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FLAT PANEL LENS 

BACKGROUND 

[0001] It is Well known that rays emanating from a point in 
the focal plane of a lens are collimated and that parallel rays 
incident on a lens are concentrated to a point. A ?at panel lens 
collimates rays emanating from a point but needs no volume 
for rays to fan out betWeen the point and the plane of ray 
collimation. In a ?at panel lens, however, the point and plane 
periphery are separate and there is an undesirable margin 
inbetWeen the point and plane periphery. 
[0002] There is space betWeen an ordinary lens and each of 
its focal planes and this can also make optical systems bulky. 
One proposed solution discloses a ?at panel lens that colli 
mates rays emanating from a point, or from a point to a ?at 
panel lens, Within a slim tapered light guide. The focal point 
and exit surface are approximately coplanar but displaced 
from one another because a slab of light guide is disposed 
betWeen the tWo in order that rays can fan-out from the focal 
point to the exit surface. 
[0003] Rear projection televisions are normally bulky 
because space is required betWeen the video projector and 
diffusive screen in order that the picture ?lls the screen. The 
space may be replaced by a ?at panel lens but there is no need 
to collimate the light because the screen necessarily destroys 
collimation. Thus, a simple tapered optical Waveguide With 
uniform cross-section can su?ice. HoWever, a slab of light 
guide Within Which rays from the projector fan-out forms a 
blank margin on the screen Where users Would rather Want to 
see the picture ?ll the screen. 
[0004] Alternatively, a pair of prisms can be used to fold the 
slab behind the screen, but the slab, tapered Waveguide and 
prisms must be carefully aligned and this has the potential to 
be costly. In yet another attempted solution, the direction of 
rays may be reversed in all linear optical systems and a 
tapered light guide may be used to remove the space betWeen 
a camera and the object being photographed. HoWever, a slab 
of light guide is again required, this time so that rays can 
fan-in. Although the resulting margin may be removed With 
folding prisms, these again, can be very costly. 

SUMMARY 

[0005] The folloWing presents a simpli?ed summary in 
order to provide a basic understanding of some novel embodi 
ments described herein. This summary is not an extensive 
overvieW, and it is not intended to identify key/critical ele 
ments or to delineate the scope thereof. Its sole purpose is to 
present some concepts in a simpli?ed form as a prelude to the 
more detailed description that is presented later. 
[0006] Disclosed is a ?at panel lens as a tapered light guide 
that has minimal or no margin. No folding prisms are utiliZed 
and the light guide can be formed from a single piece of 
transparent material. In one implementation, the tapered light 
guide includes a thin end, and a thick end of Which is a 
bevelled mirror or an optical equivalent. The bevel is such that 
rays injected through a point at the thin end emerge colli 
mated from one of the light guide surfaces, and that colli 
mated rays injected at an appropriate angle through one of the 
light guide surfaces emerge from a point at the thin end. 
[0007] The light guide ?nds particular application to ?at 
panel displays and displays that provide direct human tactile 
interaction (independent of conventional input devices such 
as mice and keyboards, for example), cameras, and projection 
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televisions, to name just a feW. The tapered light guide can be 
fabricated as a single piece, by extrusion, injection molding, 
or the combination/variation of extrusion and injection mold 
ing, as Well as other commonly knoWn techniques. 

[0008] To the accomplishment of the foregoing and related 
ends, certain illustrative aspects are described herein in con 
nection With the folloWing description and the annexed draW 
ings. These aspects are indicative of the various Ways in 
Which the principles disclosed herein can be practiced, all 
aspects and equivalents of Which are intended to be Within the 
scope of the claimed subject matter. Other advantages and 
novel features Will become apparent from the folloWing 
detailed description When considered in conjunction With the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates a lens system the characteristics 
and dimensions of Which reduce or eliminate the margin on a 
display. 
[0010] FIG. 2 illustrates examples of light injected into the 
receiving face of the light guide at different angles from a 
light source and the de?ected light from the re?ecting face at 
the thick end. 

