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- (54) Title: OPTICAL WAVEGUIDESo
(57) Abstract: An optical waveguide includes a coupling optic and a waveguide body. According to one embodiment, the body in-
eludes a first curved surface that extends between an input surface and an end surface and a second surface opposite the first surface.

¾ The input surface has a first thickness disposed between the first and second surfaces and the end surface has a second thickness dis -
posed between the first and second surfaces less than the first thickness.



TITLE

OPTICAL WAVEGUIDES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Patent Application

Serial Number 61/758,660, filed January 30, 2013, entitled "Optical Waveguide," and is a

continuation of U.S. Patent Application Serial Number 13/842,521, filed March 15, 2013,

entitled "Optical Waveguides," both owned by the assignee of the present application, and the

disclosures of which are incorporated by reference herein.

REFERENCE REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable

SEQUENTIAL LISTING

[0003] Not applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0004] The present inventive subject matter relates to optical waveguides, and more

particularly to optical waveguides for general lighting.

2 . Background of the Invention

[0005] An optical waveguide mixes and directs light emitted by one or more light sources,

such as one or more light emitting diodes (LEDs). A typical optical waveguide includes three

main components: one or more coupling elements, one or more distribution elements, and one or



more extraction elements. The coupling component(s) direct light into the distribution

element(s), and condition the light to interact with the subsequent components. The one or more

distribution elements control how light flows through the waveguide and is dependent on the

waveguide geometry and material. The extraction element(s) determine how light is removed by

controlling where and in what direction the light exits the waveguide.

[0006] When designing a coupling optic, the primary considerations are: maximizing the

efficiency of light transfer from the source into the waveguide; controlling the location of light

injected into the waveguide; and controlling the angular distribution of the light in the coupling

optic. One way of controlling the spatial and angular spread of injected light is by fitting each

source with a dedicated lens. These lenses can be disposed with an air gap between the lens and

the coupling optic, or may be manufactured from the same piece of material that defines the

waveguide's distribution element(s). Discrete coupling optics allow numerous advantages such

as higher efficiency coupling, controlled overlap of light flux from the sources, and angular

control of how the injected light interacts with the remaining elements of the waveguide.

Discrete coupling optics use refraction, total internal reflection, and surface or volume scattering

to control the distribution of light injected into the waveguide.

[0007] After light has been coupled into the waveguide, it must be guided and conditioned to

the locations of extraction. The simplest example is a fiber-optic cable, which is designed to

transport light from one end of the cable to another with minimal loss in between. To achieve

this, fiber optic cables are only gradually curved and sharp bends in the waveguide are avoided.

In accordance with well-known principles of total internal reflectance light traveling through a

waveguide is reflected back into the waveguide from an outer surface thereof, provided that the

incident light does not exceed a critical angle with respect to the surface.

[0008] In order for an extraction element to remove light from the waveguide, the light must

first contact the feature comprising the element. By appropriately shaping the waveguide

surfaces, one can control the flow of light across the extraction feature(s). Specifically, selecting

the spacing, shape, and other characteristic(s) of the extraction features affects the appearance of

the waveguide, its resulting distribution, and efficiency.



[0009] Hulse U.S. Patent No. 5,812,714 discloses a waveguide bend element configured to

change a direction of travel of light from a first direction to a second direction. The waveguide

bend element includes a collector element that collects light emitted from a light source and

directs the light into an input face of the waveguide bend element. Light entering the bend

element is reflected internally along an outer surface and exits the element at an output face. The

outer surface comprises beveled angular surfaces or a curved surface oriented such that most of

the light entering the bend element is internally reflected until the light reaches the output face

[0010] Parker et al. U.S. Patent No. 5,613,751 discloses a light emitting panel assembly that

comprises a transparent light emitting panel having a light input surface, a light transition area,

and one or more light sources. Light sources are preferably embedded or bonded in the light

transition area to eliminate any air gaps, thus reducing light loss and maximizing the emitted

light. The light transition area may include reflective and/or refractive surfaces around and

behind each light source to reflect and/or refract and focus the light more efficiently through the

light transition area into the light input surface of the light emitting panel. A pattern of light

extracting deformities, or any change in the shape or geometry of the panel surface, and/or a

coating that causes a portion of the light to be emitted, may be provided on one or both sides of

the panel members. A variable pattern of deformities may break up the light rays such that the

internal angle of reflection of a portion of the light rays will be great enough to cause the light

rays either to be emitted out of the panel or reflected back through the panel and emitted out of

the other side.

[001 1] A.L.P. Lighting Components, Inc. of Niles, Illinois, manufactures a waveguide

having a wedge shape with a thick end, a narrow end, and two main faces therebetween.

Pyramid-shaped extraction features are formed on both main faces. The wedge waveguide is

used as an exit sign such that the thick end of the sign is positioned adjacent a ceiling and the

narrow end extends downwardly. Light enters the waveguide at the thick end and is directed

down and away from the waveguide by the pyramid-shaped extraction features.



SUMMARY OF THE INVENTION

[0012] According to one aspect of the present invention, an optical waveguide body includes

a first curved surface that extends between an input surface and an end surface and a second

surface opposite the first surface. The input surface has a first thickness disposed between the

first and second surfaces and the end surface has a second thickness disposed between the first

and second surfaces less than the first thickness.

[001 3] In accordance with another aspect of the present invention, a waveguide body

includes a body of optically transmissive material having an input surface for light to enter the

body of optically transmissive material along a light path. The body of optically transmissive

material is curved and has an inflection region that extends transverse to the light path.

[0014] In accordance with yet another aspect of the present invention, a waveguide body

comprises a body of optically transmissive material having an input surface for light to enter the

body of optically transmissive material along a light path wherein the body of optically

transmissive material is curved and has a plurality of inflection regions.

[001 5] In accordance with a still further aspect of the present invention, a waveguide

includes a body of optically transmissive material. A plurality of LEDs is spaced about the body

of optically transmissive material such that light developed by the plurality of LEDs is directed

through an input edge surface of the body of optically transmissive surface. Extraction features

carried by the body of optically transmissive material are provided for directing light developed

by the plurality of LEDs out of the body of optically transmissive material.

[001 6] In accordance with yet another aspect of the present invention, a coupling optic

comprises a coupling optic body including a plurality of input cavities each defined by a wall

wherein a projection is disposed in each cavity. Further, a recess is disposed in each projection

and the recess of each projection is adapted to receive an associated LED.

