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(57) Abstract: A light-guide illumination device and system comprises a light source, a light redirecting slab and a light guide slab
assembly. The light redirecting slab includes a generally planar face having optical redirecting elements, the optical redirecting ele -
ments having respective optical coupling surfaces situated distally from the planar face. The light guide slab assembly includes a
planar face having an optically transmissive interface layer assembled onto a first planar face of the light guide slab and optically
coupled to receive transmitted light directed from the light source. The light guide slab is pressed onto the redirecting slab such that
the interface layer is deformed, creating optical bonds at the optical coupling surfaces of the optical redirecting elements, the formed
optical bonds providing optical apertures for light transmission therethrough.
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TITLE Light Guide lllumination Devices
FIELD

[0001] The present disclosure relates generally to an apparatus and system having a

direct optical coupling interface for light guided illumination devices.

BACKGROUND

[0002]In an effort to protect Earth’s environment and to conserve natural resources, the
reduction of greenhouse gas emissions has been identified as a priority by governments
around the world. One way to reduce greenhouse gas emissions is to reduce energy
consumption. The consumption of energy can be reduced by using energy efficient

devices, including illumination devices.

[0003] Optical illumination devices and systems using planar or slab light guides are
energy efficient illumination devices. Such illumination devices typically include various
layers of optically transmissive layers or media. Conventionally such illumination
devices may be divided into a layer that receives and guides light from one or more light
sources (in the present application called a light guide layer — but also called a variety of
other names in the art) for insertion into a layer that redirects the light (in the present
application called a light redirection layer — but also called by a variety of other names in
the art) for emission from the illumination device. Depending on the configuration and
construction of a particular illumination device, these layers may be areas of a unitarily
manufactured structure or may be separate physical structures that have been
separately manufactured and subsequently brought together to form a single structure
that operates as a unit. Some examples of planar illumination devices are shown in
U.S. Patent Application Publication No. US2010/0202142.

[0004] Where the layers are manufactured separately and are subsequently assembled
to form a unit, the interfaces between the layers inherently present discontinuities in the

optical transmission path, such that light being transmitted can be subject to reflection
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losses, more commonly known as Fresnel losses in the art, particularly when the layers
are misaligned. The degree of Fresnel losses affecting the efficiency of light
transmission depends on the quality of the optical bond or coupling existing at a given
optical transmission interface and the quality of the fabrication of the optical

components.

[0005] Current conventional planar illumination devices that are highly efficient are
therefore not easy to manufacture as extreme precision, both in the fabrication of the
layers and in their alignment when they are brought together to form a unit, is required.
Small defects either in fabrication or in alignment will have a very significant negative
effect on the percentage of light received from the light source that the illumination
device is able to emit, and must generally be avoided.

[0006] To the extent that optical coupling across the different light transmission
materials and layers used in light guide illumination devices can be made more efficient,
such as (but not limited to) reducing Fresnel losses, a higher performance product
having lowered energy consumption while providing a higher-intensity output, can be

achieved.

SUMMARY OF THE INVENTION

[0007] Provided is an illumination device comprising at least one light source, a light
redirecting slab made of optically transmissive material and comprising an optical output
surface and an array of optical redirecting elements, each of the optical redirecting
elements having an optical coupling surface situated distally from the optical output
surface and at least one light redirecting surface for receiving light from the optical
coupling surface and redirecting the light received therefrom toward the optical output
surface for emission therefrom; a substantially planar light guide slab made of an
optically transmissive material and having a first surface, a second surface opposite the
first surface and at least one input surface, the at least one input surface for receiving

light from the at least one light source; and an array of optical apertures optically
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coupling the first surface of the light guide slab and the optical coupling surfaces of the
light redirecting slab, the optical apertures formed by at least one deformed optical
coupling element. The first surface, the second surface and the at least one deformed
optical coupling element structured and arranged one with respect to the other such that
light entering the light guide layer is guided through the light guide layer via one or more

reflections for insertion into the light redirecting slab.

[0008]In one embodiment, the device further comprises at least one secondary optical
element redirecting at least a portion of the light from one or more of the at least one
light source into the light guide slab, each secondary optical element in optical
communication with one or more of the at least one input surface of the light guide slab
and with one or more of the at least one light source. In a further embodiment, the
illumination device further comprises at least one deformable secondary optical coupling
element, each secondary optical coupling element coupling one of the at least one
optical input surface of the light guide layer to an optical exit surface of one of the at
least one secondary optical element. The secondary optical element is situated above

the light guide slab and one of the at least one light source in yet another variation.

[0009]In yet another embodiment, the deformed optical coupling element is a single
optically transmissive interface layer disposed between the light guide slab and the light
redirecting slab to form the array of optical apertures. In an alternate arrangement, the
deformed optical coupling element is a plurality of optically transmissive interface layers,
each one of the plurality of optically transmissive interface layers disposed between the
light guide slab and the optical coupling surface of one of the array of optical redirecting
elements to form one of the array of optical apertures. In another variation, the
deformed optical coupling element is at least a portion of each of the optical redirecting

elements including the optical coupling surface of the optical redirecting elements.

[0010] The deformed optical coupling element may comprise a soft polymer material

that is elastomeric, for example, a silicone material.

[0011]In an embodiment, the optical output surface may comprise collimating elements.

In another variation, the optical output surface may be substantially planar.
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[0012] The light redirecting surface, in one embodiment, redirects light via total internal
reflection. In a further arrangement, the light redirecting surface may include a parabolic

section in cross-section.

[0013] In one embodiment of the illumination device, each of the optical redirecting
elements comprises a first light redirecting surface for receiving light that generally
travelled in a first direction through the light guide slab and a second light redirecting
surface for receiving light that generally travelled in a second direction, opposite the first
direction, through the light guide slab, both of the first and the second light redirecting
surfaces being optically coupled to the optical coupling surface of the said optical
redirecting element and being structured and arranged to redirect light impinging
thereon toward the optical output surface, wherein at least one peripheral edge of the
light guide slab comprises a reflective element to reflect light that would otherwise
escape from the light guide slab back into the light guide slab. In a further arrangement,
the reflective element is a mirror coating. In yet another variation, the reflective element

is a prism for redirecting light via total internal reflection back into the light guide slab.

[0014] In another embodiment of the illumination device, the first surface and the
second surface of the light guide slab are substantially planar and parallel to one
another. In a further variation, the light guide slab is generally wedge-shaped and tapers
away from the at least one light source. In yet another variation, the first surface of light

guide slab is stepped.

