyzing the individual detections that comprise a glide, the series of

touch detections is also analyzed to determine if the glide is moving

closer to or farther from the designated edge, based on comparison of

intensities of detections over time. E.9., in one series of detections

having multiple pattern 1 detections, if the amount of blocked light

increases over time, then it is inferred that the glide is moving toward the

receivers, otherwise the glide is moving toward the emitters.

1004291 The y-coordinates represent distances from a designated edge,

such as the edge of emitters. At operation LO44 each ranked x-axis glide

is paired with a corresponding y-axis glide. Operations 1045 - LO47 are

performed for the y-axis glide, similar to operations 1O42 - LO44

performed for the x-axis glide. At operation 1048 the two sets of results

are compared. At step LO49 a discrimination is made as to whether the

rotation gesture is clockwise or counter-clockwise.

t00430ì FIGS. 54 and 7O show alignments of emitters and receivers

whereby right and left halves of each beam overlap neighboring beams,

as shown in FIGS. 61 and 73. Three beams are shown in these figures;
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namely, beams 7,67, 168 and 169. The left half of beam 167 overlaps

the right half of beam 168, and the right half of beam 167 overlaps the

left half of beam 169. As such, a touch at any location within beam 167

is detected by two beams. The two detecting beams have different

detection gradients along the widths of the beams, as shown by light

detection areas 910 - 912 in the figures.

t0043U The gradient of light attenuation is substantially linear across the

width of the beam. As such, a weighted average of the different

detection signals is used to calculate a position along one axis using EQS.

(2) and (3) above. EQ. (2) extends to a number, n, of samples. E'g', if

a finger at the center of beam a blocks 4Oo/o of the expected signal of

beam a, and blocks none of the expected signal of beam b, then Wu and

W6 âr€ 0.4 and 0, respectively, and the location Xp is calculated as

Xp = (0.4 * Xu * 0 * Xu) /(O.4 * 0) = ¡u.

The same value of Xp is obtained for a stylus at the screen position which,

due to its being narrower than the finger, blocks only 2Oo/o of the

expected signal of beam a,

t004321 Similarly, if a finger between the centers of beams a and b

blocks similar amounts of expected light from both beams, say 307o, then

Xp is calculated as

Xp = (0.3 * Xu * 0.3 * Xò / (0.3 + 0.3) = 1/z(X¿* X¡),

which is the midpoint between Xu and X5.

t004331 Location calculation in a system of aligned emitters and receivers

differs in several aspects from location calculation in a system of shift-

aligned emitters and rece¡vers. In a system of aligned emitters and

receivers, beams are aligned with the coordinate system used for

specifying the touch location. In this case, the touch location is

calculated along a first axis without regard for the touch location along

the second axis. By contrast, in a shift-aligned system the primary beam
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coordinat€, €.g., Xu for beam a, is determined based on an assumed

touch coordinate on the second âXis, Y¡¡¡¡¡¿¡.

t004341 Further, in a system of aligned emitters and receivers the

attenuation and signal strength pattern generated by an object crossing

the beam is substantially the same at all locations along the length of the

beam. As described hereinabove with reference to FIGS. 67 and 97, as

an object moves across the width of a beam, it generates substantially

similar signal patterns whether it crosses the beam near the beam's

emitter, detector or in mid-Screen. Therefore, an initial normalizing of

weights, Wu, Wo, ..., Wn, based on the detection pattern is required in

shift-aligned systems, and is not required in aligned systems.

t004351 When a light-blocking object is placed at the center of a beam,

such as beam L67 in FIGS. 61 and 73, a portion of the neighboring

beam is blocked. E.g.,4Oo/o of beam 167 is blocked and 5%o of beam

168 is blocked. However, the signals include both random noise and also

noise caused by the alternating facets that may account for signal

fluctuations. A technique is required to determine whether the touch is in

fact at the center of beam L67 , or slightly offset from the center.

t004361 In accordance with an embodiment of the present invention,

multiple samples of each signal are taken, and combined to filter out

signal noise. Additionally, the neighboring beams 168 and 169 are

configured by their respective optical elements to overlap around the

center of beam !67, as seen in FIGS. 63 and 96 where all three signals

detect touches around the center of the middle signal. In cases where

the main detection signal is concentrated in one beam, detection signals

from both left and right neighboring beams are used to fine tune the

touch location calculation. Specifically, filtered signals of neighboring

beams 168 and 169 are used to determine an offset from the center of

beam L67.
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t004371 In embodiments with optical elements with three-way lenses

that create light beams along two sets of axes, similar calculations are

performed on the diagonal detection beams to determine locations on the

second axis system. As described hereinabove, touch objects typically

block a larger portion of the diagonal signals than of the orthogonal

signals.

t004381 The spatial and temporal filters described hereinabove with

reference to shift-aligned emitter-receiver arrangements are applied in

aligned emitter-receiver arrangements as well.

Calibration of Touch Screen Components

t004391 Reference is made to FIG. 153, which is a simplified flowchart of

a method of calibration and touch detection for a light-based touch

screen, in accordance with an embodiment of the present invention. In

general, each emitter/receiver pair signal differs significantly from signals

of other pairs, due to mechanical and component tolerances' Calibration

of individual emitters and receivers is performed to ensure that all signal

levels are within a pre-designated range that has an acceptable signal-to-

noise ratio.

t004401 In accordance with an embodiment of the present invention,

calibration is performed by individually setting (i) pulse durations, and (ii)

pulse strengths, namely, emitter currents' For reasons of power

consumption, a large current and a short pulse duration is preferred.

When a signal is below the pre-designated range, pulse duration and/or

pulse strength is increased, When a signal is above the pre-designated

range, pulse duration and/or pulse strength is decreased'

t004411 As shown in FIG. 153, calibration (operation 1051) is

performed at boot up (operation 1O5O), and is performed when a signal

is detected outside the pre-designated range (operation 1055).
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Calibration is only performed when no touch is detected (operation

1053), and when all signals on the same axis are stable (operation

1054)i i.€., signal differences are within a noise level overa time

duration.