[0017] Other aspects and advantages of the present invention will become apparent upon

consideration of the following detailed description and the attached drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is an isometric view of a first embodiment of a waveguide;

[0019] FIG. 2 is a side elevational view of the first embodiment of the waveguide;

[0020] FIG. 3A is a plan view of the waveguide of FIG. 1;

[0021] FIG. 3B is a front elevational view of the waveguide of FIG. 1;

[0022] FIG. 4 is a front elevational view of the waveguide body of FIG. 1 shown flattened to

illustrate the extraction features;

[0023] FIG. 5 is an enlarged fragmentary view of an area 5-5 of FIG. 3;

[0024] FIG. 6 is an enlarged fragmentary view of an area 6-6 of FIG. 3;

[0025] FIG. 7 is a side isometric view of a second embodiment of a waveguide body having

a regular array of extraction features;

[0026] FIG. 8 is a sectional view taken generally along the lines 8-8 of FIG. 7;

[0027] FIG. 9 is an enlarged, sectional, fragmentary, and isometric view taken along the lines

of 9-9 in FIG. 8;

[0028] FIG. 10 is an enlarged, sectional, fragmentary, and isometric view taken generally

along the lines of 10-10 of FIG. 8;

[0029] FIG. 11 is an enlarged, fragmentary plan view of several of the extraction features of

FIG. 8;

[0030] FIG. 12 is an isometric fragmentary view of a third embodiment of a waveguide body

having a stepped profile;

[0031] FIG. 13 is a plan view of the waveguide body of FIG, 12;

[0032] FIG. 14 is a sectional view taken generally along the lines 14-14 of FIG. 13;

[0033] FIG. 15 is a fragmentary, enlarged sectional view illustrating the waveguide body of

FIGS. 12-14 in greater detail;

[0034] FIG. 15A is a view similar to FIG. 5 illustrating an alternative waveguide body;

[0035] FIG. 16 is a cross sectional view of a waveguide body having slotted extraction

features;

[0036] FIG. 16A is a view similar to FIG. 16 showing a segmented slotted extraction feature;



[0037] FIGS. 17A-17C are cross sectional views of uncoated, coated, and covered extraction

features, respectively;

[0038] FIG. 18 is an isometric view of a further embodiment of a waveguide body;

[0039] FIG. 19 is plan view of the waveguide body of FIG. 18;

[0040] FIG. 20 is a side elevational view of the waveguide body of FIG. 18;

[0041] FIG. 2 1 is a side elevational view of another waveguide body;

[0042] FIG. 22 is a plan view of the waveguide body of FIG. 21;

[0043] FIG. 23 is a side elevational view of yet another waveguide body;

[0044] FIGS. 24-27 are upper isometric, lower isometric, side elevational, and rear

elevational views, respectively, of a still further waveguide body;

[0045] FIGS. 28-30 are isometric, side elevational, and front elevational views of another

waveguide body;

[0046] FIGS. 31-46 are isometric views of still further waveguides;

[0047] FIG. 44A is a sectional view of the waveguide body of FIG. 44;

[0048] FIG. 45A is an isometric view of a hollow waveguide body;

[0049] FIGS. 47 and 48 are plan and side views, respectively, of another waveguide body;

[0050] FIG. 49 is an enlarged fragmentary view of a portion of the waveguide body of FIG.

48 illustrated by the line 49-49;

[0051] FIGS. 50 and 5 1 are plan and fragmentary sectional views of yet another waveguide

body;

[0052] FIG. 52 is an isometric view of another waveguide body that is curved in two

dimensions;

[0053] FIGS. 53-55 are front, bottom, and side elevational views of another waveguide body;

[0054] FIG. 56 is an isometric view of alternative extraction features;

[0055] FIG. 57 is an isometric view of a waveguide body utilizing at least some of the

extraction features of FIG. 56;

[0056] FIG. 58 is a fragmentary isometric view of a coupling optic;

[0057] FIG. 59 is a fragmentary enlarged isometric view of the coupling optic of FIG. 58;

[0058] FIG. 60 is a diagrammatic plan view of another waveguide body;



[0059] FIG. 6 1 is a sectional view taken generally along the lines 61-61 of FIG. 60;

[0060] FIG. 62 is a diagrammatic plan view of a still further waveguide body;

[0061] FIG. 63 is a sectional view taken generally along the lines 63-63 of FIG. 62;

[0062] FIG. 64 is an isometric view of yet another waveguide body;

[0063] FIG. 65 is a cross sectional view of the waveguide body of FIG. 64;

[0064] FIG. 66 is a cross sectional view of a still further waveguide body;

[0065] FIG. 67 is an isometric view of yet another waveguide body having inflection points

along the path of light therethrough;

[0066] FIG. 68 is a cross sectional view taken generally along the lines 68-68 of FIG. 67; and

[0067] FIG. 69 is a side elevational view taken generally along the view lines 69-68 of FIG.

67.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0068] In general, the curvature and/or other shape of a waveguide body and/or the shape,

size, and/or spacing of extraction features determine the particular light extraction distribution.

All of these options affect the visual uniformity from one end of the waveguide to another. For

example, a waveguide body having smooth surfaces may emit light at curved portions thereof.

The sharper the curve is, the more light is extracted. The extraction of light along a curve also

depends on the thickness of the waveguide body. Light can travel through tight curves of a thin

waveguide body without reaching the critical angle, whereas light that travels through a thick

waveguide body is more likely to strike the surface at an angle greater than the critical angle and

escape.

[0069] Tapering a waveguide body causes light to reflect internally along the length of the

waveguide body while increasing the angle of incidence. Eventually, this light strikes one side at

an angle that is acute enough to escape. The opposite example, i.e., a gradually thickening

waveguide body over the length thereof, causes light to collimate along the length with fewer

and fewer interactions with the waveguide body walls. These reactions can be used to extract

and control light within the waveguide. When combined with dedicated extraction features,

tapering allows one to change the incident angular distribution across an array of features. This,



in turn, controls how much, and in what direction light is extracted. Thus, a select combination

of curves, tapered surfaces, and extraction features can achieve a desired illumination and

appearance.

[0070] Still further, the waveguide bodies contemplated herein are made of any suitable

optically transmissive material, such as an acrylic material, a silicone, a polycarbonate, a glass

material, or other suitable material(s) to achieve a desired effect and/or appearance.

[0071] As shown in FIGS. 1-3B, a first embodiment of a waveguide 50

comprises a coupling optic 52 attached to a main waveguide body 54. At least one light source

56, such as one or more LEDs, is disposed adjacent to the coupling optic 52. The light source 56

may be a white LED or may comprise multiple LEDs including a phosphor-coated LED either

alone or in combination with a color LED, such as a green LED, etc. In those cases where a soft

white illumination is to be produced, the light source 56 typically includes a blue shifted yellow

LED and a red LED. Different color temperatures and appearances could be produced using

other LED combinations, as is known in the art. In one embodiment, the light source 56

comprises any LED, for example, an MT-G LED incorporating TrueWhite® LED technology as

developed and manufactured by Cree, Inc., the assignee of the present application.

[0072] The waveguide body 54 has a curved, tapered shape formed by a first surface 58 and

a second surface 60. Light emitted from the light source 56 exits an output surface 62 of the

coupling optic 52 and enters an input surface 64 at a first end 66 of the waveguide body 54.

Light is emitted through the first surface 58 and reflected internally along the second surface 60

throughout the length of the waveguide body 54. The waveguide body 54 is designed to emit all

or substantially all of the light from the first surface 58 as the light travels through the waveguide

body 54. Any remaining light may exit the waveguide 54 at an end surface 70 located at a

second end 68 opposite the first end 66. Alternatively, the end surface 70 may be coated with a

reflective material, such as a white or silvered material to reflect any remaining light back into

the waveguide body 54, if desired.