[0015] In yet another arrangement of the illumination device, the first surface of the light
guide slab comprises a planar light guide layer and a plurality of light steepening
elements extending from the planar light guide layer, each of the light steepening
elements comprising at least one reflective surface for moderating the steepness of
angles of the light being transmitted through the light guide slab to provide output light
of generally uniform intensity across the light output surface, the steepness of the
reflective surface increasing progressively from the at least one light source toward a

peripheral edge of the light guide slab.
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[0016] The illumination device, in yet another variation, may have a linear geometry,
wherein the optical redirecting elements are arranged in parallel lines. The light source
may be located along a peripheral edge parallel to the optical redirecting elements, in a
further arrangement. In yet another arrangement, the illumination device may have a
central axis, wherein the at least one light source is located along the central axis and
wherein each of the optical redirecting elements are annular, of a sequentially

increasing diameter and concentrically arranged about the central axis.

[0017] In yet another embodiment of the illumination device, the optical redirecting
elements are annular and are located along substantially concentric circle arcs and the
input surface is shaped as a circle arc substantially concentric with the optical
redirecting elements and forms a portion of the peripheral edge of the light guide slab.

[0018] In yet a further variation of the illumination device, the light redirecting slab has a
circular circumference, and the concentric circle arcs along which the optical redirecting
elements are located are eccentric with the circular circumference of the light redirecting
slab. The optically transmissive material of both the light redirecting slab and the light

guide slab may be elastomeric.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments will now be described by way of example only, with reference to

the following drawings in which:

[0020] Figure 1A shows an illumination device including one embodiment of an optical

coupling interface directing transmission of light from a light source;

[0021] Figure 1B shows further detail of the optical coupling interface of the illumination

device of Figure 1A;

[0022] Figure 2 shows the illumination device including an optical aperture interface in

an alternate embodiment;
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[0001]Figure 3A shows an embodiment of the illumination device including bi-

directional redirecting elements arranged for collimated light output;
[0002] Figure 3B shows further detail of the illumination device of Figure 3A;

[0003]Figure 4A shows an embodiment of the illumination device having an

arrangement of varying light redirecting angles for collimated light output;
[0004] Figure 4B shows further detail of the illumination device of Figure 4A;

[0005]Figure 5 shows an embodiment of the illumination device including clamping

means,;

[0006] Figure 6 shows an alternate embodiment of the illumination device having a

stepped light guide and redirecting elements of varying size;

[0007]Figure 7 shows an alternate embodiment of the illumination device having a
wedge shaped light guide;

[0008]Figures 8A, 8B and 8C show an illumination device made of a flexible light

transmissive material;

[0009]Figure 9A shows another embodiment of the illumination device having bi-

directional redirecting elements arranged for collimated light output;
[0010] Figure 9B shows a revolved embodiment of the illumination device of FIG. 9A.

[0011]Figure 10 shows a linear embodiment of the illumination device having a light

cylinder at one planar edge surface;

[0012]Figure 11A shows a top perspective view of a semi-broad beam embodiment of

the illumination device of the present invention;

[0013]Figure 11B shows a cross section of the semi-broad beam embodiment of the

illumination device of figure 11A,;



WO 2013/140285 PCT/IB2013/051732

[0014]Figure 12A shows a top perspective view of another embodiment of the
ilumination device of the present invention having revolved light redirecting elements

and linear light collimating lenses;
[0015] Figure 12B shows a cross section of the illumination device of figure 12A;

[0016]Figure 13A shows a perspective view of an embodiment of the illumination
device of the present invention where the light source is edge-mounted, having
concentric, partially revolved light redirecting elements and linear light collimating

lenses; and

[0017]Figure 13B shows a cross section of the illumination device of figure 13A.

DETAILED DESCRIPTION

[0018] Figures 1A and 1B show an illumination device 100 having an optical coupling
element providing optical apertures for transmission of light from a light source

therethrough to a light output surface 120.

[0019] The illumination device 100 includes a light source 101, and optionally, a
secondary optical element 102 (a supplementary light dispersal optic feature) directing
the transmission of light from the light source 101 into a light guide slab 108. The
illumination device 100 further comprises an optically transmissive interface layer 107
that is an optical coupling element between the light guide slab 108 and a light
redirecting slab 103. The light redirecting slab 103 includes a generally planar portion
104 having an output surface 120 and a plurality of optical redirecting elements 105, the
optical redirecting elements 105 each having an optical coupling surface 106 situated

distally from the output surface 120.

[0020] The light redirecting slab may be made of any suitable optically transmissive
material, such as glass or injection molded poly(methyl methacrylate) (PMMA). Other

non-limiting examples of light transmissive materials include Cyclo Olefin Polymers
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(COP), Cyclo Olefin Copolymers (COC), other polymeric materials, and combinations

thereof.

[0021] The light guide slab 108 may similarly be made of any suitable optically
transmissive material, such as glass or PMMA, and has an input surface 122 for
accepting light from the light source 101, a generally planar first surface 123 and a
generally planar second reflective surface 124. The optically transmissive interface layer
107 may be comprised of a soft material such as a silicone which is deformable under
an applied pressure, and is overmolded, or bonded with an optically transmissive
adhesive to the planar first surface 123 of the light guide slab 108. Alternatively, but less
desirably, the optically transmissive interface layer 107 may be formed separately from
the light guide slab 108 and assembled onto the planar first surface 123. In the latter
embodiment, the optically transmissive interface layer 107 is optically coupled or
bonded to the light guide slab 108 wherever sufficient pressure is applied to deform the
optically transmissive interface layer 107 against the light guide slab 108, thereby
eliminating air between the optical coupling surfaces 106 and the interface layer 107.
Suitable (deformable) silicone will be in the range of 20-60 on the Shore OO scale or 1-
14 on the Shore O scale, and injection molded Evonik™ 8N will be in the range of 1-35
on the Brinell scale or 75-100 on the Rockwell M scale. The light guide slab 108 and the
optically transmissive interface layer 107 are collectively referred to as a light guide

assembly 126.