Í004421 Reference signal values for each emitter/receiver pair are used

as a basis of comparison to recognize a touch, and to compute a weighted

average of touch coordinates over a neighborhood. The reference signal

value for an emitter/receiver pair is a normal signal level, Reference

signal values are collected at boot up, and updated when a change, such

as a change in ambient light or a mechanical change, is detected. In

general, as shown in FIG. 153, reference signal values are updated

(operation 1056) when signals are stable (operation 1O5a); i.e., when

signal variations are within an expected range forsome number, N, of

samples over time.

t004431 A touch inside the touch area of a screen may slightly bend the

screen surface, causing reflections that influence detected signal values at

photo diodes outside of the touch area. Such bending is more

pronounced when the touch object is fine or pointed, such as a stylus, In

order to account for such bending, when a touch is detected (operation

1053), all stable signals (operation 1058) outside the touch area

undergo a reference update (operation 1059). When no touch is present

and all signals are stable (operation 1O54), but a signal along an axis

differs from the reference value by more than the expected noise level

(operation 1055), the emitters are calibrated (operation 1O51).

Recalibration and updating of reference values require stable signals in

order to avoid influence of temporary signal values, such as signal values

due to mechanical stress by bending or twisting of the screen frame.

Í004441 To further avoid error due to noise, if the result of an

emitter/receiver pair differs from a previous result by more than an
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expected no¡Se level, a new measurement is performed, and both results

are compared to the previous result, to get a best match. If the final

value is within the expected noise level, a counter is incremented.

Otherwise, the counter is cleared. The counter is subsequently used to

determine if a signal is stable or unstable, when updating reference

values and when recalibrating.

t004451 After each complete scan, signals are normalized with their

respective reference values. If the normalized signals are not below a

touch threshold, then a check is made if a recalibration or an update of

reference values is necessary. If a normalized signal is below the touch

threshold, then a touch is detected (operation 1053)'

t004461 To reduce risk of a false touch detection, due to a sudden

disturbance, the threshold for detecting an initial point of contact with the

screen, such as when a finger first touches the screen/ is stricter than the

threshold for detecting movement of a point of contact, such as gliding of

a finger along the screen while touching the screen. Le ., a higher signal

difference is required to detect an initial touch, vis-à-vis the difference

required to detect movement of an object along the screen surface,

Furthermore, an initial contact is processed as pending until a rescan

verifies that the touch is valid and that the location of the touch remains

at approximately the same position.

100447) To determine the size of a touch object (operation 1O57), the

range of blocked signals and their amplitudes are measured. For large

objects, there is a wait for detecting an initial point of contact with the

screen, until the touch has settled, since the touch of a large object is

generally detected when the object is near the screen before it has

actually touched the screen. Additionally, when a large object

approaches the screen in a direction not perpendicular to the touch area,

the subsequent location moves slightly from a first contact location'
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[004481 However, objects with small contact areas, such as a pen or a

stylus, are typically placed directly at the intended screen location. As

such, in some embodiments of the present invention, the wait for

detecting an initial contact of a fine object is shoftened or skipped

entirely.

[004491 It has been found advantageous to limit the size of objects that

generate a touch, in order to prevent detection of a constant touch when

a device with a touch screen is stored in a pouch or in a pocket.

[00450] At operation 1053, it is also necessary to distinguish between

signals represenLing a valid touch, and signals arising from mechanical

effects. In this regard, reference is made to FIG. I54, which is a picture

showing the difference between signals generated by a touch, and signals

generated by a mechanical effect, in accordance with an embodiment of

the present invention. Each of the four graphs in FIG. 154 shows

detection beams 1 - 10 during a scan along one screen axis. As seen in

FIG. 154, signal gradients discriminate between a valid touch and a

mechanical effect.

[00451ì Reference is made to FIG. 155, which is a simplified diagram of

a control circuit for setting pulse strength when calibrating a light-based

touch screen, in accordance with an embodiment of the present

invention. Reference is also made to FIG. 156, which is a plot of

calibration pulses for pulse strengths ranging from a minimum current to

a maximum current, for calibrating a light-based touch screen in

accordance with an embodiment of the present invention. FIG. 156

shows plots for six different pulse durations (PULSETIMEI - PULSETIME

6), and sixteen pulse strength levels (1 - 16) for each plot.

[00452J The control circuit of FIG. 155 includes 4 transistors with

respective variable resistors Rl, R2, R3 and R4. The values of the
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res¡stors control the signal levels and the ratio between their values

controls gradients of the pulse curves shown in FIG. 155.

t004531 Reference is made to FIG. f-57, which is a simplified pulse

diagram and a corresponding output signal graph, for calibrating a light-

based touch screen, in accordance with an embodiment of the present

invention. The simplified pulse diagram is at the left in FIG. 157, and

shows different pulse durations , to, ..., tru, that are managed by a control

circuit when calibrating the touch screen. As shown in FIG. L57, multiple

gradations are used to control duration of a pulse, and multiple

gradations are used to control the pulse current. The corresponding

output signal graph is at the right in FIG. L57.

100454ì As shown in FIG. l-57, different pulse durations result in

different rise times and different amplitudes. Signal peaks occur close to

the time when the analog-to-d¡gital (A/D) sampler closes its sample and

hold circuit. In order to obtain a maximum output signal, the emitter

pulse duration is controlled so as to end at or near the end of the A/D

sampling window. Since the A/D sampling time is fixed, the timing, t¿,

between the start of AlD sampling and the pulse activation time is an

important factor.