[0073] The curvature of the first surface 58 of the waveguide body 54 allows light to escape,

whereas the curvature of the second surface 60 of the waveguide body 54 prevents the escape of



light through total internal reflection. Specifically, total internal reflection refers to the internal

reflection of light within the waveguide body that occurs when the angle of incidence of the light

ray at the surface is less than a threshold referred to as the critical angle. The critical angle

depends on the indices of refraction (N) of the material of which the waveguide body is

composed and of the material adjacent to the waveguide body. For example, if the waveguide

body is an acrylic material having an index of refraction of approximately 1.5 and is surrounded

by air, the critical angle, , is as follows:

C= arcsin (Na i i / Nai ) = arcsin (1.5 / 1) = 41.8°

[0074] In the first embodiment, light is emitted through the first surface 58 of the waveguide

body 54 in part due to the curvature thereof.

[0075] As shown in FIGS. 1 and 2, the taper of the waveguide body 54 is linear between the

input surface 64 and the end surface 70. According to one embodiment, a first thickness at the

input surface 64 is 6 mm and a second thickness of the end surface is 2 mm. The radius of

curvature of the first surface 58 is approximately 200 mm and the radius of the curvature of the

second surface 60 is approximately 200 mm.

[0076] Further, the number, geometry, and spatial array of optional extraction features across

a waveguide body affects the uniformity and distribution of emitted light. As shown in the first

embodiment of the waveguide body 54 in FIGS. 3A, 3B and 4-6, an array of discrete extraction

features 72 having a variable extraction feature size is utilized to obtain a uniform or nearly

uniform distribution of light. Specifically, the extraction features 72 are arranged in rows and

columns wherein the features in each row extend left to right and the features in each column

extend top to bottom as seen in FIGS. 3A and 3B. The extraction features 72 closest to the light

source may be generally smaller and/or more widely spaced apart so that in the length dimension

of the waveguide body 54 the majority of light travels past such features to be extracted at

subsequent parts of the waveguide body 54. This results in a gradual extraction of light over the

length of the waveguide body 54. The center-to-center spacing of extraction features 72 in each

row are preferably constant, although such spacing may be variable, if desired. The extraction



features 72 contemplated herein may be formed by injection molding, embossing, laser cutting,

calender rolling, or the extraction features may added to the waveguide body 54 by a film.

[0077] Referring to FIGS. 3A and 3B, extraction features 72 on the first surface 58 of the

waveguide body 54 permit the light rays to exit the waveguide body 54 because the angles of

incidence of light rays at the surface of the extraction features 72 are greater than the critical

angle. The change in size (and, optionally, spacing) of the extraction features 72 over the length

of the waveguide body 54 results in a uniform or nearly uniform distribution of light emitted

from the waveguide body 54 over the length and width thereof. Preferably, as seen in FIGS. 4

and 5, the extraction features 72 nearest the light source 56 are approximately 0.5 mm in width

by 0.5 mm in length and 0.5 mm in depth. Also preferably, the extraction features at such

location have a center-to-center spacing of about 2mm. Still further, as seen in FIGS. 4 and 6,

the extraction features 72 farthest from the light source 56 are preferably approximately 1.4 mm

(width) by 1.4 mm (length) by 1.4 mm (depth). In addition, the extraction features 72 at such

location are also spaced apart about 2 mm (measured center-to-center). While the extraction

features 72 are illustrated as having a constant spacing along the waveguide body 54, the features

may instead have variable spacing as noted above. Thus, for example, the spacing between the

features may decrease with distance from the light source 56. The increased size (and, possibly,

density) of extraction features 72 as seen in FIG. 6 allows for the same amount of light to be

emitted as the smaller extraction features 72 seen in FIG. 5. While a uniform distribution of light

is desired in the first embodiment, other distributions of light may be contemplated and obtained

using different arrays of extraction features.

[0078] Referring next to FIGS. 7-1 1, a further embodiment of a waveguide body 74 is

illustrated. The waveguide body 74 is identical to the waveguide body 54, with the exception

that the sizes and densities of extraction features 76 are constant along an outer surface 77. The

waveguide body 74 further includes an input surface 78, an end surface 79 opposite the input

surface 78, and an inner surface 80 and is adapted to be used in conjunction with any coupling

optic and one or more light sources, such as the coupling optics disclosed herein and the LED 56



of the previous embodiment. The dimensions and shape of the waveguide body 74 are identical

to those of the previous embodiment.

[0079] As seen in FIGS. 9-1 1, each extraction feature 76 comprises a V-shaped notch formed

by flat surfaces 81, 82. End surfaces 83, 84 are disposed at opposing ends of the surfaces 81, 82.

The end surfaces 83, 84 are preferably, although not necessarily, substantially normal to the

surface 77. In one embodiment, as seen in FIG. 9, the surface 8 1 is disposed at an angle al with

respect to the surface 77 whereas the surface 82 is disposed at an angle a2 with respect to the

surface 77. While the angles al and a2 are shown as being equal or substantially equal to one

another in FIGS. 9-1 1, the objective in a preferred embodiment is to extract all or substantially

all light during a single pass through the waveguide body from the input surface 78 to the end

surface 79. Therefore, light strikes only the surfaces 81, and little to no light strikes the surfaces

82. In such an embodiment the surfaces 81, 82 are be disposed at different angles with respect to

the surface 77, such that al is about equal to 140 degrees and a2 is about equal to 95 degrees, as

seen in FIG. 17A.

[0080] The extraction features 76 shown in FIGS. 9-1 1 may be used as the extraction

features 72 of the first embodiment, it being understood that the size and spacing of the

extraction features may vary over the surface 58, as noted previously. The same or different

extraction features could be used in any of the embodiments disclosed herein as noted in greater

detail hereinafter, either alone or in combination.

[0081] Referring to FIGS. 12-15, a third embodiment of a waveguide body 90 utilizes

extraction features 92 in the form of a plurality of discrete steps 94 on a surface 98 of the

waveguide body 90. The waveguide body 90 has an input surface 9 1 and an end surface 93. The

steps 94 extend from side to side of the waveguide body 90 whereby the input surface 9 1 has a

thickness greater than the thickness of the end surface 93. Any coupling optic, such as any of the

coupling optics disclosed herein, may be used with the waveguide body 90. Light either refracts

or internally reflects via total internal reflection at each of the steps 94. The waveguide body 90

may be flat (i.e., substantially planar) or curved in any shape, smooth or textured, and/or have a

secondary optically refractive or reflective coating applied thereon. Each step 94 may also be



angled, for example, as shown by the tapered surfaces 96 in FIG. 15, although the surfaces 96

can be normal to adjacent surfaces 98, if desired.

[0082] FIG. 15A illustrates an embodiment wherein extraction features 92 include surfaces

96 that form an acute angle with respect to adjacent surfaces 98, contrary to the embodiment of

FIG. 15. In this embodiment, the light rays traveling from left to right as seen in FIG. 15A are

extracted out of the surface including the surfaces 96, 98 as seen in FIG. 15, as opposed to the

lower surface 99 (seen in FIGS. 14 and 15A).