[0022] The light guide slab 108 is optically coupled to and receives transmitted light
directed from the secondary optical element 102 through the input surface 122. Optical
bonds creating optical apertures 109 for coupling light from the light guide slab 108 to
the light coupling surfaces 106 of the light redirecting slab 103 are formed at each
optical coupling surface 106 of the optical redirecting elements 105 when the light
redirecting slab 103 is pressed onto the optically transmissive interface layer 107. The
light guide slab 108 is otherwise separated from the light redirecting slab 103 by areas
125.
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[0023] The light redirecting slab 103 may further include an arrangement of collimating
elements such as collimating lenses 110 to provide collimated light 111 output at the
light output surface 120. Where the entire optically transmissive interface layer 107 is
optically bonded to the light guide slab 108, light is guided by and travels within the light
guide assembly via reflections on the first surface 150 of the optically transmissive
interface layer 107 and the planar second reflective surface 124. Where areas 125 are
comprised of a material or gas having an index of refraction that is lower than the
material of the light guide slab 108, the reflections may be total internal reflections. The
range of angles at which light enters the waveguide may be defined by the geometry of
the secondary optic 102.

[0024] The light source 101, may be, but is not limited to one or more LEDs, a compact
fluorescent tube, a small incandescent light bulb or solar light transmitted via optical
fibres, and may be located along an axis of symmetry 121 of the illumination device
100. The illumination device 100 may have a linear geometry or a revolved geometry.
An illumination device 100 with a linear geometry has redirecting elements 105 that are
arranged along substantially parallel lines. An illumination device 100 with a revolved
geometry is radially symmetric about the axis of symmetry 121, with redirecting
elements 105 forming concentric rings about the axis of symmetry 121.

[0025] Figure 1B shows further configuration detail of the optical apertures 109, formed
by applying pressure on or squeezing the optically transmissive interface layer 107
between the optical coupling surfaces 106 and the light guide slab 108 of the
ilumination device 100 depicted in Figure 1A such that an optical bond is formed
therebetween. Light 112 emitted from the light source 101 is guided by the light guide
slab 108 until it escapes through the optical apertures 109 into the light redirecting slab
103.

[0026] Each optical redirecting element 105 is associated with an optical aperture 109
and comprises a light redirecting surface 115. Each light redirecting surface 115
receives at least a portion of the light 112 passing through the corresponding optical

aperture 109 and redirects the received light at an angle of redirection 114 into the
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planar portion 104. Each light redirecting surface 115 can be a reflective surface. By
way of example, the reflective surface can reflect light by total internal reflection or off of
a reflective coating (sometimes referred to in the art as mirror coating). In the event that
light is reflected via total internal reflection, this is caused by the difference in refractive
indices of the light redirecting slab 103 and the material filling the areas 125 between
the light guide assembly 126 and the light redirecting slab 103, which in this case may
be air. In the event that the light redirecting surfaces are mirror coated, not-limiting
examples of reflective materials include metals such as aluminum or silver, or a

dielectric.

[0027] Each of the optical redirecting surfaces 115 of the redirecting elements 105 can
be a parabolic section in cross-section . Where the parabolic section has a focal point in
the vicinity of the optical aperture 109, the light entering the light redirecting slab 103
through the corresponding optical aperture 109 will be redirected by the redirecting
surface 115 toward the optical output surface 120 as substantially parallel rays. The
geometry of the optical redirecting elements 105 may be configured to provide
effectively varying angles of redirection 114, for example, by steepening the light
redirecting surfaces 115 of the optical redirecting element 105. The light redirecting
surfaces 115 and collimating lenses 110 may be arranged such that light 111 exiting the

ilumination device 100, through the light output surface 120, is collimated.

[0028] Figure 2 shows another embodiment of an illumination device 200. The
illumination device 200 includes a light source 201, a secondary optical element 202
directing transmission of light from the light source 201, a light redirecting slab 218 and
a light guide slab 208. The light redirecting slab 218 comprises an optically transmissive
layer 203 having a planar face 204 and an output surface 220, and an array of optical
redirecting elements 205. The optically transmissive layer 203 may be made of any
optically transmissive material such as glass or injection molded PMMA. The array of
optical redirecting elements 205 are made of a deformable, optically transmissive
material having a similar index of refraction to that of the optically transmissive layer
203. For example, the optical redirecting elements 205 can be injection molded soft

silicone which is deformable under pressure, and overmolded or bonded with an

10
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optically transmissive adhesive onto the planar face 204 of the optically transmissive
layer 203 to form the redirecting slab 218 and also serve as optical coupling elements.
The optical redirecting elements 205 include redirecting surfaces 215, and optical
coupling surfaces 206 situated distallyfrom the planar face 204. The output surface 220
of the light redirecting slab 218 may further include an arrangement of collimating
elements such as collimating lenses 210 which, in conjunction with the redirecting
surfaces 215, provide collimated output light 211 at the light output surface 220.

[0029] The illumination device 200 has an axis of symmetry 221 along which the light
source 201 lies. In a linear embodiment, the redirecting elements 205 are arranged
along substantially parallel lines about the axis of symmetry 221. Alternatively, the
ilumination device 200 may be radially symmetric about the axis of symmetry 221, the
redirecting elements 205 and lenses 210 forming concentric rings about the axis of

symmetry 221.

[0030] The light guide slab 208 has a first reflective surface 223 and a second reflective
surface 224, both of which may be planar surfaces. The light guide slab 208 is in optical
communication with the secondary optical element 202 and may be optically coupled
thereto by a secondary optical coupling element 227. The secondary optical coupling
element 227 is made of an optically transmissive material that is deformable under an
applied pressure, such as silicone. The light guide slab 208 may be secured against the
redirecting slab 218 by one or more fasteners such as clamps, to apply a constant and
controlled pressure, thereby deforming the optical coupling surfaces 206 and creating
optical apertures 209 between the optical coupling surfaces 206 and the light guide slab
208.

[0031] Light travels within the light guide slab 208 via reflections between the first
reflective surface 223 and the second reflective surface 224. The reflections may be
total internal reflections where areas 225 between the light guide slab 208 and the
redirecting slab 218 are filled by a material or gas with an index of refraction that is

lower than that of the light guide slab 208 (e.g. where areas 225 are air gaps).

11
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[0032] Each redirecting element 205 is associated with an optical aperture 209 and
each light redirecting surface 215 receives at least a portion of the light 212 that passes
through the corresponding optical aperture 209 formed at the coupling surface 206 and

redirects the received light into the optically transmissive layer 203.

[0033]Figure 3A shows an embodiment of an illumination device 300, having a light
source 301, a secondary optical element 302, a light redirecting slab 303, a bi-
directional light guide slab 308, an optically transmissive interface layer 307 between
the light redirecting slab 303 and the bi-directional light guide slab 308, and a central

axis of symmetry 321.

[0034] The light guide slab 308 comprises a planar first surface 323 and a planar
second reflective surface 324, and is optically coupled to the secondary optical element

302, which directs the transmission of light from the light source 301.