Assembly of Touch Screen Components

t004551 As described hereinabove, a minimum of tolerances are required

when aligning optical guides that focus on respective light emitters and

light receivers, in order to achieve accurate precision on a light-based

touch Screen. A small misalignment can severely degrade accuracy of

touch detection by altering the light beam. It is difficult to accurately

place a surface mounted receiver and transmitter such that they are

properly aligned with respective light guides'
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t004561 Because of this difficulty, in an embodiment of the present

invention, a light guide and transmitter or receiver are comb¡ned into a

single module or optical element, as described above with reference to

FrGS. 105 - 108.

t004571 In some instances it may be of advantage not to combine an

emitter or a receiver into an optical element, ê.9., in order to use

standard emitter and receiver components. In such instances precision

placement of components is critical.

t0045Sl In some embodiments of the present invention, the optical lens

that includes the feather pattern is part of a frame that fits over the

Screen. FIG. 37 shows a cross-section of such a frame 455, which is

separate from LED 2OO.

t004591 Reference is made to FIG. 158, which is an illustration showing

how a capillary effect ís used to increase accuracy of positioning a

component, such as an emitter or a receiver, on a substrate, inter alia a

printed circuit board or an optical component, in accordance with an

embodiment of the present invention, Shown in FIG. 158 is an emitter

or a receiver 398 that is to be aligned with an optical component or

temporary guide 513. Optical component or temporary guide 513 is

fixed to a printed circuit board 763 by guide pins 764. Solder pads 765

are placed at an offset from component solder pads 766. Printed circuit

board 763 is then inserted into a heat oven for soldering'

t004601 Reference is made to FIG. 159, which is an illustration showing

the printed circuit board 763 of FIG. 158, after having passed through a

heat oven, in accordance with an embodiment of the present invention.

As shown in FIG. 159, component 398 has been sucked into place by

the capillary effect of the solder, guided by a notch 768 and a cavily 769

in optical component or temporary guide 513. When a temporary guide

is used, it may be reused for subsequent soldering'
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t0046U The process described with reference to FIGS. 158 and 159 is

suitable for use in mass production of electronic devices.

ASIC Controller for Light-Based Touch Screens

t004621 Aspects of the present invention relate to design and use of a

programmable state machine for novel light-based touch screen ASIC

controllers that execute a scanning program on a series of emitters and

detectors. The scanning program determines scan sequence, current

levels and pulse widths, The controller includes integrated LED drivers for

LED current control, integrated receiver drivers for photo detector current

measurement, and an integrated A/D convertor to enable communication

between the controller and a host processor using a standard bus

interface, such as a Serial Peripheral Interface (SPI).

t004ó31 In accordance with the present invention, a program is loaded

onto the controller, €.g., over SPL Thereafter, scanning execution runs

independently from the host processor, optimizing overall system power

consumption. When the scan data are ready, the controller issues an

interrupt to the host processor via an INT pin.

t004641 Reference is made to FIG. 160, which is a simplified illustration

of a light-based touch screen 8OO and an ASIC controller therefor, in

accordance with an embodiment of the present invention.

1004651 Reference is made to FIG. LGl, which is a circuit diagram of a

chip package 73L for a controller of a light-based touch screen, in

accordance with an embodiment of the present invention.

t004ó61 As shown in FIG. 16l-, chip package 73L includes emitter driver

circuitry 740 for selectively activating a plurality of photoemitters 20O

that are outside of the chip package, and signal conducting pins 732 for

connecting photoemitters 2OO to emitter driver circuitry 740. Emitter

driver circuitry 740 is described in applicants'co-pending patent
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application U.S. Serial No, 12137I,609 entitled LIGHT-BASED TOUCH

SCREEN filed on February L5, 2009, the contents of which are hereby

incorporated by reference. Inter alia, reference is made to paragraphs

[0073], paragraphs [0087] - [0091] and FIG. 11 of this application as

published in U.S. Publication No.2009/0189878 A1 on July 30,2009.

1004671 Emitter driver circuitry 74O includes circuitry 742 for configuring

individual photoemitter pulse durations and pulse currents for each

emitter-detector pair via a programmable current source. Circuitry 742

is described in applicants'co-pending patent application U.S. Serial No.

L3/O52,511 entitled LIGHT-BASED TOUCH SCREEN WITH SHIFT-ALIGNED

EMITTER AND RECEIVER LENSES filed on March 2t,2011, the contents of

which are hereby incorporated by reference. Inter alia, reference is made

to paragraphs [00343] - [00355] and FIGS,99 - 101 of this application

as published in U.S. Publication No. 2011/0163998 on July 7,20Lt.

[00468] Chip package 731 includes detector driver circuitry 75O for

selectively activating a plurality of photo detectors 3OO that are outside

of the chip package, and signal conducting pins 733 for connecting photo

detectors 3O0 to detector driver circuitry 75O. Detector driver circuitry

75O includes circuitry 755 for filtering current received from photo

detectors 3OO by performing a continuous feedback bandpass filter, and

circuitry 756 for digitizing the bandpass filtered current. Circuitry 755 is

described inter alia at paragraphs [0076], paragraphs [0107] - [0163]

and FIGS, 14 - 238 of the above-referenced U.S. Publication No.

2009/OIB9B7B 41. Chip packageTSl also includes detector signal

processing circuitry 753 for generating detection signals representing

measured amounts of light detected on photo detectors 3OO.

[00469] Chip package 73L further includes I/O pins 736 for

communicating with a host processor 772. Chip package 731 further

includes controller circuitry 759 for controlling emitter driver circuitry
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740 and detector driver circuitry 75O. Controller circuitry 759

communicates with host processor 772 using a bus standard for a Serial

Peripheral Interface (SPI) 775. Chip package 731 further includes a chip

select (CS) pin 737 for coordinating operation of controller circuitry 759

with at least one additional controller 774 for the light-based touch

screen.

t00470ì The controller shown in FIG. 161 packages all of the above

mentioned elements within chip package 731, (i) thereby enabling

automatic execution of an entire scan sequence, such as 52 emitLer-

receiver pairs, and (ii) thereby storing the detection signals in a register

array located in controller circuitry 759, for subsequent analysis by host

processor 772. This register array provides storage for at least 52, L2-

bit receiver results. Additional registers in controller circuitry 759 are

provided for configuring individual pulse durations and pulse currents for

individual emitter-receiver pairs. In order to support 52 unique emitter-

receiver pairs, at least 104 registers are provided; namely, 52 registers

for configuring individual pulse durations, and 52 registers for configuring

individual pulse currents.

l004Zll Reference is made to FIG. L62, which is a circuit diagram for six

rows of photo emitters with 4 or 5 photo emitters in each row, for

connection to pins 732 of chip package 73L, in accordance with an

embodiment of the present invention. The 11 lines LED-ROWL, ...,

LED-ROW6 and LED-COL!, ..., LED-COLS provide two-dimensional

addressing for 26 photo emitters, although the photo emitters are

physically arranged around two edges of the touch screen, as shown in

FIG. 150. TABLE IV shows LED multiplex mapping from photo emitter

LEDs to LED_ROW and LED-COL pins. More generally, an LED matrix

may include an m x n array of LEDs supported bY m + n I/O pins on the

controller.