[0083] Yet another modification of the embodiment of FIGS. 12-15 is seen in FIGS. 47-49

wherein the tapered waveguide body 90 includes extraction features 92 having surfaces 96

separated from one another by intermediate step surfaces 95. The waveguide body 90 tapers

from a first thickness at the input surface 9 1 to a second, lesser thickness at the end surface 93.

Light is directed out of the lower surface 99.

[0084] Further, the steps 94 may be used in conjunction with extraction features 76 that are

disposed in the surfaces 98 or even in each step 94. This combination allows for an array of

equally spaced extraction features 72 to effect a uniform distribution of light. The changes in

thickness allows for a distribution of emitted light without affecting the surface appearance of the

waveguide.

[0085] Extraction features may also be used to internally reflect and prevent the uncontrolled

escape of light. For example, as seen in FIG. 17A, a portion of light that contacts a surface 8 1 of

a typical extraction feature 76 escapes uncontrolled. FIG. 16 illustrates a waveguide body 108

having a slotted extraction feature 110 that redirects at least a portion of light that would

normally escape back into the waveguide body 108. The slotted extraction feature 110

comprises a parallel-sided slot having a first side surface 111 and a second side surface 112. A

portion of the light strikes the slotted extraction feature 110 at a sufficiently high angle of

incidence that the light escapes through the first side surface 111. However, most of the escaped

light reenters the waveguide body 108 through the second side surface 112. The light thereafter

reflects off the outer surface of the waveguide body 108 and remains inside the body 108. The

surface finish and geometry of the slotted extraction feature 110 affect the amount of light that is



redirected back into the waveguide body 108. If desired, a slotted extraction feature 110 may be

provided in upper and lower surfaces of the waveguide body 108. Also, while a flat slot is

illustrated in FIG. 16, curved or segmented slots are also possible. For example, FIG. 16A

illustrates a curved and segmented slot comprising slot portions 114a, 114b. Parallel slotted

extraction features may be formed within the waveguide as well as at the surface thereof, for

example, as seen at 113 in FIG. 16. Any of the extraction features disclosed herein may be used

in or on any of the waveguide bodies disclosed herein. The extraction features may be equally or

unequally sized, shaped, and/or spaced in and/or on the waveguide body.

[0086] In addition to the extraction features 72, 76, 94, 110, 113, and/or 114, light may be

controlled through the use of discrete specular reflection. An extraction feature intended to

reflect light via total internal reflection is limited in that any light that strikes the surface at an

angle greater than the critical angle will escape uncontrolled rather than be reflected internally.

Specular reflection is not so limited, although specular reflection can lead to losses due to

absorption. The interaction of light rays and extraction features 102 with and without a specular

reflective surface is shown in FIGS. 17A-17C. FIG. 17A shows the typical extraction feature 76

with no reflective surface. FIG. 17B shows a typical extraction feature 76 with a discrete

reflective surface 115 formed directly thereon. The discrete reflective surface 15 formed on

each extraction feature 76 directs any light that would normally escape through the extraction

feature 76 back into the waveguide body 74. FIG. 17C shows an extraction feature 76 with a

discrete reflective surface 116 having an air gap 117 therebetween. In this embodiment, light

either reflects off the surface 8 1 back into the waveguide body 74 or refracts out of the surface

81. The light that does refract is redirected back into the waveguide body 74 by the reflective

surface 116 after traveling through the air gap 117. The use of non-continuous reflective

surfaces localized at points of extraction reduces the cost of the reflective material, and therefore,

the overall cost of the waveguide. Specular reflective surfaces can be manufactured by

deposition, bonding, co-extrusion with extraction features, insert molding, vacuum metallization,

or the like.

[0087] Referring to FIGS. 18-20, a further embodiment of a waveguide body 120 includes a

curved, tapered shape formed by a first surface 122 and a second surface 124. Similar to the first



embodiment of the waveguide 54, light enters an input surface 126 at a first end 128 of the

waveguide 120. Light is emitted through the first surface 122 and reflected internally along the

second surface 124 throughout the length of the waveguide body 120. The waveguide body 120

is designed to emit all or substantially all of the light from the first surface 122 as the light

travels through the waveguide body 120. Thus, little or no light is emitted out an end face 132

opposite the first end 128.

[0088] FIG. 20 shows a cross-section of the waveguide 120 body taken along the width

thereof. The distance 134 between the first and second surfaces 122, 124 is constant along the

width. The first and second surfaces 122, 124 have a varied contour that comprises linear

portions 136 and curved portions 138. The waveguide body 120 has a plurality of extraction

features 140 that are equally or unequally spaced on the surface 122 and/or which are of the

same or different size(s) and/or shape(s), as desired. As noted in greater detail hereinafter, the

embodiment of FIGS. 18-20 has multiple inflection regions that extend transverse to the general

path of light through the input surface 126. Further, as in all the embodiments disclosed herein,

that waveguide body is made of an acrylic material, a silicone, a polycarbonate, a glass material,

or the like.

[0089] FIGS. 2 1 and 22 illustrate yet another embodiment wherein a series of parallel,

equally-sized linear extraction features 198 are disposed in a surface 199 at varying distances

between an input surface 200 of a waveguide body 202. Each of the extraction features 198 may

be V-shaped and elongate such that extraction features 198 extend from side to side of the

waveguide body 202. The spacing between the extraction features 198 decreases with distance

from the input surface 200 such that the extraction features are closest together adjacent an end

surface 204. The light is extracted out of a surface 206 opposite the surface 199.

[0090] Figure 23 illustrates an embodiment identical to FIGS. 2 1 and 22, with the exception

that the waveguide features 198 are equally spaced and become larger with distance from the

input face 200. If desired, the extraction features 198 may be unequally spaced between the

input and end surfaces 200, 204, if desired. As in the embodiment of FIGS. 2 1 and 22, light is

extracted out of the surface 206.



[0091 ] FIGS. 24-27 illustrate yet another embodiment of a waveguide body 240 having an

input surface 242, an end surface 244, and a J-shaped body 246 disposed between the surfaces

242, 244. The waveguide body 240 may be of constant thickness as seen in FIGS. 24-27, or may

have a tapering thickness such that the input surface 242 is thicker than the end surface 244.

Further, the embodiment of FIGS. 24-27 is preferably of constant thickness across the width of

the body 240, although the thickness could vary along the width, if desired. One or more

extraction features may be provided on an outer surface 248 and or an inner surface 250, if

desired, although it should be noted that light injected into the waveguide body 240 escapes the

body 240 through the surface 248 due to the curvature thereof.

[0092] FIGS. 28-30 illustrate a still further embodiment of a waveguide 260 including an

input surface 262. The waveguide body 260 further includes first and second parallel surfaces

264, 266 and beveled surfaces 268, 270 that meet at a line 272. Light entering the input surface

262 escapes through the surfaces 268, 270.