[0035] The redirecting slab 303 has redirecting elements 305 and a light output surface
320, and can be made of any optically transmissive material, such as glass or injection
molded PMMA. In the illustrated embodiment, each redirecting element 305 comprises
an optical coupling surface 306, and two parabolic redirecting surfaces 315a and 315b
to collimate light from the light guide slab 308, travelling in opposite directions. The
ilumination device 300 may have a linear geometry or a revolved geometry. An
ilumination device 300 with a linear geometry has redirecting elements 305 that are
arranged along substantially parallel lines about the axis of symmetry. An illumination
device 300 with a revolved geometry is radially symmetric about the axis of symmetry
321, with redirecting elements 305 forming concentric rings about the axis of symmetry
321.

[0036] The optically transmissive interface layer 307 which serves as an optical
coupling element is made of a soft material such as silicone which is deformable under
an applied pressure, and may be overmolded or chemically bonded with an optically
transmissive adhesive onto the first planar reflective face 323 of the light guide slab
308, or simply placed between the light guide slab 308 and the redirecting slab 303
during the assembly of the illumination device 300, as in illumination device 100. When

12
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pressed onto the optically transmissive interface layer 307, the coupling surfaces 306 of
the light redirecting slab 303 form an array of optical apertures 309 where the coupling
surfaces 306 of the redirecting elements 305 make contact with and apply pressure to
deform the optically transmisssive interface layer 307. The optical apertures 309

optically couple the light guide slab 308 to the light redirecting slab 303.

[0037] Light 312 within the light guide assembly (comprising the light guide slab 308
and the optically transmissive interface layer 307) travels via reflections on the first
surface 350 of the optically transmissive interface layer 307 and the second reflective
surface 324 of the light guide slab 308, or is transmitted through the optical apertures
309. The reflections may be total internal reflections where areas 325 between the light
guide assembly 326 and the redirecting slab 318 are filled by a material or gas with an
index of refraction that is lower than that of the light guide assembly. The light guide
slab 308 may be made of glass, having a mirror coating 338 on its outer edge to
achieve bi-directional transmission of light from the light source 301 through the light
guide slab 308.

[0038] The light redirecting surfaces 315a and 315b may be shaped and arranged to
collimate the light entering the redirecting slab 303 through the optical apertures 309. As
an example, each of the redirecting surfaces 315a and 315b may be a parabolic section
in cross-section. If the parabolic sections have focal points in or very near the optical
aperture, the light entering the light redirecting slab through the corresponding optical
aperture will be redirected by the redirecting surfaces toward the optical output surface
120 as substantially parallel rays, i.e., collimated light 311. This collimated light 311 is
outputted at the output surface 320.

[0039] Figure 3B shows an expanded section of Figure 3A, detailing optical apertures
309, created by the deformation of the interface layer 307 which optically couple the
light guide slab 308 to the light redirecting slab 303.

[0040] With regard to Figure 4A, an embodiment of the illumination device 400, has a
light redirecting slab 418, a bi-directional light guide slab 428, a secondary optical
element 402, and a light source 401. The light redirecting slab 418 comprises a planar

13
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portion 403, having a planar output surface 420 and a planar face 404, and a plurality of
optical redirecting elements 405. The planar portion 403 is made of a rigid, optically
transmissive material, such as glass or PMMA, and the light redirecting elements 405
may be injection molded of soft silicone or a similar light transmissive deformable
material overmolded or bonded with an optically transmissive adhesive onto the planar
face 404 to form the light redirecting slab 418 and to serve as optical coupling elements.
In the embodiment of Figures 4A and 4B, each light redirecting element 405 is provided

with an optical coupling surface 406 and two light redirecting surfaces 415a and 415b.

[0041] The light guide slab 428 comprises a planar light guide layer 408 and a plurality
of light steepening elements 429. The light steepening elements 429 extend from the
light guide layer 408 between the deflecting elements 405. The light guide slab 428
guides light from the light source 401, at least a portion of the light 412 having been
redirected by the secondary optical element 402. The light guide layer 408 is made of a
rigid, optically transmissive material, such as glass or PMMA. The light steepening
elements 429 can be overmolded or bonded with an optically transmissive adhesiveonto
the light guide layer 408 to form the light guide slab 428. Each of the light steepening
elements 429 have at least one reflective surface 430 that influences the direction and
steepness of the light 412 being transmitted within the light guide layer 408, and
therefore moderating the output of light from the light guide slab 428 into the light
redirecting slab 418.

[0042] The steepness of the reflective surfaces 430 of the light steepening elements
429 can increase progressively from the axis of symmetry 421 of the light guide slab
428 toward peripheral edge or edges 417, such that the angles of incidence of the light
within the light guide slab 428 progressively and continuously decrease from the axis of
symmetry 421 to the peripheral edge 417 to provide output light of generally balanced,
uniform intensity across the light output surface 420 of the illumination device 400.
Without such light steepening elements 429 there would generally be a higher intensity
of light 412 within the light guide layer 408 near the light source 401, and most of the
light would escape through the optical apertures 409 near the center of the illumination

device 400. Having light steepening elements of lower steepness near the center

14
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causes the majority of the light to be redirected away from the optical apertures 409
near the axis of symmetry 421. As the intensity of light within the light guide layer 408
would generally decrease toward the peripheral edge or edges 417, the light steepening
elements 429 progressively decrease the angles of incidence of the light traveling within
the waveguide, hence increasing the intensity of the light escaping into the light
redirecting slab 418 toward the peripheral edge or edges 417 and providing a more
even distribution of light intensity across the output surface 420. The outer edge or
edges 417 of the light guide layer 408, may be mirror coated 438 to redirect light
approaching the edges back into the light guide slab 428 toward the axis of symmetry
421 to be coupled into the redirecting slab 418.

[0043] Figure 4B shows an expanded section of figure 4A, detailing the effect of the
light steepening objects 429 progressively decreasing the angle of incidence of the light
412 from the central axis of symmetry 421 to the peripheral edge or edges 417, and
thereby moderating the intensity of the light escaping from the light guide slab 428
through the optical apertures 409, created by the deformation of the optical coupling
surfaces 406. The function of the secondary optical element 402, redirecting light from

the light source 401 into the light guide layer 408, is also shown.

[0044] The light guide slab 428 may be aligned and secured against the optical
coupling surfaces 406 of optical redirecting elements 405 by one or more fasteners
such as clamps, to apply a constant and controlled pressure, thereby deforming the
optical coupling surfaces 406 and creating optical apertures 409 between the optical

coupling surfaces 406 and the light guide slab 428.