-726-



1004721 As such, an LED is accessed by selection of a row and a column

I/O pin. The controller includes push-pull drivers for selecting rows and

columns. It will be appreciated by those skilled in the art that the row

and column coordinates of the LEDs are unrelated to the physical

placement of the LEDs and the push-pull drivers, In particular, the LEDs

do no need to be physically positioned in a rectangular matrix.

t004731 In an alternative embodiment of the controller of the present

invention, current source drivers are used instead of push-pull drivers. In

another embodiment of the controller of the present invention, some of

the push-pull drivers are combined with current source drivers, and

others of the push-pull drivers are combined with current sink drivers.
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TABLE IV: LED multiplex mappinq to LED-ROW and LED-COL pins

LED LED ROW pin enabled LED COL oin enabled
1 1 1

2 2 1

3 3 1

4 4 1

5 5 1

6 6 1

7 1 2

I 2 2

9 3 2

10 4 2

11 5 2

L2 6 2

13 1 3

I4 2 3

15 3 3

16 4 3

t7 5 3

1B 6 3

19 1 4
20 2 4
27 3 4
22 4 4
23 5 4
24 6 4
25 1 5

26 2 5

1004741 Advantages of having a dedicated controller for emitters and

receivers in a light-based touch screen are power savings and

performance. In conventional systems, a conventional chip, such aS the

MSP430 chip manufactured by TEXAS INSTRUMENTS@ of Dallas, TX,

controls emitterS and rece¡Vers. Regarding power savings conVentional

chips do not provide access to all of the power consuming chip elements

Moreover, w¡th conventional chips it is not possible to power on and off

external elements in sync with the emitters. For example, with a

conventional chip the amplifier unit connected to the receivers and the

analog-to-digital convertor (ADC) for digitizing receiver light detection

current, cannot be turned on and off in sync with activation of the

em¡tters. In conventional systems, these elements are left powered on

throughout an entire scan sequence. In distinction, the dedicated
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controller of the present invention is able to power these elements on and

off at a resolution of microseconds, in sync with emitter activation. This

and other such selective activation of controller blocks, reduce the total

power consumption of the touch system considerably. In fact, power

consumption for the amplifier, the ADC and other controller blocks is

reduced to the extent that their collective power consumption is negligible

as compared to photoemitter activation power. As such, system power

consumption is nearly the same as the power consumption for activating

the photoemitters.

t004751 When the dedicated controller of the present invention scans a

series of emitter-receiver pairs, an LED driver supplies an amount of

current to an LED in accordance with settings in LED current control

registers and LED pulse length control registers. TABLE V shows the

power consumption of the dedicated controller, for 50 emitter-receiver

pairs at 100 Hz with a power source of 2.7V. Pulse durations and pulse

currents are set via circuitry 742 using configuration registers. Current

consumption is calculated as

100 Hz x 50 activation pairs x pulse duration (ps) x pulse current (A) =

= current consumption (pA) from the battery.

Power consumption is calculated as

current consumption (¡rA) * voltage (V) = power (mW).
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TABLE V: Photometer power consumption for 50 em itter-receiver pairs
at 100 Hz with 2.7V Dower source

Pulse duration (us) Pulse current (A) Current consumPtion (uA) Power (mW)
0.125 0.05 3r.25 o.084375

0,25 0.0s 62.5 0.16875
0,5 0.0s r25 0.3375
1 0.0s 2s0 0.675
2 0.05 s00 1,35

4 0.0s 1000 2.7

0.125 0.1 62.5 0.1685
0.25 0.1 t25 o.3375

0.5 0.1 750 0.675
1 0.1 s00 1.35

2 0.1 1000 2.7

4 0.1 2000 5.4

0.12s 0.2 t25 0.337s
0.2s 0.2 2so 0.675
0.s 0.2 s00 1,35

1 0.2 1 000 2.7
2 0.2 2000 5.4

4 0.2 4000 10. B

0.125 0.4 250 o.675

0.25 0.4 s00 1.3s

0,5 0.4 1000 2.7

1 0.4 2000 5.4

2 0.4 4000 10.8

4 0.4 8000 2t.6

t004761 Regarding performance, the Lime required to complete a scan of

all emitter-receiver pairs around the screen is critical, especially for fast

stylus tracing. Reference is made to FIG. 163, which is a simplified

illustration of a touch screen surrounded by emitters 2OO and receivers

3OO, in accordance with an embodiment of the present invention.

Emitters 2OO are Scanned in a scan sequence; e.9., emitters 2OO may be

scanned in the numbered order 1- 16 shown in FIG. 163. Touch po¡nts

9OO correspond to touches made by a person writing his signature in a

fast scrawl using a fine-point stylus. Three locations are indicated for

touch po¡nts 9OO. At a time tl, when emitter 1 is activated, the stylus is

located at a location a. At a time t2, when emitter 16 is activated, the

stylus is located at a location b, due to the quick movement as the user

signs his name. However, the detected location on the screen at time t2
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is a location c, different than location b; because at time t2, when emitter

16 is activated, the stylus has moved from its location at time tl. Such

time lag between x-coordinate detection and y-coordinate detection

produces errors in detecting touch positions of the stylus on the screen.

These errors are most pronounced with fast stylus writing. As such, it is

desirable to complete an entire scan sequence as fast as possible.