[0093] A further embodiment comprises the curved waveguide body 274 of FIG. 31. Light

entering an input surface 275 travels through the waveguide body 274 and is directed out an

outer surface 276 that is opposite an inner surface 277. As in any of the embodiments disclosed

herein, the surfaces 276, 277 may be completely smooth, and/or may include one or more

extraction features as disclosed herein. Further, the waveguide body may have a constant

thickness (i.e., the dimension between the faces 276, 277) throughout, or may have a tapered

thickness between the input surface 275 and an end surface 278, as desired. As should be

evident from an inspection of FIG. 31, the waveguide body 274 is not only curved in one plane,

but also is tapered inwardly from top to bottom (i.e., transverse to the plane of the curve of the

body 274) as seen in the FIG.

[0094] In the case of an arc of constant radius, a large portion of light is extracted at the

beginning of the arc, while the remaining light skips along the outside surface. If the bend

becomes sharper with distance along the waveguide body, a portion of light is extracted as light

skips along the outside surface. By constantly spiraling the arc inwards, light can be extracted

out of the outer face of the arc evenly along the curve. Such an embodiment is shown by the



spiral- shaped waveguide body 280 of FIG. 32 (an arrow 282 illustrates the general direction of

light entering the waveguide body 280 and the embodiments shown in the other FIGS.). These

same principles apply to S-bends and arcs that curve in two directions, like a corkscrew. For

example, an S-shaped waveguide body 290 is shown in FIG. 33 and a corkscrew-shaped

waveguide body 300 is shown in FIG. 34. Either or both of the waveguide bodies is of constant

cross sectional thickness from an input surface to an end surface or is tapered between such

surfaces. The surfaces may be smooth and/or may include extraction features as disclosed

herein. The benefit of these shapes is that they produce new geometry to work with, new ways

to create a light distribution, and new ways to affect the interaction between the waveguide shape

and any extraction features.

[0095] FIGS. 35-46 illustrate further embodiments of waveguide bodies 310, 320, 330, 340,

350, 360, 370, 380, 390, 400, and 410, respectively, wherein curvature, changes in profile and/or

cross sectional shape and thickness are altered to create a number of effects. The waveguide

body 310 is preferably, although not necessarily, rectangular in cross sectional shape and has a

curved surface 312 opposite a flat surface 314. The curved surface 312 has multiple inflection

regions defining a convex surface 312a and a convex surface 312b. Both of the surfaces 312,

314 may be smooth and/or may have extraction features 316 disposed therein (as may all of the

surfaces of the embodiments disclosed herein.) Referring to FIGS. 36 and 37, the waveguide

bodies 320, 330 preferably, although not necessarily, have a rectangular cross sectional shape,

and may include two sections 322, 324 (FIG. 36) or three or more sections 332, 334, 336 (FIG.

37) that are disposed at angles with respect to one another. FIG. 38 illustrates the waveguide

body 340 having a base portion 342 and three curved sections 344a-344c extending away from

the base portion 342. The cross sections of the base portion 342 and the curved portions 344 are

preferably, although not necessarily, rectangular in shape.

[0096] FIGS. 39 and 40 illustrate waveguide bodies 350 and 360 that include base portions

352, 362, respectively. The waveguide body 350 of FIG. 39 includes diverging sections 354a,

354b having outer surfaces 356a, 356b extending away from the base portion 352 that curve

outwardly in convex fashion. The waveguide body 360 of FIG. 40 includes diverging sections



364a, 364b having outer surfaces 366a, 366b that curve outwardly in convex and concave

fashion.

[0097] The waveguide bodies 370, 380, and 390 of FIGS. 41-43 all have circular or elliptical

cross sectional shapes. The waveguide bodies 370, 380 have two sections 372, 374 (FIG 41) or

three or more sections 382, 384, 386 (FIG. 42). The waveguide body 390 of FIG. 43 preferably,

although not necessarily, has a circular or elliptical cross sectional shape and, like any of the

waveguide bodies disclosed herein (or any section or portion of any of the waveguide bodies

disclosed herein) tapers from an input surface 392 to an output surface 394.

[0098] The waveguide body 400 of FIGS. 44 and 44A is substantially mushroom-shaped in

cross section comprising a base section 402 that may be circular in cross section and a circular

cap section 404. Extraction features 406 may be provided in the cap section 404. Light may be

emitted from a cap surface 408.

[0099] FIGS. 45 and 46 illustrate that the cross sectional shape may be further varied, as

desired. Thus, for example, the cross sectional shape may be triangular as illustrated by the

waveguide body 410 or any other shape. If desired, any of the waveguide bodies may be hollow,

as illustrated by the waveguide body 412 seen in FIG. 45A, which is identical to the waveguide

body 410 of FIG. 45 except that a triangular recess 414 extends fully therethrough. FIG. 46

illustrates substantially sinusoidal outer surfaces 422, 424 defining a complex cross sectional

shape.

[001 00] FIG. 50 illustrates a waveguide body 440 that is preferably, although not necessarily,

planar and of constant thickness throughout. Light is directed into opposing input surfaces 442a,

442b and transversely through the body 440 by first and second light sources 56a, 56b, each

comprising, for example, one or more LEDs, and coupling optics 52a, 52b, respectively, which

together form a waveguide. Extraction features 444, which may be similar or identical to the

extraction features 76 or any of the other extraction features disclosed herein, are disposed in a

surface 446. As seen in FIG. 5 1 light developed by the light sources 56a, 56b is directed out a

surface 448 opposite the surface 446. As seen in FIG. 50, the density and/or sizes of the

extraction features 444 are relatively low at areas near the input surfaces 442a, 442b and the



density and/or sizes are relatively great at an intermediate area 450. Alternatively, or in addition,

the shapes of the extraction features may vary over the surface 446. A desired light distribution,

such as a uniform light distribution, is thus obtained.

[00101] As in other embodiments, extraction features may be disposed at other locations, such

as in the surface 448, as desired.

[00102] FIG. 52 illustrates a waveguide body 460 that is curved in two dimensions.

Specifically, the body 460 is curved not only along the length between an input surface 462 and

an end surface 464, but also along the width between side surfaces 466, 468. Preferably,

although not necessarily, the waveguide body is also tapered between the input surface 462 and

the end surface 464, and is illustrated as having smooth surfaces, although one or more

extraction features may be provided on either or both of opposed surfaces 470, 472.

[00103] FIGS. 53-55 illustrate a waveguide body 490 that is also curved in multiple

dimensions. An input surface 492 is disposed at a first end and light is transmitted into first and

second (or more) sections 493, 494. Each section 493, 494 is tapered and is curved along the

length and width thereof. Light is directed out of the waveguide body 490 downwardly as seen

in FIG. 53.

[00104] FIG. 56 illustrates various alternative extraction feature shapes. Specifically,

extraction features 550, 552 comprise convex and concave rounded features, respectively.

Extraction features 554, 556 comprise outwardly extending and inwardly extending triangular

shapes, respectively (the extraction feature 556 is similar or identical to the extraction feature 76

described above). Extraction features 558, 560 comprise outwardly extending and inwardly

extending inverted triangular shapes, respectively. FIG. 57 shows a waveguide body 570

including any or all of the extraction features 550-560. The sizes and/or density of the features

may be constant or variable, as desired.