[0045] Figure 5 shows an embodiment of an illumination device 500 including a light
redirecting slab 518, a light guide slab 528, and a light source 501 that lies along an
axis of symmetry 521.

[0046] The light redirecting slab 518 includes a light redirecting layer 503 and light
transmissive interface layers 507. The light redirecting layer 503 has an output surface
520 and redirecting elements 505. The light redirecting layer 503 is made of a rigid,
optically transmissive material, such as injection molded PMMA. Each redirecting
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element 505 comprises two light redirecting surfaces 515a and 515b to collimate light
512 from opposite directions to be outputted from and substantially normal to the output
surface 520, and an optical coupling surface 506 to couple light from the light guide slab
528. The light transmissive interface layers 507 may be made of soft silicone or similar
material and may be overmolded or bonded with an optically transmissive adhesive

onto each optical coupling surface 506 and thus serve as optical coupling elements.

[0047] The light guide slab 528 is composed of a light guide layer 508 and light
steepening objects 529. The light guide layer 508 is made of an optically transmissive
material, such as glass or PMMA, having a first planar surface 523 and a second
reflective surface 524. The light guide layer 508 may optionally have a mirror coating
538 on its outer edge 517. In the embodiment illustrated in Figure 5, the light source
501 is held within a cavity 542 of the light guide layer 508 and is optically coupled
directly to the light guide slab 528. The light steepening elements 529, which may be
overmolded or bonded with an optically transmissive adhesive onto the first surface 523
of the light guide layer 508, moderate the angles of light within the light guide layer 508
and may be designed to even out the intensity of the light output from a light output
surface 520. Fasteners 540 may be provided for securing the light redirecting slab 518
in a pressed position against the light guide slab 528, thereby creating optical apertures
509 at the surfaces 550 where the interface layers 507 are deformed by the pressure so
applied, coupling each of the coupling surfaces 506 to the light guide slab 528. As an
example, the fasteners 540 may comprise (a) clamping retainer(s) applied either
continuously around the peripheral edge(s) 541 of the light redirecting slab 518, or
discretely at least at 2 locations around the peripheral edge(s) 541.

[0048] Figure 6 shows, in an alternate embodiment, a portion of an illumination device
600 having optical redirecting elements 605 of varying size and a stepped light guide
slab 608 arranged to create an optical output 611 of generally uniform intensity across a
light output surface 620 of the illumination device 600, transmitted from a light source
601. An optically transmissive redirecting layer 603 has optical redirecting elements 605
that are progressively longer when transitioning from the center towards the peripheral

edge. The redirecting layer 603 may be injection molded of an optically transmissive
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material such as PMMA. The optical redirecting elements 605 have redirecting surfaces
615 and light coupling surfaces 606. The light redirecting slab 618 comprises optically
transmissive interface layers 607 made of an optically transmissive and deformable
material such as soft silicone which extend from the optical coupling surfaces 606 and
serve as optical coupling elements. The optically transmissive interface layers 607 may
be bonded with an optically transmissive adhesive or overmolded onto the optical
coupling surface layers 606 or assembled with the optical coupling surfaces 606. When
the light redirecting slab is pressed against the light guide slab, the optically
transmissive interface layers 607 are deformed at the surface 650 of the interface layers
607, creating optical apertures 609 coupling light from the light guide slab 608,
permitting light propagation through the optical apertures 609 of progressively larger
amounts of light from the central axis of symmetry towards the peripheral edge of the
ilumination device 600, thereby providing light of generally uniform intensity across light
output surface 620 of the light redirecting slab 618.

[0049] Figure 7 shows a portion of an alternate embodiment of an illumination device
700, having a wedge-shaped light guide slab 708. An optical interface layer 707 which
serves as an optical coupling element, can be placed between the light guide slab 708
and a light redirecting slab. The light redirecting slab has optical redirecting elements
705 including redirecting surfaces 715 and optical coupling surfaces 706. The light
guide slab 708 may be secured against the redirecting slab, by a means such as but not
limited to clamping, to apply a constant and controlled pressure, thereby deforming the
optical interface layer 707 to create optical apertures 709 between the optical coupling
surfaces 706 and the light guide slab 708, and to securely hold the optical interface
layer 707 in position. In an alternate embodiment, the light guide slab may include an

optically bonded or overmolded optical interface layer 707.

[0050] Figures 8A, 8B and 8C show a cross-section of an illumination device 800
having a central axis of symmetry 821, a redirecting slab 803, a bi-directional light guide
slab 808, a secondary optical element 802, and a light source 801. The light redirecting
slab 803 comprises a planar portion having a planar optical output surface 820, and an

array of light redirecting elements 805. The light redirecting elements each have an
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optical coupling surface 806 and light redirecting surfaces 815a and 815b. The light
guide slab 808 includes a planar portion with a reflective surface 824 and light
steepening elements 829 on the side opposing the reflective surface 824. The light
steepening elements 829 moderate the steepness of angles of incidence of the light 812
being transmitted within the light guide slab 808, thereby moderating the intensity of the
light output from the light guide slab 808 into the light redirecting slab 803.

[0051] Both the light redirecting slab 803 and the light guide slab 808 may be injection
molded of soft silicone or a similar light transmissive, deformable material. In some
embodiments, the light guide slab 808 and the secondary optic 802 may be molded as a
single piece of the same material. The light redirecting slab 803 and the light guide slab
808 are generally separated by areas 825. Light is guided by and travels within the light
guide slab 808 via reflections on the light steepening elements 829 and the reflective
surface 824. Where the areas 825 are filled by a material or gas with an index of
refraction that is lower than that of the light redirecting slab 803 and the light guide slab
808, light 812 undergoes total internal reflection on the light steepening elements 829
and on the redirecting surfaces 815a and 815b. The second reflective surface 824 of
the light guide slab 808 can also reflect light via total internal reflection. The outer
surface 817 of the light guide slab 808 can have a mirror or reflective coating 838 to
reflect light approaching the edges back into the light guide slab 808. The light guide
slab 808 may be secured against the redirecting slab 803, by a means such as but not
limited to clamping, to apply a constant and controlled pressure. When the light
transmissive, deformable material of the optical coupling surfaces 806 comes into
contact with first surface 823 of the light guide slab 808 between the light steepening
elements 829, the redirecting elements 805 will become optically coupled to the light

guide slab 808, creating optical apertures 809, to transmit light therethrough.