[0011] FIG. 3 illustrates an alternative light guide having a 
light guide With a receiving face oriented at a different angle 
suitable to provide specular light that exits the ?rst guide 
according to the critical angle. 
[0012] FIG. 4 illustrates that rays injected into the center of 
the thin end of the light guide can fan out to the Width of the 
light guide. 
[0013] FIG. 5 illustrates that the re?ecting face can be con 
?gured as a Fresnellated surface of alternate mirror angles. 

[0014] FIG. 6 illustrates an alternative embodiment of a 
light guide having curved surfaces in Which all rays undergo 
the same number of re?ections before exit. 

[0015] FIG. 7 illustrates a light guide that provides a 
smooth transition from the tapered section to a section With 
parallel sides before light rays encounter the re?ecting face. 
[0016] FIG. 8 illustrates that the radius of curvature of the 
thick end can be tWice the length of the light guide. 
[0017] FIG. 9 illustrates a diagram that employs a repre 
sentation of duplicate light guides in Which the thick end of 
each is curved according to the implementations described in 
FIG. 7 and FIG. 8. 

[0018] FIG. 10 illustrates a technique for deriving a mini 
mum thickness of the light guide When the light guide sur 
faces are ?at. 

[0019] FIG. 11 illustrates a technique for draWing FIG. 10 
on a spherical surface so that rays entering either end of the 
light guide surface meet as When leaving the thin end. 
[0020] FIG. 12 illustrates the optical properties that can be 
employed for the re?ecting face at the thick end. 
[0021] FIG. 13 illustrates a lens system Where the re?ecting 
face can be replaced by a Bragg re?ector. 

[0022] FIG. 14 illustrates that the re?ecting face can be 
replaced by a pair of Bragg re?ectors. 
[0023] FIG. 15 illustrates an alternative embodiment of a 
lens system Where a light guide uses a graded index betWeen 
the thin end and the thick end. 
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[0024] FIG. 16 illustrates a block diagram of a computing 
system operable to employ the lens system in accordance With 
the disclosed architecture. 