[00105] Alternatively or in addition, the extraction features may have any of the shapes of

copending U.S. patent application Serial No. 13/840,563, entitled "Optical Waveguide and

Luminaire Incorporating Same," owned by the assignee of the present application (attorney



docket number P2025US1) and filed contemporaneously with the present application, the

disclosure of which is expressly incorporated by reference herein.

[00106] If desired, one or more extraction features may extend fully through any of the

waveguide bodies described herein, for example, as seen in FIG. 17D. Specifically, the

extraction feature 76 may have a limited lateral extent (so that the physical integrity of the

waveguide body is not impaired) and further may extend fully through the waveguide body 74.

Such an extraction feature may be particularly useful at or near an end surface of any of the

waveguide bodies disclosed herein.

[00107] Referring next to FIGS. 60 and 6 1, a further embodiment comprises a waveguide

body 580 and a plurality of light sources that may comprise LEDs 582a-582d. While four LEDs

are shown, any number of LEDs may be used instead. The LEDs 582 direct light radially into

the waveguide body 580. In the illustrated embodiment, the waveguide body 580 is circular, but

the body 580 could be any other shape, for example as described herein, such as square,

rectangular, curved, etc. As seen in FIG. 61, and as in previous embodiments, the waveguide

body 580 includes one or more extraction features 583 arranged in concentric and coaxial

sections 583a-583d about the LEDs to assist in light extraction. The extraction features are

similar or identical to the extraction features of copending U.S. patent application Serial No.

13/840,563, entitled "Optical Waveguide and Luminaire Incorporating Same," (attorney docket

number P2025US1) incorporated by reference herein. Light extraction can occur out of one or

both of opposed surfaces 584, 586. Still further, the surface 586 could be tapered and the surface

584 could be flat, or both surfaces 584, 586 may be tapered or have another shape, as desired.

[00108] FIGS. 62 and 63 illustrate yet another waveguide body 590 and a plurality of light

sources that may comprise LEDs 592a-592d. While four LEDs 592 are shown, any number of

LEDs may be used instead. In the illustrated embodiment, the waveguide body 590 is circular in

shape, but may be any other shape, including the shapes disclosed herein. The light developed

by the LEDs is directed axially downward as seen in FIG. 63. The downwardly directed light is

diverted by a beveled surface 594 of the waveguide body 590 radially inwardly by total internal

reflection. The waveguide body 590 includes one or more extraction features 595 similar or



identical to the extraction features of FIGS. 60 and 6 1 arranged in concentric and coaxial

sections 595a-595d relative to the LEDs 592a-592d, also as in the embodiment of FIGS. 62 and

63. Light is directed by the extraction features 595 out one or both opposed surfaces 596, 598.

If desired, the surface 598 may be tapered along with the surface 596 and/or the surface 596 may

be flat, as desired.

[00109] A still further embodiment of a waveguide body 600 is shown in FIGS. 64 and 65.

The body 600 has a base portion 602 and an outwardly flared main light emitting portion 604.

The base portion may have an optional interior coupling cavity 606 comprising a blind bore

within which is disposed one or more light sources in the form of one or more LEDs 610 (FIG.

65). If desired, the interior coupling cavity 606 may be omitted and light developed by the LEDs

610 may be directed through an air gap into a planar or otherwise shaped input surface 614. The

waveguide body 600 is made of any suitable optically transmissive material, as in the preceding

embodiments. Light developed by the LED's travels through the main light emitting portion 604

and out an inner curved surface 616.

[001 10] FIG. 66 illustrates an embodiment identical to FIGS. 64 and 65 except that the

interior coupling cavity comprises a bore 617 that extends fully through the base portion 602 and

the one or more light sources comprising one or more LEDs 610 extend into the bore 617 from

an inner end as opposed to the outside end shown in FIGS. 64 and 65. In addition, a light

diverter comprising a highly reflective conical plug member 618 is disposed in the outside end of

the bore 617. The plug member 618 may include a base flange 619 that is secured by any

suitable means, such as an adhesive, to an outer surface of the waveguide body 600 such that a

conical portion 620 extends into the bore 617. If desired, the base flange 619 may be omitted

and the outer diameter of the plug member 618 may be slightly greater than the diameter of the

bore 617 whereupon the plug member 618 may be press fitted or friction fitted into the bore 617

and/or secured by adhesive or other means. Still further, if desired, the conical plug member 618

may be integral with the waveguide body 600 rather than being separate therefrom. Further, the

one or more LEDs 610 may be integral with the waveguide body 600, if desired. In the

illustrated embodiment, the plug member 618 may be made of white polycarbonate or any other

suitable material, such as acrylic, molded silicone, polytetrafluoroethylene (PTFE), or Delrin®



acetyl resin. The material may be coated with reflective silver or other metal or material using

any suitable application methodology, such as a vapor deposition process.

[001 11] Light developed by the one or more LEDs is incident on the conical portion 620 and

is diverted transversely through the base portion 602. The light then travels through the main

light emitting portion 604 and out the inner curved surface 616. Additional detail regarding light

transmission and extraction is provided in copending U.S. patent application Serial No.

13/840,563, entitled "Optical Waveguide and Luminaire Incorporating Same," (attorney docket

number P2025US1) incorporated by reference herein.

[001 12] In either of the embodiments shown in FIGS. 64-66 additional extraction features as

disclosed herein may be disposed on any or all of the surfaces of the waveguide body 600.

[001 13] Other shapes of waveguide bodies and extraction features are possible. Combining

these shapes stacks their effects and changes the waveguide body light distribution further. In

general, the waveguide body shapes disclosed herein may include one or multiple inflection

points or regions where a radius of curvature of a surface changes either abruptly or gradually.

In the case of a waveguide body having multiple inflection regions, the inflection regions may be

transverse to the path of light through the waveguide body (e.g., as seen in FIGS. 18-20), along

the path of light through the waveguide body (e.g., shown in FIG. 33), or both (e.g., as shown by

the waveguide body 640 of FIGS. 67-69 or by combining waveguide bodies having both

inflection regions). Also, successive inflection regions may reverse between positive and

negative directions (e.g., there may be a transition between convex and concave surfaces).

Single inflection regions and various combinations of multiple inflection regions, where the

inflection regions are along or transverse to the path of light through the waveguide body or

multiple waveguide bodies are contemplated by the present invention.

[001 14] Referring again to FIGS. 1 and 3A, light developed by the one or more LEDs 56 is

transmitted through the coupling optic 52. If desired, an air gap is disposed between the LED(s)

56 and the coupling optic 52. Any suitable apparatus may be provided to mount the light source

56 in desired relationship to the coupling optic 52. The coupling optic 52 mixes the light as

close to the light source 56 as possible to increase efficiency, and controls the light distribution



from the light source 56 into the waveguide body. When using a curved waveguide body as

described above, the coupling optic 52 can control the angle at which the light rays strike the

curved surface(s), which results in controlled internal reflection or extraction at the curved

surface(s).