[0052] As in the embodiment of Figures 4 and 5, the light steepening elements 829
moderate the angles of light within the light guide slab 808 and may be designed to
even out the intensity of the light 811 output from the light output surface 820. The
steepness of the light steepening elements 829 may increase progressively from the

center or axis of symmetry 821 of the light guide slab 808 towards its peripheral edge or
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edges 817, such that the angles of incidence of the light within the light guide slab 808
progressively and continuously decreases in from the center 821 to the peripheral edge
817, to provide output light 811 of generally balanced, uniform intensity across the light
output surface 820 of the illumination device 800. Without such light steepening
elements 829 there would generally be a higher intensity of light 812 within the light
guide slab 808 near the light source 801, and most of the light would escape through
the optical apertures 809 near the center of the illumination device 800. Having light
steepening elements 829 of lower steepness near the center causes the majority of the
light to be redirected away from the optical apertures 809 near the center. As the
intensity of light within the light guide layer 808 would generally decrease toward the
peripheral edge or edges 817, the light steepening elements 829 progressively
decrease the angles of incidence of the light traveling within the waveguide, hence
increasing the intensity of the light escaping into the light redirecting slab 803 toward the
peripheral edge or edges 817 and providing a more even distribution of light intensity
across the output surface 820.

[0053] The illumination device 800 may have a linear geometry or a revolved geometry.
An illumination device 800 with a linear geometry has redirecting elements 805 that are
arranged along substantially parallel lines about the axis of symmetry 821. An
illumination device 800 with a revolved geometry is radially symmetric about the axis of
symmetry 821, with redirecting elements 805 forming concentric rings about the axis of
symmetry 821.

[0054] The illumination device 800 of Figures 8A, 8B and 8C is deformable. Figure 8A
shows the illumination device 800 in its normal or resting position, where light output
811 from the output surface 820 is collimated. Figure 8B shows the illumination device
800 deformed such that the output surface 820 is convexly curved. In this embodiment
the output light 811 is non-collimated and will generally radiate away from the central
axis 821. In the embodiment of Figure 8C the illumination device 800 is deformed such
that the output surface 820 is concavely curved. In this embodiment the output light 811

is non-collimated and will generally radiate towards the axis of symmetry 821.
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[0055] Figure 9A shows anocther embodiment of an illumination device 800, The
embodiment has a light redirecting slab 918, a bi-directional light guide slab 928, a
secondary optical element 902, and a light source 901. The light redirecting slab 918
includes a planar portion 903, having a planar output surface 920 and a planar face
904, and a plurality of optical redirecting elements 905. The planar portion 903 is made
of a rigid, optically transmissive material, such as glass or PMMA, and the light
redirecting elements 905 which serve as optical coupling elements can be injection
molded of soft silicone or a similar light transmissive deformable material overmolded or
bonded with an optically transmissive adhesive onto the planar face 904 to form the
light redirecting slab 918. In this embodiment, each light redirecting element 905 is
provided with an optical coupling surface 906 and two light redirecting surfaces 915a
and 915b.

[0056] The light guide slab 928 comprises a planar light guide layer 908 having a first
planar reflective surface 923 and a second planar reflective surface 924. The light guide
slab 928 guides light from the light source 901, at least a portion of the light 912 having
been redirected by the secondary optical element 902. The secondary optical element
902 can be located above the light guide slab 928, centered about the central axis 921,
and optically coupled to the light guide slab 928 through the first planar reflective
surface 923. The light guide layer 908 is made of a rigid, optically transmissive material,

such as glass or PMMA.

[0057] An optical feature 938 such as a prism can be provided at the peripheral edge or
gdges of the light guide layer 908 to refiect the light 912 via total internal reflection back
towards the central axis 921. The light guide arrangement here provides a muitipass
light guide, which allows light o travel in the upsiream and downsiream dirgctions. Light
from the source 801 will either enter the light guide layer 908 directly, or it will be
reflacted by the secondary oplic 802 and directed into the light guide. Any light not
transmitted through an aperture 909 provided at the coupling surfaces 908 of the
redirecting elements 905 before it reaches the peripheral edge or edges of the light
guide layer 908 will be reflected by the optical feature 838 back thereinto. In this

manner, light 812 may be reflected back and forth from peripheral edge (o peripheral
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gdge, until it exils the light guide layer 808 through an aperfure 809 provided at

redirecting elements 805,

[0058] Figure 9B shows a revolved embodiment of the illumination device 800 having a
cross-section of Figure 9A.

[0059] Figure 10 shows a linear embodiment of an illumination device 1000. In this
embodiment the illumination device 1000 has a light redirecting slab 1018, a bi-
directional light guide slab 1028, and a light source 1001. In this embodiment the light
source 1001 is a tube shaped fluorescent bulb that runs down one edge of the light
guide slab 1028. The light redirecting slab 1018 includes a planar portion 1003, having
a planar output surface 1020 and a planar face 1004, and a plurality of optical
redirecting elements 1005 positioned parallel to one another. The planar portion 1003 is
made of a rigid, optically transmissive material, such as glass or PMMA, and the light
redirecting elements 1005 which serve as optical coupling elements can be injection
molded of soft silicone or a similar light transmissive deformable material overmolded or
bonded with an optically transmissive adhesive onto the planar face 1004 to form the
light redirecting slab 1018. In this embodiment, each light redirecting element 1005 is
provided with an optical coupling surface 1006 and two light redirecting surfaces 1015a
and 1015b.

[0060] The light guide slab 1028 comprises a planar light guide layer 1008 having a first
planar reflective surface 1023 and a second planar reflective surface 1024. The light
guide slab 1028 guides light from the light source 1001 for insertion into the light
redirecting slab 1018. The light guide layer 1008 is made of a rigid, optically

transmissive material, such as glass or PMMA.

[0061] An optical feature 1038 such as a prism can be provided at the edge distal (o the
ight source to reflect the light 1012 via otal internal reflection back in the direction
towards the light source 1001, Any light not transmitled through an
aperture1009 provided at the coupling surfaces 1006 of the redirecting elements 1005
before it reaches the peripheral edge or edges of the light guide layer 1008 will be
reflecied by the optical feature 1038 back thereinto.
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[0062] The light 1011 emerging from the linear illumination device 1000 will be
substantially collimated in the plane. This embodiment has applications in computer
displays and lighting. This embaodiment may alternately be linsarly symmetric, having a

plane of symmetry with the light source 1001 thereon.