1004771 The dedicated controller of the present invention completes a

scan sequence faster than conventional chips. The dedicated controller of

the present invention includes register arrays that store necessary

parameters to execute an entire scan sequence automatically. The

dedicated controller further includes a register array for storing filtered,

digital results for a scan sequence. In distinction, with conventional chips

not all registers are available, and configuration data in registers is not

automatically parsed. Thus, during a scan sequence using conventional

chips, some cycles are required for configuring further emitter activations

and for reading results.

t00478ì In accordance with an embodiment of the present invention, for

configurations where the number of emitters and receivers is larger than

what may be supported by a single dedicated controller, multiple

controllers are used. The multiple controllers are each configured prior to

executing a scan, and then a scan is executed by each controller in rapid

succession. For this embodiment, after configuring registers in all

controllers, a host selects a first controller chip, using the chip-select (CS)

pin shown in FIG. 161, and activates that chip. When the scan sequence

on that chip is completed, the chip sends an interrupt to the host. The

host then selects a second controller chip using its CS pin, and runs the

second chip's scan sequence. After all of the controller chips have

completed their respective scans, the host reads the results from each

chip and calculates touch locations.
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t004791 In this regard, reference is made to FIG. L64, which is a

simplified application diagram illustrating a touch screen configured with

two controllers, indicated as Device 1 and Device 2, in accordance with

an embodiment of the present invention. Shown in FIG. 164 is touch

screen 8OO surrounded with LEDs and shift-aligned PDs. Twenty-six

LEDs, LEDr - LED26, are connected along a first screen edge to LED pins

from Device 1, and additional LEDS, LED' - LEDcn, along this edge are

connected to LED pins from Device 2, Along the opposite edge, PDs are

shift-aligned with the LEDs. PDs that detect light from the Device 1

LEDS are connected to Device 1 PD pins, and PDs that detect light from

Device 2 LEDs are connected to Device 2 PD pins. The dashed lines

connecting each LED to two PDs show how light from each LED is

detected by two PDs. Each PD detects light from two LEDs.

t004S0l As shown in FIG. L64, PDzz of Device 1 detects light from

LED26 of Device 1 and also from LEDr of Device 2. As such, PDzz is

connected to the PDzt pin of Device 1 and also to the PDr pin of Device

2. When detecting light from LEDzo of Device L, PD27 is sampled over

the PDzz pin of Device l and its result is stored on Device 1; and when

detecting light from LED' of Device 2, PD27 is sampled over the PDr pin

of Device 2 and its result is stored on Device 2. As such, each

controller coordinates LED activation with respective PD activation. The

host processor calculates touch locations along the Device 1 - Device 2

border by interpolating the PD results from the two devices.

t004Sll Reference is made to FIG. 165, which is a graph showing

performance of a scan sequence using a conventional chip vs.

performance of a Scan using a dedicated controller of the present

invention. The duration of each complete screen scan is longer with the

conventional chip than with the dedicated controller. The dedicated

controller can be powered down between Scan Sequences, providing
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further power savings, especially since the stretches of time between

scan sequences may be larger with use of the dedicated controller than

with use of a conventional chip. To connect touch points of multiple

Scans, the host processor may use spline interpolation or such other

predictive coding algorithms, to generate smooth lines that match the

user'S pen Strokes. Of significance is that each touch point is very

accurate, when using a dedicated controller of the present invention.

l004s2l Moreover, it is apparent from FIG. 165 that a host using a

dedicated controller of the present invention may increase the scan

frequency beyond the limits possible when using a conventional chip.

E.g., a host can scan 50 emitter receiver pairs at 1000 Hz, using a

controller of the present invention. In distinction, touch screens using

convention chips typically operate at frequencies of 100 Hz or less. The

high sampling rate corresponding to 1000 Hz enables accurate touch

location calculation over time. In turn, this enables temporal filtering of

touch coordinates that substantially elimínates the jitter effect described

above when a stylus remains stationary, while substantially reducing the

lag time described above between a stylus location and a line

representing the stylus'path along the screen.

t00483l Such high sampling rates on the order of 50 emitter-receiver

pairs at 1000 Hz cannot be achieved if individual LEDs require

configuration prior to activation. The dedicated controller of the present

invention achieves such high sampling rates by providing the registers

and the circuitry to automatically activate an entire scan Sequence.

t00434l A further advantage of completing multiple scan sequences in a

short time is disambiguation of touch signals. The problem of ambiguous

signals is described above with reference to FIGS.8 and 9, As explained

above, the same detection pattern of photo detectors is received for two

concurrent touches along a screen diagonal, as illustrated in FIGS.8 and
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9. When placing two fingers on the screen, there is an inherent delay

between the first and second touches. Completing multiple scan

sequences in a very short time allows the system to determine the first

touch, which is unambiguous. Then, assuming that the first touch is

maintained when the second touch is detected, the second touch location

is easily resolved. E.9., if it is determined that one touch is in the upper

left corner and the touch detection pattern is as shown in FIGS. 8 and 9,

then the second touch location must be at the lower right corner of the

screen.

t004S5l Thus it will be appreciated by those skilled in the art that a

dedicated controller in accordance with the present invention is power-

efficient, highly accurate and enables high sampling rates. The host

configures the controller for low power, corresponding to 100 Hz or less,

or for high frequency scanning, such as 500 Hz - 1000 Hz.

t004861 Determination of which configuration is appropriate is based

inter alia on the area of the touch screen covered by a touch pointer,

since jitter and lag are less prominent for a touch covering a relative

large area, such as a finger touch, than for a touch covering a relatively

small area, such as a stylus touch. Based on the area covered by the

pointer, as determined by the size of the shadowed area of light-based

touch screen sígnals, the host determines whether a finger or a stylus is

being used, and configures an appropriate scan rate based on the trade-

off between power and accuracy.

t004871 In accordance with an embodiment of the present invention, the

dedicated controller includes scan range registers for selectively

activating LEDs, and current control and pulse duration registers for

specifying an amount of current and a duration, for each activation, The

scan range registers designate a first LED and a first PD to be activated

along each screen edge, the number of LEDs to be activated along each
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edge, and the step factor between activated LEDs. A step factor of 0

indicates that at each step the next LED is activated, and a step factor of

1 indicates that every other LED is activated. Thus, to activate only odd

or only even LEDs, a step factor of 1 is used. Step factors of 2 or more

may be used for steps of 2 or more LEDs, respectively. An additional

register configures the number of PDs that are activated with each LED,

A value of 0 indicates that each LED is activated with a single

corresponding PD, and a value of 1 indicates that each LED is activated

with two PDs. The number of PDs activated with each LED may be as

many PD that are available around the touch screen.

t004SSl To save power, it is advantageous to have a low resolution scan

mode for detecting an initial touch location. The host may run in this

mode, for example, when no touch is detected. When a touch is

detected, the host switches to a high resolution scan mode, in order to

calculate a precise touch location, as described above with reference to

FIG. 135. In terms of controller scan sequence registers, every emitter

is activated, i.e., step = 0, with one receiver. The scan sequence of FrG.

