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CLAIMS: 

1. An optical device, comprising: 

a light-transmitting substrate having at least two major surfaces, edges and 

an output aperture; 

an optical element for coupling light waves into the substrate to effect 

total internal reflection, and 

at least one flat reflecting surface having at least one active side located 

between the two major surfaces of the light-transmitting substrate for coupling 

light waves out of the substrate, 

wherein light waves trapped inside the substrate are reflected at least  

twice by the at least one active side of the at least one reflecting surface before being 

coupled out from the substrate through the output aperture and are substantially 

reflected from one of the major surfaces between the first and the second reflections 

from the reflecting surface. 

2. The optical device according to claim 1, wherein the major surfaces of  

the substrate are parallel to each other and the light waves trapped inside  

the substrate are plane light waves. 

 

3. The optical device according to claim 2, wherein different light rays  

from the same plane trapped inside the substrate, propagate inside the substrate  

with two different off-axis angles in relation to the normal to at least one of the 

major surfaces of the substrate. 

 

4. The optical device according to claim 1, wherein the optical element for 

coupling light waves into the substrate is a second reflecting surface carried on  

a slanted edge of the substrate and parallel to the flat reflecting surface. 

 

5. An optical device, comprising: 

a light-transmitting substrate having at least two major surfaces and edges; 
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an optical element for coupling light waves into the substrate to effect  

total internal reflection; 

at least one partially reflecting surface positioned outside of the  

substrate, and 

at least one flat reflecting surface having at least one active side located 

between the two major surfaces of the light-transmitting substrate for coupling  

light waves out of the substrate, 

wherein light waves trapped inside the substrate are substantially  

reflected at least twice by the active side of the reflecting surface before being 

coupled out from the substrate and are reflected from said at least one partially 

reflecting surface into a viewer’s eye. 

 

6. The optical device according to claim 5, wherein the light waves  

reflected by the at least one partially reflecting surface pass through the substrate. 

 

7. The optical device according to claim 5, wherein the at least one  

partially reflecting surface is embedded inside a transparent prism having at  

least two external surfaces. 

 

8. The optical device according to claim 7, wherein one of the external 

surfaces of the prism is optically attached to one of the major surfaces of the 

substrate defining an interface plane; 

light waves coupled out of the substrate by the flat reflecting surface 

substantially pass through the interface plane without any significant 

reflectance, and 

light waves coupled inside the substrate are substantially reflected by the 

interface plane without any significant transmittance. 

 

9. The optical device according to claim 7, wherein the prism is cemented  

by means of an optical adhesive, to one of the major surfaces of the substrate   

the refractive index of the optical adhesive is substantially lower than the 

refractive index of the substrate. 
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10. The optical device according to claim 5, wherein an angular sensitive 

reflecting coating is applied to the flat reflecting surface, the flat reflecting 

surface is substantially reflective for light waves coupled out from the substrate 

by the flat reflective  surface, and 

the flat reflecting surface is substantially transparent for light waves  

which are reflected by an array of partially reflecting surfaces and pass  

through the substrate. 

 

11. The optical device according to claim 4, wherein two light rays from the 

same plane light wave coupled into the substrate by the second reflecting surface 

remotely separated from each other, are coupled-out from the substrate  

by the flat reflecting surface adjacent to each other. 

 

12. The optical device according to claim 1, further comprising a second  

light-transmitting substrate having at least two parallel major surfaces and  

edges, an optical element for coupling light waves into the second substrate to 

effect total internal reflection and a second reflecting surface located between 

the two major surfaces of the second light-transmitting substrate for coupling 

light waves out of the second substrate, 

wherein at least part of the light waves impinging on the second  

reflecting surface are coupled into the first substrate and at least part of the light 

waves impinges on the second reflecting surface pass through the surface  

and coupled into the second substrate. 

 

13. The optical device according to claim 12, wherein the two substrates are 

optically cemented to each other by means of an optical adhesive, and the  

refractive index of the optical adhesive is lower than the refractive  

index of at least one of the substrates. 

 

14. The optical device according to claim 4, wherein the second reflecting  

surface is an angular sensitive reflecting surface. 
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15. The optical device according to claim 1, further comprising a slanted  

surface embedded inside the substrate, wherein the slanted surface is parallel to  

the flat reflecting surface. 

 

16. The optical device according to claim 15, wherein the slanted surface is  

an angular sensitive reflecting surface. 

 

17. The optical device according to claim 15, wherein the slanted surface is 

a partially reflecting surface. 

 

18. The optical device according to claim 1, wherein the optical element for  

coupling light waves into said substrate is a transparent prism and the light  

waves which are coupled into the substrate pass through the transparent prism. 

 

19.  The optical device according to claim 2, wherein different light rays 

from the same plane light wave trapped inside the substrate are reflected by the 

same side of the flat reflecting surface a different number of reflections, before 

being coupled out from the substrate through the output aperture. 

 

20. The optical device according to claim 4, wherein different light rays  

from the same plane light wave trapped inside the substrate are reflected by the 

second reflecting surface a different number of reflections before being coupled 

into the substrate. 

 

 