[001 15] If desired, light may be alternatively or additionally transmitted into the coupling

optic 52 by a specular reflector at least partially or completely surrounding each or all of the

LEDs.

[001 16] As seen in FIGS. 58 and 59, a further embodiment of a coupling optic 600 having a

coupling optic body 601 is shown. The coupling optic is adapted for use with at least one, and

preferably a plurality of LEDs of any suitable type. The coupling optic body 601 includes a

plurality of input cavities 602a, 602b,. .., 602N each associated with and receiving light from a

plurality of LEDs (not shown in FIGS. 58 and 59, but which are identical or similar to the LED

56 of FIG. 1). The input cavities 602 are identical to one another and are disposed in a line

adjacent one another across a width of the coupling optic 600. As seen in FIG. 59, each input

cavity 602, for example, the input cavity 602b, includes an approximately racetrack-shaped wall

606 surrounded by arcuate upper and lower marginal surfaces 608a, 608b, respectively. A

curved surface 610 tapers between the upper marginal surface 608a and a planar upper surface

612 of the coupling optic 600. A further curved surface identical to the curved surface 610

tapers between the lower marginal surface 608b and a planar lower surface of the coupling optic

600.

[00117] A central projection 614 is disposed in a recess 616 defined by the wall 606. The

central projection 614 is, in turn, defined by curved wall sections 617a-617d. A further

approximately racetrack-shaped wall 618 is disposed in a central portion of the projection 614

and terminates at a base surface 620 to form a further recess 622. The LED associated with the

input cavity 602b in mounted by any suitable means relative to the input cavity 602b so that the

LED extends into the further recess 622 with an air gap between the LED and the base surface

620. The LED is arranged such that light emitted by the LED is directed into the coupling optic

600. If desired, a reflector (not shown) may be disposed behind and/or around the LED to



increase coupling efficiency. Further, any of the surfaces may be coated or otherwise formed

with a reflective surface, as desired.

[001 18] In embodiments such as that shown in FIGS. 58 and 59 where more than one LED is

connected to a waveguide body, the coupling optic 600 may reduce the dead zones between the

light cones of the LEDs. The coupling optic 600 may also control how the light cones overlap,

which is particularly important when using different colored LEDs. Light mixing is

advantageously accomplished so that the appearance of point sources is minimized.

[001 19] As shown in FIGS. 1 and 12, the coupling optic guide 52 introduces light emitted

from the light source 56 to the waveguide 54. The light source 56 is disposed adjacent to a

coupling optic 82 that has a cone shape to direct the light through the coupling optic guide 52.

The coupling optic 82 is positioned within the coupling optic guide 52 against a curved

indentation 84 formed on a front face 86 opposite the output face 62 of the coupling optic guide

52. The light source 56 is positioned outside of the coupling optic guide 52 within the curved

indentation 84. An air gap 85 between the light source 56 and the indentation 84 allows for

mixing of the light before the light enters the coupling optic 82. Two angled side surfaces 88,

the front face 86, and the output face 62 may be made of a plastic material and are coated with a

reflective material. The coupling optic guide 52 is hollow and filled with air.

[00120] Other embodiments of the disclosure including all of the possible different and

various combinations of the individual features of each of the foregoing embodiments and

examples are specifically included herein.

INDUSTRIAL APPLICABILITY

[00121] The waveguide components described herein may be used singly or in combination.

Specifically, a flat, curved, or otherwise-shaped waveguide body with or without discrete

extraction features could be combined with any of the coupling optics and light sources

described herein. In any case, one may obtain a desired light output distribution.



[00122] Numerous modifications to the present disclosure will be apparent to those skilled in

the art in view of the foregoing description. Accordingly, this description is to be construed as

illustrative only and is presented for the purposes of enabling those skilled in the art to make and

use the present disclosure and to teach the best mode of carrying out the same.



WE CLAIM:

1. An optical waveguide body, comprising:

a first curved surface that extends between an input surface and an end surface;

a second surface opposite the first surface;

wherein the input surface has a first thickness disposed between the first and second

surfaces; and

wherein the end surface has a second thickness disposed between the first and second

surfaces less than the first thickness.

2 . The optical waveguide body of claim 1, wherein light is emitted through the first

surface.

3. The optical waveguide body of claim 2, wherein light is internally reflected along

the first and second surfaces.

4. The optical waveguide body of claim 1, wherein the first thickness is

approximately 6 mm, the second thickness is approximately 2 mm, and the first surface has a

radius of curvature of approximately 200 mm.

5. The optical waveguide body of claim 1, wherein the waveguide has a length

between the input surface and the end surface and a width transverse to the length, wherein a

distance between the first surface and the second surface is constant along the width, and

wherein the second surface is curved.

6 . The optical waveguide body of claim 1, further comprising at least one extraction

feature.



7 . The optical waveguide body of claim 6, wherein the at least one extraction feature

is located within the body.

8. The optical waveguide body of claim 6, wherein the at least one extraction

feature is located on an outer surface of the body.

9. The optical waveguide body of claim 6, wherein the at least one extraction feature

is an angled slot having parallel sides.

10. The optical waveguide body of claim 6, further comprising a reflective surface.

11. The optical waveguide body of claim 10, wherein the reflective surface is

disposed adjacent to the at least one extraction feature.

12. The optical waveguide body of claim 6, wherein the extraction feature comprises

a stepped feature.

13. The optical waveguide body of claim 12, wherein the stepped feature is formed on

the first surface.

14. The optical waveguide body of claim 1, further comprising an array of extraction

features on the first surface.

15. The optical waveguide body of claim 14, wherein the extraction features have

sizes that vary across the first surface.

16. The optical waveguide body of claim 14, further comprising at least one reflective

surface adjacent to at least one extraction feature.



17. The optical waveguide body of claim 1, in combination with a coupling optic.

18. The optical waveguide body of claim 1, further in combination with a light

source.

19. The combination of claim 18, wherein the input surface includes an indentation

and wherein an air gap is disposed between the light source and the indentation.

20. The optical waveguide body of claim 1, further including unequally spaced

extraction features disposed on the first surface.

2 1. The optical waveguide body of claim 1, further including unequally sized

extraction features disposed on the first surface.

22. The optical waveguide body of claim 1, further including unequally shaped

extraction features disposed on the first surface.

23. The optical waveguide body of claim 1, further including equally spaced

extraction features disposed on the first surface.

24. The optical waveguide body of claim 1, further including equally sized extraction

features disposed on the first surface.

25. The optical waveguide body of claim 1, further including equally shaped

extraction features disposed on the first surface.

26. The optical waveguide body of claim 1, wherein the body is made of a material

selected from the group comprising an acrylic material, a silicone, a polycarbonate, and a glass

material.



27. A waveguide body, comprising:

a body of optically transmissive material having an input surface for light to enter the

body of optically transmissive material along a light path wherein the body of optically

transmissive material is curved and has an inflection region that extends transverse to the light

path.

28. The waveguide body of claim 27, wherein the body of material further includes an

additional inflection region that extends along the light path.

29. The waveguide body of claim 27, wherein the body of optically transmissive

material tapers from the input surface to an end surface opposite the input surface.