DETAILED DESCRIPTION 

[0025] Disclosed is a Wedge (or tapered) light guide Where 
the point source of light is placed at the thin end and the thick 
end is a re?ector tilted so as to reduce the angle betWeen rays 
and the plane of the light guide. The re?ector can include a 
Zig-Zag (or Fresnellated) surface. The thick end can be curved 
about a point distant from the thin end of the Wedge by one 
Wedge length in a direction parallel to the axis of taper. 
Additionally, the thick end can be tWice as thick as the thin 
end. The thickness pro?le of the Wedge is proportional to sin 
[(Z+L)/kL], Where Z is distance from the thin end, L is the 
length of the Wedge, and k is a constant. 
[0026] Reference is noW made to the draWings, Wherein 
like reference numerals are used to refer to like elements 
throughout. In the folloWing description, for purposes of 
explanation, numerous speci?c details are set forth in order to 
provide a thorough understanding thereof. It may be evident, 
hoWever, that the novel embodiments can be practiced With 
out these speci?c details. In other instances, Well knoWn 
structures and devices are shoWn in block diagram form in 
order to facilitate a description thereof. The intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the claimed subject matter. 
[0027] FIG. 1 illustrates a lens system 100 the characteris 
tics and dimensions of Which reduce or eliminate the margin 
on a display. The lens system 100 includes a Wedge-shaped 
light guide 102 having a ?rst guide surface 104 and second 
guide surface 1 06 that tapers from a thick end 108 to a thin end 
110. The light guide 100 also includes a receiving face 112 at 
the thin end 110 for receiving light 114 injected into the light 
guide 102, and a re?ecting face 116 (also referred to as a 
bevelled or tilted mirror, and re?ecting surface) at the thick 
end 108 of the light guide 102 for de?ecting incident light 118 
back to the ?rst guide surface 104 (and possibly the second 
guide surface 106), the de?ected incident light 120 (or specu 
lar light) exiting the ?rst guide surface 104 (or display sur 
face) before reaching the receiving face 112. 
[0028] FIG. 2 illustrates examples 200 of light injected into 
the receiving face 112 of the light guide 102 at different 
angles from a light source 202 and the de?ected light from the 
re?ecting face 116 at the thick end 108. The re?ecting face 
116 (the bevelled mirror) causes rays injected at the thin end 
110 to be de?ected in such a Way as to reach a critical angle 
(the angle at Which the light Will depart the light guide 102 
rather than re?ect internally) and depart the tapered 
Waveguide (the light guide 102) at a point dependent on the 
associated angle of injection by the light source 202. The 
re?ecting face 116 de?ects incident rays so that the de?ected 
incident rays return toWard the thin end 110 but With a much 
reduced angle relative to an axis 204 perpendicular to a plane 
206 of the light guide 102. After de?ection, the diminishing 
thickness encountered in the direction of the thin end 110 by 
each ray causes the ray angle to reduce until the ray angle is 
less than the critical angle (for the particular material of the 
light guide 102), at Which point the ray emerges from a guide 
surface (?rst guide surface 104 and/or second guide surface 
106) of the light guide 102. 
[0029] In the top example 200, the injected ray from the 
light source 202 enters the guide 102 at a loW angle, de?ects 
off the re?ecting surface 116 and returns nearly to the receiv 
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ing face 112 before exiting the ?rst guide surface 102. In the 
middle example 200, the injected ray from the light source 
202 enters the guide 102 at a higher angle than in the top 
example, de?ects off the re?ecting surface 116 and returns to 
exit the light guide 102 near the middle before reducing to the 
critical angle to exit the ?rst guide surface 102. In the bottom 
example 200, the injected ray from the light source 202 enters 
the light guide 102 at a still higher angle than in the middle 
example, de?ects off the re?ecting surface 116 and returns to 
exit the light guide 102 at the ?rst surface 102 near the 
re?ecting face 116. Thus, it is easy to see that by adjusting the 
angle at Which the light source injects the light into the receiv 
ing face 1 12, the margin can be reduced or eliminated entirely 
When vieWed from the ?rst surface 104. 

