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CLAIMS

1. A touch screen for a computing device, comprising:

a housing;

a layer of light-transmissive material mounted in said housing,

comprising an upper and a lower surface, whereín said upper surface is

exposed for touch by one or more objects from outside of said housing;

a plurality of light emitters mounted in said housing underneath

said upper surface, for emitting light beams;

a first lens assembly mounted in said housing for directing the light

beams emitted by said light emitters into said layer at an angle such that

the light beams, when entering said layer, remain confined to said layer by

total internal reflection at said upper and lower surfaces of said layer when

the light beams are not absorbed by any of the objects touching said upper

surface;

a plurality of light detectors mounted in said housing underneath

said upper surface, for detecting light beams and for generating outputs

indicating the amounts of light detected;

a second lens assembly mounted Ín said housing for directing light

beams at a surface of said layer towards one or more of said light detectors;

and

a calculating unit, mounted in said housing and connected to said

light receivers, for determining respective one or more locations of the one

or more objects touching said upper surface, based on outputs of said light

detectors,

wherein light beams in said layer are partially absorbed at said upper

surface when they come into contact with any of the objects.
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2. The touch screen of claim 1 wherein the light-transmissive material

comprises glass or plastic that is transparent for infra-red light.

3. The touch screen of claim 1 wherein the light-transmissive material

is a transmissive gel or liquid-filled sac that is transparent for infra-red light.

4. The touch screen of claim 1 further comprising an optically clear

transfer tape to fasten said layer on said first and second lens assemblies.

5. The touch screen of claim 1 wherein said first lens assembly directs

portions of the light beams emitted by said light emitters over said layer

above said upper surface, and wherein said second lens assembty directs

light beams from above said upper surface to one or more of said light

detectors.

G. The touch screen of claim 1 wherein said first lens assembly directs

the light beams emitted by said light emitters Ínto saíd layer from one or

more sides of said layer, and wherein said second lens assembly dÍrects light

beams emerging from or more sides of said layer to one or more of said

light detectors.

7. The touch screen of claim 1 wherein said layer and said first and

second lens assemblies comprise a single consolidated unit'

8. The touch screen of claim 1 wherein said light emitters are

arranged along two adjacent edges of said layer, wherein said light

detectors are arranged along two other adjacent edges of said layer,
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whereÍn said light emitters are shift-aligned with said light detectors, and

wherein said calculating unit determines respective one or more locations of

the one or more objects touching said upper surface, based on outputs of

said light detectors being less than outputs expected when no objects touch

said upper surface.

9. The touch screen of claim 1 wherein said light emitters and said

light detectors are arranged in an alternating sequence along edges of said

layer, and wherein said calculating unit determines respective one or more

locations of the one or more objects touching said upper surface, based on

outputs of said light detectors being less than outputs expected when no

objects touch said upper surface.

10. A touch screen for a computing device, comprising:

a housing;

a layer of light-transmissive material mounted in said housing,

comprising upper and lower surfaces, wherein said upper surface is exposed

for touch by one or more objects from outside of said housing;

a plurality of light emitters mounted in said housing underneath

said upper surface, for emitting light beams;

a first lens assembly mounted in said housing for directing the light

beams emitted by said light emitters into said layer at an angle such that

the light beams, when entering said layer, remain confined to said layer by

total internal reflection at said upper and lower surfaces of said layer;

a plurality of light detectors mounted Ín said housing underneath

said upper surface, for detecting light beams and for generating outputs

indicatÍng the amounts of light detected;
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a second lens assembly mounted in said housing for directing light

beams at a surface of said layer towards one or more of said light detectors;

and

a calculating unit, mounted in saíd housing and connected to said

light receivers, for determining respectíve one or more locations of the one

or more objects touching said upper surface, based on outputs of said light

detectors,

wherein light beams in said layer are scatteredback into said layer at said

upper surface when they come into contact with any of the objects, so that

said second lens assembly directs them to more of said light detectors than

had they not been scattered.

11. The touch screen of claim 1O wherein the light-transmissive

material comprises glass or plastic that is transparent for infra-red light.

12. The touch screen of claim 1O wherein the light-transmissive

material is a transmissive gel or liquid-filled sac that is transparent for infra-

red light.

13. The touch screen of claim 1O further comprising an optically clear

transfer tape to fasten said layer on said fírst and second lens assemblies.

t4. The touch screen of claim 1O wherein said first lens assembly

directs portions of the light beams emitted by said light emitters over said

layer above saÍd upper surface, and wherein said second lens assembly

directs light beams from above said upper surface to one or more of said

light detectors.
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15. The touch screen of claim 1O wherein said first lens assembly

directs the light beams emitted by said light emitters into said layer from

one or more sides of said layer, and wherein said second lens assembly

directs líght beams emerging from or more sides of said layer to one or

more of said light detectors,

16. The touch screen of claim 1O wherein said layer and said first and

second lens assemblies comprise a single consolidated unit.

L7. The touch screen of claim 10 wherein said light emitters are

arranged along two adjacent edges of said layer, wherein said light

detectors are arranged along two other adjacent edges of said layer,

wherein said light emitters are shift-aligned with said lÍght detectors, and

wherein said calculating unit determines respective one or more locations of

the one or more objects touching said upper surface, based on outputs of

said light detectors being less than outputs expected when no objects touch

said upper surface.

18. The touch screen of claim 10 wherein said light emitters and said

light detectors are arranged in an alternating sequence along edges of said

layer, and wherein said calculating unit determines respective one or more

locations of the one or more objects touching said upper surface, based on

outputs of said light detectors being less than outputs expected when no

objects touch said upper surface.
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19. The touch screen of claim 10 wherein said first and second lens

assemblies comprise a repeating three-sided lens pattern for directing light

beams from each of said light emitters in three directions.

20. The touch screen of claim 19 wherein the light directed from each

of said emitters in three directions is received by three of said light detectors

situated along three different edges of said layer.
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