30. The waveguide body of claim 27, further including an additional inflection region

that extends transverse to the light path.

31. The waveguide body of claim 27, further including a plurality of extraction

features disposed on the body of optically transmissive material.

32. The waveguide body of claim 27, wherein the body of optically transmissive

material curves and is tapered between input surface and an end surface opposite the input

surface.

33. The optical waveguide body of claim 32, wherein the body is made of a material

selected from the group comprising an acrylic material, a silicone, a polycarbonate, and a glass

material.



34. A waveguide body, comprising:

a body of optically transmissive material having an input surface for light to enter the

body of optically transmissive material along a light path wherein the body of optically

transmissive material is curved and has a plurality of inflection regions.

35. The waveguide body of claim 34, wherein the plurality of inflection regions

extend transverse to the light path.

36. The waveguide body of claim 34, wherein the plurality of inflection regions

extend along the light path.

37. The waveguide body of claim 34, wherein a first number of the plurality of

inflection regions extend transverse to the light path and a second number of the plurality of

inflection regions extend along the light path.

38. The waveguide body of claim 34, wherein the body of optically transmissive material

is curved and tapers between the input surface and an end surface opposite the input surface.

39. The waveguide body of claim 34, further including extraction features disposed

on the body of optically transmissive material.

40. The waveguide body of claim 34, further including extraction features disposed in

the body of optically transmissive material.

41. The waveguide body of claim 34, further including extraction features carried by

the body of optically transmissive material.

42. The waveguide body of claim 41, wherein an extraction feature comprises a slot

having parallel sides.



43. The waveguide body of claim 42, wherein the parallel sides are linear.

44. The waveguide body of claim 41, wherein an extraction feature comprises a slot

having curved sides.

45. The waveguide body of claim 41, wherein an extraction feature comprises a

segmented slot.

46. The waveguide body of claim 41, wherein an extraction feature extends fully

through the body of optically transmissive material.

47. The optical waveguide body of claim 34, further including unequally spaced

extraction features disposed on a surface extending from the input surface.

48. The optical waveguide body of claim 34, further including unequally sized

extraction features disposed on a surface extending from the input surface.

49. The optical waveguide body of claim 34, further including unequally shaped

extraction features disposed on a surface extending from the input surface.

50. The optical waveguide body of claim 34, further including equally spaced

extraction features disposed on a surface extending from the input surface.

51. The optical waveguide body of claim 34, further including equally sized

extraction features disposed on a surface extending from the input surface.

52. The optical waveguide body of claim 34, further including equally shaped

extraction features disposed on a surface extending from the input surface.



53. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is curved in a plane and tapered in a direction transverse to the plane of the

curve.

54. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is spiral-shaped.

55. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is S-shaped.

56. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is corkscrew-shaped.

56. The optical waveguide body of claim 34, wherein the body of optically

transmissive material includes convex and concave surfaces.

57. The optical waveguide body of claim 34, wherein the body of optically

transmissive material includes at least two sections disposed at angles relative to one another.

58. The optical waveguide body of claim 34, wherein the body of optically

transmissive material includes at least three sections disposed at angles relative to one another.

59. The optical waveguide body of claim 34, wherein the body of optically

transmissive material includes a base portion and further sections extending away from the base

portion.

60. The optical waveguide body of claim 59, wherein the further sections are curved.



61. The optical waveguide body of claim 59, wherein the further sections extend

outwardly

62. The optical waveguide body of claim 59, wherein the further sections diverge

from one another.

63. The optical waveguide body of claim 59, wherein the further sections curve

outwardly in convex and concave fashion.

64. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is circular in cross-section.

65. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is elliptical in cross-section.

66. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is triangular in cross-section.

67. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is hollow.

68. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is mushroom-shaped.

69. The optical waveguide body of claim 34, wherein the body of optically

transmissive material has a sinusoidal outer surface.

70. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is curved in two dimensions.



7 1. The optical waveguide body of claim 34, wherein the body of optically

transmissive material includes a base portion and an outwardly flared main light emitting

portion.

72. The optical waveguide body of claim 34, wherein the body of optically

transmissive material is made of a material selected from the group comprising an acrylic

material, a silicone, a polycarbonate, and a glass material.

73. The optical waveguide body of claim 34, in combination with a coupling optic.

74. The combination of claim 73, in combination with a plurality of LEDs disposed

proximal to the coupling optic.

75. The combination of claim 74, wherein the coupling optic includes a plurality of

identical input cavities each associated with an LED.

76. The combination of claim 75, wherein each input cavity is defined by an

approximately racetrack-shaped wall.

77. The combination of claim 76, wherein each input cavity is further defined by a

central projection disposed within the approximately racetrack-shaped wall.

78. The combination of claim 77, wherein a further recess is defined within the

central projection by a further approximately racetrack-shaped wall.

79. The combination of claim 78, wherein an associated LED is disposed in the

further recess.



80. The combination of claim 79, wherein an air gap is disposed between the LED

a base surface further defining the further recess.



81. A waveguide, comprising:

a body of optically transmissive material;

a plurality of LEDs spaced about the body of optically transmissive material such that

light developed by the plurality of LEDs is directed through an input edge surface of the body of

optically transmissive surface; and

extraction features carried by the body of optically transmissive material for directing

light developed by the plurality of LEDs out of the body of optically transmissive material.

82. The waveguide of claim 81, wherein the body of optically transmissive material is

rectangular.

83. The waveguide of claim 82, wherein the LEDs develop light that is directed by

each LED transversely through the body of optically transmissive material.

84. The waveguide of claim 83, wherein a density of the extraction features are

relatively low at outer edges of the body of optically transmissive material and is relatively great

at an intermediate area of the body of optically transmissive material.

85. The waveguide of claim 84, wherein the body of optically transmissive material is

substantially planar.

86. The waveguide of claim 81, wherein the body of optically transmissive material is

circular.

87. The waveguide of claim 86, wherein the extraction features are disposed in a first

surface and light is directed out a second surface of the body of optically transmissive material.

88. The waveguide of claim 87, wherein the LEDs develop light that is directed

radially by each LED transversely through the body of optically transmissive material.



89. The waveguide of claim 87, wherein the LEDs develop light that is directed

axially by each LED and reflected by a tapered surface through the body of optically

transmissive material.



90. A coupling optic comprising:

a coupling optic body including a plurality of input cavities each defined by a wall

wherein a projection is disposed in each cavity and wherein a recess is disposed in each

projection,

wherein the recess of each projection is adapted to receive an associated LED.

9 1. The coupling optic of claim 90, in combination with a plurality of LEDs disposed

proximal to the coupling optic.

92. The combination of claim 91, wherein each recess is defined by a base surface

and an air gap is disposed between an LED and the base surface.

93. The coupling optic of claim 90, wherein the input cavities are identical to one

another.

94. The coupling optic of claim 93, wherein each input cavity is defined by an

approximately racetrack-shaped wall.

95. The coupling optic of claim 94, wherein the recess is defined within the central

projection by a further approximately racetrack-shaped wall.
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