[0030] FIG. 3 illustrates an alternative light guide system 
300 having a light guide 302 With a receiving face 304 ori 
ented at a different angle suitable to provide specular light 
that exits the ?rst guide surface 104 according to the critical 
angle. The re?ecting face 116 (the bevelled mirror) causes 
rays injected into the receiving face 304 at the thin end 110 to 
be de?ected in such a Way as to reach the critical angle and 
depart the tapered Waveguide (the light guide 302) at a point 
dependent on the associated angle of injection by the light 
source 202. The re?ecting face 116 de?ects incident rays so 
that the de?ected incident rays (or specular rays) return 
toWard the thin end 110 but With a much reduced angle rela 
tive to an axis 306 perpendicular to a plane 308 of the light 
guide 302. After re?ection, the diminishing thickness 
encountered in the direction of the thin end 110 by each ray 
causes the ray angle to reduce until the ray angle is less than 
the critical angle, at Which point the ray emerges from a guide 
surface (the ?rst guide surface 104 and/or second guide sur 
face 106) of the light guide 302. 
[0031] FIG. 4 illustrates that rays 400 injected into the 
center of the thin end 110 the light guide 102 can fan out to the 
Width of the light guide 102 so that after de?ecting off the 
re?ecting face 116 (also called the bevelled mirror) at the 
thick end 108, the rays 400 illuminate the Whole area (the 
entirety) of a front surface 402 (similar to the ?rst guide 
surface 104) of the light guide 102. Light exiting the Whole 
area of the front surface 402 is represented by ray arroWs 
exiting near each of the four comers of the front surface 402. 
There is therefore no need for a blank margin Within Which 
rays can fan out, as in conventional systems in the loWer half 
of the light guide 102 near the light source 202. 
[0032] It has been shoWn conventionally that for a smooth 
light guide, the product of light guide thickness With the 
cosine of the ray angle relative to the perpendicular of the 
light guide is a constant number. It folloWs that thickness 
times the sine of the ray angle relative to the plane of the light 
guide is also a constant number. The sine of a small angle is 
approximately proportional to the angle itself, so it can be 
said that the product of the thickness With the ray angle itself 
is approximately constant. Consider that light rays are 
injected into the thick end 108 into the light guide 102 by the 
light source 202 (e.g., laser, LED) at a uniformly distributed 
range of angles betWeen Zero and the critical angle, and that 
the light guide 102 gradually tapers to half its input thickness 
(e.g., at the thin end 110). The angle of rays reaching the thin 
end 110 Will have doubled so half of the injected rays have 
exceeded the critical angle and are no longer guided. 
[0033] Instead, as in the disclosed technique, rays are 
injected at the thin end 110 and the angles of the rays 400 Will 
all be less than half the critical angle at the thick end 108. An 
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appropriately angled re?ecting face 116 re?ects the rays 400 
so that all rays 400 are returned at greater than half the critical 
angle. Thus, all rays 400 leave the light guide 102 before 
reaching the thin end 110. Therefore, in one implementation, 
the thick end 108 of the light guide 102 is at or about tWice the 
thickness of the thin end 110. 
[0034] The three rays shoWn in the top, middle and bottom 
examples 200 of FIG. 2 are all incident on the re?ecting face 
116 at the thick end 108 from the left-hand side in the light 
guide 102. Rays Will, hoWever, also be incident from the 
right-hand side and these rays Will propagate back doWn the 
light guide 102 and be lost to the system through the thin end 
110, so there can be gaps in the projected image. 
[0035] FIG. 5 illustrates that the re?ecting face 116 can be 
con?gured as a Fresnellated surface 500 of alternate mirror 
angles. The Fresnellated surface 500 can be embossed on the 
thick end 108 to ensure that for any incident ray 502, a portion 
504 of the ray 502 is lost, but a specular portion 506 goes on 
to form an image 508 so that the image is uniform and formed 
free of gaps (margins). Accordingly, the Fresnellated surface 
500 for the re?ecting face 116 on the thick end 108 comprises 
pairs of re?ecting planes (510 and 512) the normals of Which 
share the same component resolved in the plane of the light 
guide 102 but have equal and opposite components perpen 
dicular to the plane of the light guide 102. 
[0036] Discontinuities in an image projected through a 
tapered light guide With straight sides Will form at the point 
Where a small change in ray injection angle causes the ray to 
undergo an extra re?ection. The loWer part of the projected 
image on the front surface 402 in FIG. 4 is closer to the light 
source 202 (e.g., projector) than the upper part, so the pro 
jected image can be subject to keystone distortion (a distor 
tion in image dimensions that makes the image look similar to 
a trapeZoid) because the re?ecting face 116 at the thick end 
108 is ?at. 
[0037] FIG. 6 illustrates an alternative embodiment of a 
light guide 600 having curved surfaces in Which all rays 
undergo the same number of re?ections before exit. The 
re?ecting face 116 is curved about an axis 602 perpendicular 
to the plane of the light guide 600 and With a radius of 
curvature equal to tWice the length of the light guide 600. 
Rays no longer fan out after re?ection so keystone distortion 
is eliminated. HoWever, it can be desirable that the edges of a 
display be straight. Thus, the re?ecting face 116 may instead 
be a Fresnel surface and the collimating action of this may be 
integrated With the actions of the re?ecting planes 510 and 
512 (of FIG. 5) into a single prismatic surface. 
[0038] The surface provided by curving the re?ecting face 
116 is approximately cylindrical. A disadvantage of cylindri 
cal mirrors (or surfaces) is the introduction of an astigmatism 
that can degrade resolution. This is resolved as folloWs. 