135(d) differs from that of FIG. 135(e) in the initial PD used in the

Sequence on each screen edge. Specifically, the first PD, namely, PD0, is

used in FIG. 135(d), and the second PD, namely, PD1, is used in FIG.

135(e). The initial PD to be used along each screen edge is configured

by a register.

t004S9l When each LED is activated with more than one PD, the LED is

activated separately for each of the PDs. Each such separate activation

has respective current control and pulse duration registers'

t004901 The controller of the present invention automatically controls a

mux to direct current to desired LEDs. The LED mux control is set by the

scan control registers. The controller automatically synchronizes the

correct PD receivers when the drivers pulse the LEDS. Twelve-bit ADC
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receiver information is stored in PD data registers. Upon completion of

scanning, the controller issues an interrupt to the host processor, and

automatically enters standby mode. The host then reads receiver data

for the entire scan sequence over the SPI inteface.

100491ì In some touch screen configurations, emitters are shift-aligned

with receivers, with emitters being detected by more than one receiver

and being activated one or more times for each detecting receiver, For

example, an emitter may be activated three times in rapid succession,

and with each activation a different receiver is activated. Moreover, a

receiver is further activated during the interval between emitter

activations to determine an ambient light intensity.

I0049Zl In other touch screen configurations, emitters and receivers are

aligned, but each emitter is detected by more than one receiver, and

each emitter is activated separately for each detecting receiver. Emitter-

receiver activation patterns are described in in applicants'co-pending

patent application U.S. Serial No. 121667,692 entitled SCANNING OF A

TOUCH SCREEN filed on January 5, 2OlO, the contents of which are

hereby incorporated by reference. Inter alia, reference is made to

paragraphs [0029], [0030], [0033] and [0034] of this application as

published in U.S. Publication No. 2OLI/0043485 on February 24,20tt.

t004931 Reference is made to FIG. 166, which is a simplified illustration

of a touch screen 8OO having a shift-aligned arrangement of emitters and

receivers, in accordance with an embodiment of the present invention.

Shown in FIG. 166 are emitters 2O4 - 208 along the south edge of

screen 8OO, shift-aligned receivers 3O6 - 311 along the north edge of

screen 8OO, emitters 2Og - 211 along the east edge of screen 8OO, and

shift-aligned receivers 3L2 - 315 along the west edge of screen 8OO, It

is noted that each edge of receivers has one or more receivers than the

number of emitters along the opposite edge, in order to detect touches in
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the corners of screen 8OO. A beam L74 depicts activation of emitter 2O4

and detection by receiver 306. TABLE VI lists an activation sequence in

terms of emitter-receiver pairs.

TABLE VI: Activation sequence of emitter-receiver pairs

Activation No. Emitter Receiver
1 204 306
2 204 307
3 205 307
4 20s 308
5 206 308
6 206 309
7 207 309
B 2fJ7 310
9 208 310
10 208 311
11 209 3L2
L2 209 313
13 210 313
T4 2to 314
15 2tL 3t4
16 2tL 3ls

t004941 Activation no. 10, 208-311, is the last activation along the

horizontal dimension of screen 8OO. Activation no. 11 is the first

activation along the vertical dimension of screen 80O, Such turning of a

corner alters the activation pattern along screen edges. Specifically, the

activation pattern along a screen edge is of the form AA-AB-BB-BC-CC-

CD ..., where the first letter of each pair designates an emitter and the

second letter designates a receiver. Thus in AA-AB a same emitter is

activated with two receivers, and in AB-BB two emitters are activated

with a Same receiver. When turning a corner, as at activation no. 11, the

pattern is reset, The active emitter, 2O9, is not detected by the

previously activated receiver 311, since emitter 2O9 and receiver 311

are not situated along opposite Screen edges. Instead, emitter 2O9 is

detected by receiver 3L2, thus stafting a new AA-AB-BB-BC ... activation

pattern along the vertical screen dimension. The controller handles a
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pattern reset based on the scan sequence registers, which indicate when

a scan along a screen edge is complete.

t004951 Reference is made to FIG. L67, which is a simplified diagram of

a touch screen 8OO having alternating emitters and receivers along each

screen edge, in accordance with an embodiment of the present invention.

As shown in FIG, 167, each emitter is situated between two receivers,

resulting in n emitters and n+1 receivers along a given edge, for some

number n. FIG. 167 shows touch screen 8OO surrounded by ten

emitters 2O4 - 213 and fourteen receivers 306 - 319. As described

above with reference to FIG. 163, each emitter is paired with two

receivers, The dotted arrows 174 and 175 in FIG. 167 indicate two

activations of emitter 2O4; namely, an activation detected by receiver

316, and another activation detected by receiver 315.

t0049óì In accordance with an embodiment of the present invention,

when an activation sequence arrives at the end of a sequence of emitters

along a screen edge, the activation pattern is restarted when activating

emitters along an adjacent edge. In accordance with another

embodiment of the present invention, the angle of orientation of each

emitter with a detecting receiver is substantially 45o from the normal to

the edge along which the emitter is arranged. In such caSe, a receiver

along an adjacent edge is operative to detect light from an emitter near a

screen corner. As such, the activatíon pattern is not restarted, but

instead continues as a series of activated emitters turn a corner.