[0063] There are a number of ways to achieve a broad light beam. In Figures 11A and
11B there is shown an embodiment of a semi-broad beam illumination device 1100. The
embodiment has a light redirecting slab 1118, a bi-directional light guide slab 1128, a
secondary optical element 1102, and a light source 1101. The light redirecting slab
1118 includes a planar portion 1103, having a planar output surface 1120 and a planar
face 1104, and a plurality of optical redirecting elements 1105. The planar portion 1103
is made of a rigid, optically transmissive material, such as glass or PMMA, and the light
redirecting elements 1105 which serve as optical coupling elements can be injection
molded of soft silicone or a similar light transmissive deformable material overmolded or
bonded with an optically transmissive adhesive onto the planar face 1104 to form the
light redirecting slab 1118. In this embodiment, each light redirecting element 1105 is
provided with an optical coupling surface 1106 and two light redirecting surfaces 1115a
and 1115b.

[0064] The light guide slab 1128 comprises a planar light guide layer 1108 having a first
planar reflective surface 1123 and a second planar reflective surface 1124. The light
guide slab 1128 guides light from the light source 1101, at least a portion of the light
1112 having been redirected by the secondary optical element 1102. The secondary
optical element 1102 can be located above the light guide slab 1128, centered about
the central axis 1121, and optically coupled to the light guide slab 1128 through the first
planar reflective surface 1123. The light guide layer 1108 is made of a rigid, optically

transmissive material, such as glass or PMMA.

[0065] An oplical feature 1138 such a3 a prism can be provided at the peripheral edge
or edges of the light guide fayer 1108 to refliect the light 1112 via total internal reflection
back towards the central axis 1121, The light-guide arrangement herg provides a

multipass light-guide, which allows light to travel in the upstream and downstream
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directions. Light from the source 1101 will either enter the light-guide layer 1104 directly,
or it will be reflected by the secondary oplic 1102 and directed into the light-guide. Any
ight not transmitted through an aperture 1108 provided at the coupling surfaces 1106 of
the redirecting elements 1105 before it reaches the peripheral edge or edges of the light
guide layer 1108 will be reflected by the oplical feature 1138 back thereinto. In this
manner, light 1112 may be reflected back and forth from peripheral edge to peripheral
edge, until it exits the light-guide layer 1108 through an aperture 1108 provided at the

coupling surfaces 1106 of the redirecting elements 1105,

[0066] The redirecting elements 1105 are prescribed along circular arcs 1132 and
1134. The circular arcs are not concentric with the circumference 1136 of the
illumination device 1100. In the embodiment shown in Figures 11A and 11B, the centers
of the circles that prescribe the arcs 1132 and 1134 are equidistant from the center
1121 of the illumination device 1100 itself. The resultant beam from the output surface

1120 will be collimated in the YZ plane and divergent in the XZ plane.

[0067] Figures 12A and 12B show a revolved illumination device 1200 including linear
and parallel cylindrical lenses 1210, for collimating light, on the output face 1220. The
illumination device also includes a light source 1201, and optionally, a secondary optical
element 1202 (a supplementary light dispersal optic feature) directing the transmission
of light from the light source 1201 into a light guide slab 1208, further comprising an
optically transmissive interface layer 1207 that is an optical coupling element between
the light guide slab 1208 and a light redirecting slab 1203. The light redirecting slab
1203 includes a generally planar portion 1204 having an output surface 1220 and a
plurality of revolved optical redirecting elements 1205, the optical redirecting elements
1205 each have an optical coupling surface 1206 situated distally from the output
surface 1220.

[0068] The light redirecting slab may be made of any suitable optically transmissive
material, such as glass or injection molded poly(methyl methacrylate) (PMMA). The light
guide slab 1208 may similarly be made of any suitable optically transmissive material,

such as glass or PMMA, and has an input surface 1222 for accepting light from the light
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source 1201, a generally planar first surface 1223 and a generally planar second
reflective surface 1224. The optically transmissive interface layer 1207 may be
comprised of a soft material such as silicone which is deformable under an applied
pressure, and is overmolded, or chemically bonded with an optically transmissive
adhesive to the planar first surface 1223 of the light guide slab 1208. The light guide
slab 1208 and the optically transmissive interface layer 1207 are collectively referred to
as a light guide assembly.

[0069] The light guide slab 1208 is optically coupled to and receives transmitted light
directed from the secondary optical element 1202 through the input surface 1222.
Optical bonds creating optical apertures 1209 for coupling light from the light guide slab
1208 to the light coupling surfaces 1206 of the light redirecting slab 1203 are formed at
each optical coupling surface 1206 of the optical redirecting elements 1205 when the
light redirecting slab 1203 is pressed onto the optically transmissive interface layer
1207. The light guide slab 1208 is otherwise separated from the light redirecting slab
1203 by areas 1225 which can be air gaps.

[0070] The resultant illumination device 1200 produces a broad beam, which is

divergent in the YZ plane and collimated in the XZ plane.

[0071] Figures 13A and 13B show an illumination device 1300 with a light source 1301
positioned at one edge of the illumination device 1300. The illumination device also
includes a light guide slab 1308, further comprising an optically transmissive interface
layer 1307 that is an optical coupling element between the light guide slab 1308 and a
light redirecting slab 1303. The light redirecting slab 1303 includes a generally planar
portion 1304 having an output surface 1320 and a plurality of optical redirecting
elements 1305 being, in cross section, concentric portions of circles of increasing
diameter with their center point 1321 in the vicinity of the light source 1301, the optical
redirecting elements 1305 each have an optical coupling surface 1306 situated distally
from the output surface 1320. The light redirecting slab 1303 further includes linear and
parallel cylindrical lenses 1310 on the output face 1320. The light source 1301, in this
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embodiment can be an LED, a compact fluorescent tube, a small incandescent light

bulb or solar light transmitted via optical fibres.

[0072] The light redirecting slab 1303 in the present embodiment can be made of any
suitable optically transmissive material, such as glass or injection molded PMMA. The
light guide slab 1308 is wedge shaped, in cross section, and can similarly be made of
any suitable optically transmissive material, such as glass or PMMA. The light guide
slab 1308 has an input surface 1322 for accepting light 1312 from the light source 1301,
a generally planar first surface 1323 and a generally planar second reflective surface
1324. The optically transmissive interface layer 1307 may be comprised of a soft
material such as silicone which is deformable under an applied pressure, and is
overmolded, or chemically bonded with an optically transmissive adhesive to the planar
first surface 1323 of the light guide slab 1308. The light guide slab 1308 and the
optically transmissive interface layer 1307 are collectively referred to as a light guide

assembly.