[0039] FIG. 7 illustrates a light guide 700 that provides a 
smooth transition from the tapered section 702 to a section 
704 With parallel sides before light rays encounter the re?ect 
ing face 116. The re?ecting face 116 at the end of the light 
guide 700 is curved With a uniform radius of curvature such 
that a ?rst corner 706 de?ned by the ?rst guide surface 104 
and the curved re?ecting face 116, and a second comer 708 
de?ned by the second guide surface 106 and the curved 
re?ecting face 116, both are right angles. When employing 
the Fresnel surface 500 of FIG. 5, the re?ecting planes (510 
and 512) conform to this curvature so that the angle made by 
each of the planes (510 and 512) relative to the re?ecting face 
116 is constant. 
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[0040] FIG. 8 illustrates that the radius of curvature 800 of 
the thick end 108 can be tWice the length of the light guide 
102. As described herein above in one implementation, it can 
be optimal for the thick end 108 of the light guide 102 to be 
double the thickness of the thin end 110. Moreover, since the 
light guide 102 has ?at surfaces (the ?rst guide surface 104 
and second guide surface 106), the radius of curvature for the 
thick end 108 equals tWice the length of the light guide 102. 
This means that the re?ecting face 116 has the same radius of 
curvature about the axis 604 depicted in FIG. 6 as indicated 
about axis 602 in order to minimize keystone distortion. The 
combined curvature of the thick end 108 is therefore spheri 
cal, in Which case the re?ecting face 116 introduces no astig 
matism and resolution is not degraded. 
[0041] The path of a ray through a light guide can be found 
by tracing the ray alternately to upper and loWer surfaces and 
calculating the angle of re?ection off each surface; hoWever, 
this can be laborious and poorly informative. If the light guide 
has ?at surfaces, it is simpler and optically equivalent to draW 
a ray straight through a stack of duplicates of the tapered light 
guide until the ray crosses an intersection at less than the 
critical angle, When the ray Will in reality emerge into air. It is 
also permissible to use a reverse approach by draWing the ray 
in reverse; in other Words, rather than injecting the ray at one 
end of the light guide and tracing ray progression until it 
emerges from a surface, the ray can be traced from the surface 
of a stack of light guides back to a light guide end With the 
proviso that the ray leaves the surface at the critical angle and 
never exceeds the critical angle. 
[0042] FIG. 9 illustrates such a diagram 900 that employs a 
representation of duplicate light guides 902 in Which the thick 
end 108 of each is curved according to the implementations 
described in FIG. 7 and FIG. 8. Using the reverse approach 
described above, incident rays 904 imposed on What can 
actually be an exit surface 906 (similar to ?rst guide surface 
104) re?ect off the re?ecting face 116 of thick end 108. The 
duplicate light guides 902 at the thick end 108 combine into a 
curve of constant radius, thereby concentrating parallel rays 
approximately to a point 908 at a distance equal to half the 
radius of curvature of the curve. 

[0043] If the thick end 108 Were perfectly smooth, this 
point 908 Would be at the thin end 110 of the top light guide 
of the duplicate light guides 902, but the action of the Fresnel 
planes (510 and 512 of FIG. 5) is to de?ect half of each ray 
such that the point of focus of the de?ected halves is at the thin 
end 110 of one of the duplicates 902 loWer in the stack. In an 
optimum implementation, all rays undergo the same number 
of re?ections betWeen entrance and exit. FIG. 9 demonstrates 
that this is an inherent property of the embodiment illustrated 
because each ray crosses the same number of light guide 
interfaces as any other ray. 

[0044] Perpendicular to the plane of FIG. 9, rays traced 
from the thin end 110 are approximately collimated by re?ec 
tion off the spherical surface of the re?ecting face 116, so an 
image projected through the light guide experiences little 
distortion. Collimated rays have no skeW, so the projected 
image exhibits uniformity. 
[0045] Additionally, rays can be injected into the receiving 
face at the thin end of the light guide so as to emerge from any 
point on the display surface, thereby reducing, or eliminating 
margins entirely. That the sides of the light guides have no 
curvature helps preserve the resolution of an image projected 
through the light guide. Moreover, this also means that the 
lens system is simple to make. 