Alternatively, the controller may restart the activation pattern when

turning a corner by use of registers to store the index of the last LED to

be activated by the controller along each screen dimension.

Í004971¡ In accordance with an embodiment of the present invention, the

contrOller is a simple state machine and does not include a processor

core, such as an ARM core. As such, costs of controllers of the present
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invention are low. A light-based touch screen using a controller of the

present invention costs less than a comparable capacitive touch screen,

since a capacitive touch screen requires a processor core in order to

integrate a large number of signals and calculate a touch location. In

order to achieve a quick response time, a capacitive touch screen uses a

dedicated processor core to calculate a touch location, instead of

offloading this calculation to a host processor. In turn, this increases the

bill of materials for capacitive touch screens. In distinction, light-based

touch screens of the present invention use two neighboring receiver

values to calculate a touch location along an axis, which enables the host

to calculate a touch location and, consequently, enables use of a low-cost

controller.

t0049Sl In accordance with an embodiment of the present invention,

multiple controllers may be operative to control touch screen 8O0. As

mentioned above, chip package 73t includes a chip select (CS) pin 737

for coordinating operation of scanning controller circuitry 759 with at

least one additional controller 774 for the light-based touch screen.

t00499ì In accordance with embodiments of the present invention, the

controller supports activation sequences for the touch screen of

Configuration No. 5 described hereinabove. In a first embodiment,

emitters are positioned along two screen edges, directly opposite

respective receivers along the remaining two screen edges, as shown in

FIG. 54. Each emitter sends a two-pitch wide light beam to its

respective receiver. An optical element, such as element 53O described

hereinabove with reference to FIG. 55, interleaves this wide beam with

neighboring wide beams, to generate two sets of overlapping wide beams

that cover the screen; e.9., the set including every second beam covers

the screen. FIG. 60 shows a contiguous area covered by beams 168 and
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169 generated by respective emitters 2O1 and 2O2, with emitter 2OO

between them.

t005001 Two activation sequences are provided; namely, an activation

sequence for low-resolution detection when no touch is detected, and an

activation sequence for high resolution detection for tracing one or more

detected touches. In low-resolution detection every second emitter-

receiver pair is activated along one screen edge. For a rectangular

screen, the shorter edge is used, In order to distribute use of

components uniformly, odd and even sets of emitter-receiver pairs are

activated alternately. Thus in low-resolution detection each emitter is

configured to be activated with one receiver, and the step factor is 1i i.€.,

every second emitter is activated. In high resolution detection mode

each emitter is configured to be activated with one receiver, and the step

factor is 0; i.e., every emitter is activated. The scan in this mode

activates emitters along both emitter-lined screen edges.

10050U In an alternative embodiment, emitters and receivers are

alternated along screen edges, as shown in FIG. 7O. Each emitter sends

a two-pitch wide beam to its respective receiver. An optical element,

such as element 53O described hereinabove with reference to FIG. 55,

interleaves this wide beam with neighboring wide beams, to generate two

sets of overlapping wide light beams that cover the screen; e.9., the set

including every second beam covers the screen. FIG. 69 shows a

contiguous area covered by beams 168 and 169 generated by respective

emitters 2O1 and 2O2, with receiver 3OO between them.

100502ì In this embodiment three activation sequences are provided;

namely, an activation sequence for low-resolution detection using

detection on one axis, an activation sequence for high resolution

detection using detection on two axes, and an activation sequence for

high resolution detection using detection in four axes. In low-resolution
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detection every second emitter-receiver pair is activated along one screen

edge. For a rectangular screen, the shorter edge is used. In order to

distribute use of components uniformly, odd and even sets of beams are

activated alternately. However, because neighboring beams are aimed in

opposite directions, the emitters are connected to the ASIC LED

connectors in such a way that the index of emitters is configured to

increment along a single screen edge. Thus the step factor is 0; i.e.,

every second beam is activated, and the activation series ends at the last

emitter along the active edge. In an alternative embodiment the emitters

are connected to the ASIC LED connectors such that the index of emitters

is configured to increment together with the series of beams. In this case

the step factor is 1; i.e., every second beam is activated.

t005031 In high resolution detection mode using beams along two axes,

each emitter is configured to be activated with one respective receiver,

the step factor is 0, and the activation series covers all emitters.

t005041 In high resolution detection mode using beams along four axes,

multiple activations are executed. A first activation activates beams

along the horizontal and vertical axes. The initial emitter index matches

the initial receiver index, and the emitter index increments together with

the receiver index. A second activation series activates a first set of

diagonal beams. In this case, the initial emitter and receiver indices

define endpoints of one of the diagonal beams from the initial emitter.

The emitter index then increments together with the receiver index

around the screen. A third activation series activates a second set of

diagonal beams. In this case, the initial emitter and receiver indices

define endpoints of the second diagonal beam from the initial emitter.

t005051 The present invention has broad application to electronic devices

with touch sensitive screens, including small-size, mid-size and large-size

screens. Such devices include inter alia computers, home entertainment
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systems, car entertainment systems, security systems, PDAs, cell phones,

electronic games and toys, digital photo frames, digital musical

instruments, e-book readers, TVs and GPS navigators.