[0073] The light guide slab 1308 is optically coupled to and receives light from the light
source 1301 through the input surface 1322. Optical bonds creating optical apertures
1309 for coupling light 1312 from the light guide slab 1308 to the light coupling surfaces
1306 of the light redirecting slab 1303 are formed at each optical coupling surface 1306
of the optical redirecting elements 1305 when the light redirecting slab 1303 is pressed
onto the optically transmissive interface layer 1307. The light guide slab 1308 is
otherwise separated from the light redirecting slab 1303 by areas 1325 which can be air
gaps. The overall shape of the illumination device 1300 need not be circular but can be
square, triangular, or any appropriate shape. The resultant illumination device 1300
produces a broad beam, which is divergent in the YZ plane and collimated in the XZ

plane.

Varying modifications and improvements of the above described embodiments, and to
the optical coupling interface disclosed in the context of the device and method herein
will be apparent to those skilled in the art, without departing from the scope of the

invention as defined by the appended claims. What is claimed is:
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1. An illumination device comprising:
at least one light source;

a light redirecting slab made of optically transmissive material and comprising an
optical output surface and an array of optical redirecting elements, each of the optical
redirecting elements having an optical coupling surface situated distally from the optical
output surface and at least one light redirecting surface for receiving light from the
optical coupling surface and redirecting the light received therefrom toward the optical

output surface for emission therefrom;

a substantially planar light guide slab made of an optically transmissive material
and having a first surface, a second surface opposite the first surface and at least one
input surface, the at least one input surface for receiving light from the at least one light

source; and

an array of optical apertures optically coupling the first surface of the light guide
slab and the optical coupling surfaces of the light redirecting slab, the optical apertures
formed by at least one deformed optical coupling element;

wherein the first surface, the second surface and the at least one deformed
optical coupling element are arranged one with respect to the other such that light
entering the light guide slab is guided through the light guide slab via one or more

reflections for insertion into the light redirecting slab.

2. The illumination device of claim 1, further comprising at least one secondary
optical element for redirecting at least a portion of the light from one or more of the at
least one light source into the light guide slab, each secondary optical element in optical
communication with one or more of the at least one input surface of the light guide slab

and with one or more of the at least one light source.

3. The illumination device of claim 2, further comprising at least one deformable
secondary optical coupling element, each secondary optical coupling element coupling
one of the at least one optical input surface of the light guide slab to an optical exit

surface of one of the at least one secondary optical element.
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4, The illumination device of claim 2 or 3, wherein one of the at least one secondary
optical element is situated above the light guide slab and one of the at least one light

source.

5. The illumination device of any one of claims 1 to 4, wherein the at least one
deformed optical coupling element is a single optically transmissive interface layer
disposed between the light guide slab and the light redirecting slab to form the array of

optical apertures.

6. The illumination device of any one of claims 1 to 4, wherein the at least one
deformed optical coupling element is a plurality of optically transmissive interface layers,
each one of the plurality of optically transmissive interface layers disposed between the
light guide slab and the optical coupling surface of one of the array of optical redirecting

elements to form one of the array of optical apertures.

7. The illumination device of any one of claims 1 to 4, wherein the at least one
deformed optical coupling element is at least a portion of each of the optical redirecting

elements including the optical coupling surface of the optical redirecting elements.

8. The illumination device of any one of claims 1 to 7, wherein the deformed optical

coupling element comprises a soft polymer material that is elastomeric.

9. The illumination device of any one of claims 1 to 8, wherein the optical output

surface comprises collimating elements.

10.  The illumination device of any one of claims 1 to 8, wherein the optical output

surface is substantially planar.

11.  The illumination device of any one of claims 1 to 10, wherein the at least one light

redirecting surface redirects light via total internal reflection.

12.  The illumination device of any one of claims 1 to 11, wherein each of the at least

one light redirecting surface includes a parabolic section in cross-section.

13.  The illumination device of any one of claims 1 to 12, wherein each of the optical
redirecting elements comprises a first light redirecting surface for receiving light that
generally travelled in a first direction through the light guide slab and a second light

redirecting surface for receiving light that generally travelled in a second direction,
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opposite the first direction, through the light guide slab, both of the first and the second
light redirecting surfaces being optically coupled to the optical coupling surface of the
said optical redirecting element and being arranged to redirect light impinging thereon

toward the optical output surface; and

wherein at least one peripheral edge of the light guide slab comprises a reflective
element to reflect light that would otherwise escape from the light guide slab back into

the light guide slab.

14. The illumination device of claim 13, wherein the reflective element is a mirror

coating.

15.  The illumination device of claim 13, wherein the reflective element is a prism for

redirecting light via total internal reflection back into the light guide slab.

16.  The illumination device of any one of claims 1 to 15, wherein the first surface and
the second surface of the light guide slab are substantially planar and parallel to one

another.

17.  The illumination device of any one of claims 1 to 15, wherein the light guide slab

is generally wedge-shaped and tapers away from the at least one light source.

18.  The illumination device of claim 17, wherein the first surface of light guide slab is

stepped.

19.  The illumination device of any one of claims 1 to 15, wherein the first surface of
the light guide slab comprises a planar light guide layer and a plurality of light
steepening elements extending from the planar light guide layer, each of the light
steepening elements comprising at least one reflective surface for moderating the
steepness of angles of the light being transmitted through the light guide slab to provide
output light of generally uniform intensity across the light output surface, the steepness
of the reflective surface increasing progressively from the at least one light source

toward a peripheral edge of the light guide slab.

20.  The illumination device of any one of claims 1 to 19 having a linear geometry,

wherein the optical redirecting elements are arranged in parallel lines.

28



WO 2013/140285 PCT/IB2013/051732

21.  The illumination device of claim 20, wherein the at least one light source is

located along a peripheral edge parallel to the optical redirecting elements.

22.  The illumination device of any one of claims 1 to 19 having a central axis,
wherein the at least one light source is located along the central axis and wherein each
of the optical redirecting elements are annular, of a sequentially increasing diameter
and concentrically arranged about the central axis.

23.  The illumination device of any one of claims 1 to 19, wherein:

the optical redirecting elements are annular and are located along substantially

concentric circle arcs; and

the input surface is shaped as a circle arc substantially concentric with the optical

redirecting elements and forms a portion of the peripheral edge of the light guide slab.

24.  The illumination device of claim 23, wherein the light redirecting slab has a
circular circumference, and the concentric circle arcs along which the optical redirecting
elements are located are eccentric with the circular circumference of the light redirecting
slab.

25. The illumination device of any one of claims 1 to 24, wherein the optically
transmissive material of both the light redirecting slab and the light guide slab is

elastomeric.
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