t0050ól In the foregoing specification, the invention has been described

with reference to specific exemplary embodiments thereof. It will,

however, be evident that various modifications and changes may be

made to the specific exemplary embodiments without departing from the

broader spirit and scope of the invention as set fofth in the appended

claims. Accordingly, the specification and drawings are to be regarded in

an illustrative rather than a restrictive sense,

-742-



CLAIMS

1. An optical touch detection system, comprisíng:

a housing;

a surface mounted in said housing;

light emitters mounted in said housing;

light receivers mounted in said housing;

a set of first optical elements positioned along one edge of said

surface, each optical element comprising a concatenated plurality of first

segments, not all having the same length, each first segment being paired

with a respective one of said light emitters, each first segment comprising

an undulating series of pairs of reflective or refractive facets, wherein a

first facet in each pair is oriented so as to collimate light emitted from a

first light emitter associated with that segment and a second facet in each

pair is oriented so as to collimate light emitted from a second light emitter

associated with that segment, and wherein the first light emitter

associated with that segment is the light emitter paired with that segment

and the second light emitter associated with that segment is the light

emitter paired with a neighboring segment;

a set of second optical elements positioned along an edge of said

surface opposite the one edge, comprising a concatenated plurality of like

second segments, not all having the same length, wherein each second

segment is paired with a respective one of said light receivers, each

second segment comprising an undulating series of pairs of reflective or

refractive facets, wherein a first facet in each pair directs collimated light

to a first light receiver associated with that segment and a second facet in

each pair directs collimated light to a second light receiver associated with

that segment, and wherein the first light receiver associated with that

segment is the light receiver paired with that segment and the second
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light receíver associated with that segment is the light receiver paired

with a neighboring segment; and

a calculating unit, mounted in said housing and connected to

said light receivers, for determining a location of a pointer touching said

surface, based on amounts of light emitted from said light emitters that

are blocked by the pointer, as determined by outputs of said light

receivers.

2. The optical touch detection system of claim 1 wherein, for each

of said plurality of segments of said set of first optical elements, the

collimated light directed by the first facets of each of the series of facet

pairs of the segment at least partially overlaps with the collimated light

directed by the second facets, and wherein said calculating unit

determines the location of the pointer touching the surface based on

outputs of at least three light receivers that receive light emitted by three

neighboring light emitters.

3. The optical touch detection system of claim 1, further comprising

an additional set of first optical elements, arranged along an edge of said

surface adjacent to said one edge, wherein one of the segments of one of

said set of first optical elements and one of the segments of one of said

additional set of first optical elements are paired with the same emitter.

4. An optical element for a light based touch surface, comprising a

concatenated plurality of segments, wherein alternating ones of said

segments are respectively paired with alternating light emitters and light

receivers, each segment comprising an undulating series of pairs of

reflective or refractive facets, wherein a first facet in each pair is oriented

so as to collimate light emitted from a light emitter associated with the
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segment, and a second facet in each pair is oriented so as to direct

collimated light onto a light receiver associated with the segment, and

wherein the light receiver associated with the segment is one of the light

receivers that neíghbor the light emitter associated with the segment.

5. The optical element of claim 4 wherein, for each of said plurality

of segments, light emitted from the light emitter associated with the

segment is directed by the segment to generate a local spatial light

intensity distribution of collimated light beams across an area of the touch

surface, wherein a first plurality of the first facets of its series of facet

pairs, near the light emitter associated with the segment, comprises facet

sizes that decrease as a function of the first facet's distance from the light

emitter, and a second plurality of the first facets, further from the light

emitter, comprises facet sizes that increase as a function of the first

facet's distance from the light emitter, and wherein the local spatial light

intensity distribution is substantially linear as a function of spatial

position.

6. A modular component for a light based touch surface assembly,

comprising:

at least one of said plurality of segments of the optical element

of claim 4 and the light emitters and receivers paired therewith in a single

unit; and

two oppositely contoured outer edges, to facilitate inter-fitting

the modular component with a similar neighboring modular component

that contains a segment adjacent to one of the segments comprised in

the modular component, by positioning one of the contoured outer edges

of the modular component alongside the oppositely contoured outer edge

of the neighboring modular component.
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7. An optical touch detection system, comprising:

a housing;

a surface mounted in said housing;

a frame, comprising optical elements in accordance with claim 4,

surrounding said surface;

the alternating plurality of light emitters and light receivers

paired with the segments in the optical elements of said frame, mounted

in said housing; and

a calculating unit mounted in said housing and connected to said

light receivers to determine the location of an object on said surface

based on amounts of light emitted from said emitters that are blocked by

the object, as determined from outputs of said light receivers.

B. The optical touch detection system of claim 7, further

comprising a frame comprising lenses inside said frame of optical

elements, each of said lenses comprising a pattern of recessed cavities

formed by a repetitive pattern of three substantially planar facets, for

refracting collimated light emitted by said emitters in three directions and

for directing collimated beams from three directions onto said receivers.

9. The optical touch detection system of claim 8, wherein said

calculating unit determines the locations of at least two objects that are

on said surface simultaneously.

10. The optical touch detection system of claim 8, wherein said

calculating unit determines the locations of at least three non-aligned

objects that are on said surface simultaneously.
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11. The optical touch detection system of claim 8, wherein said

calculating unit determines the locations of at least four non-aligned

objects that are on said surface símultaneously.

t2. The optical touch detection system of claim 8, wherein said

calculating unit determines the location of a stylus on said surface, the

stylus being held by a user, when the user's palm blocks some of the light

emitted from said emitters from reaching the stylus.

13. The optical touch detection system of claim 1, wherein, for each

of said plurality of first segments, light emitted from the first light emitter

associated with that segment is directed by that segment to generate a

first local spatial light intensity distribution of collimated light beams

across an area of said surface, and light emitted from the second light

emitter associated with that segment is directed by that segment to

generate a second local spatial light intensity distribution of collimated

light beams across the area of said surface, and wherein the first and

second local spatial light intensity distributions are different distributions.

74. The optical touch detection system of claim 13 wherein, for each

of said plurality of first segments, a first plurality of the first facets of its

series of facet pairs, near the first light emitter associated with that

segment, comprises facet sizes that decrease as a function of the first

facet's distance from the first light emitter, and a second plurality of the

first facets, further from the first light emitter, comprises facet sizes that

increase as a function of the first facet's distance from the first light

emitter, such that the first local spatial light intensity distribution is

substantially linear as a function of spatial position.
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15. The optical touch detection system of claim 1, wherein at least

one of said plurality of segments of the first optical elements and the light

emitters paired therewith are formed as a modular component comprising

two oppositely contoured outer edges, to facilitate inter-fitting the

modular component with a similar neighboring modular component that

contains a first segment adjacent to one of the first segments comprised

in the modular component, by positioning one of the contoured outer

edges of the modular component alongside the oppositely contoured outer

edge of the neighboring modular component.
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