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(57) Abstract: A lighting assembly includes a light guide having a first major surface, a second major surface opposite the first ma-
jor surtace, a light input edge, and an end edge distal the light input edge. Light input to the light guide through the light input edge
propagates by total internal reflection toward the end edge. The lighting assembly further includes light extracting elements at at
least one of the major surfaces of the light guide, the light extracting elements contigured to extract light through the first major sur -
face in a direction away from the light input edge and away from the first major surface, and a banding reduction element at the end
edge configured to redirect light incident thereon in a direction away from the light input edge.
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LIGHTING ASSEMBLY

RELATED APPLICATION DATA

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/477,370, filed April 20, 2011, the disclosure of which is incorporated herein by

reference in its entirety.
BACKGROUND

[0002] Energy efficiency has become an area of interest for energy consuming devices.
One class of energy consuming devices is lighting assemblies. Light emitting diodes
(LEDs) show promise as energy efficient light sources for lighting assemblies. But light
output distribution is an issue for lighting assemblies that use LEDs or similar light

sources.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 is a schematic view of an exemplary lighting assembly.

[0004] FIGS. 2 and 3 are schematic views showing parts of embodiments of a lighting

assembly.

[0005] FIGS. 4A-4] are schematic views showing exemplary banding reduction

elements.

[0006] FIGS. 5-12 are schematic views showing parts of other embodiments of a

lighting assembly.
DESCRIPTION

[0007] Embodiments will now be described with reference to the drawings, wherein like
reference numerals are used to refer to like elements throughout. The figures are not
necessarily to scale. Features that are described and/or illustrated with respect to one
embodiment may be used in the same way or in a similar way in one or more other
embodiments and/or in combination with or instead of the features of the other

embodiments.
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[0008] Aspects of this disclosure relate to a lighting assembly. The lighting assembly
includes a light guide having a first major surface, a second major surface opposite the
first major surface, a light input edge, and an end edge distal the light input edge. Light
input to the light guide through the light input edge propagates by total internal reflection
toward the end edge. The light assembly further includes light extracting elements at at
least one of the major surfaces of the light guide, the light extracting elements configured
to extract light from the light guide through the first major surface in a direction away
from the light input edge and away from the first major surface, and a banding reduction
clement at the end edge and configured to redirect light incident thereon in a direction
away from the light input edge. The lighting assembly is described in greater detail herein

with reference to the various embodiments illustrated in the figures.

[0009] With reference to FIGS. 1-3, the lighting assembly 100 includes a light guide
102, which is a solid article made from, for example, acrylic, polycarbonate, glass, or
other appropriate material. The light guide 102 may be rigid or flexible. The light guide
102 may also be a multi-layer light guide having two or more layers that may differ in
refractive index. The light guide 102 includes a first major surface 104 and a second
major surface 106 opposite the first major surface 104. The light guide 102 is configured
to propagate light by total internal reflection between the first major surface 104 and the

second major surface 106.

[0010] The light guide 102 has at least one edge, the total number of edges depending
on the configuration of the light guide 102. In the case where the light guide 102 is
rectangular (e.g., as shown in FIG. 1), the light guide 102 has four edges 108, 110, 112,
114 (e.g., side edges 108, 110, end edge 112, and end edge 114). In other embodiments,
the light guide has a different shape, and the total number of edges is different. For
example, where the light guide 102 is a hollow cylinder, is frustroconical, is a frustrated
pyramid, is a dome with a hole at the dome's apex, or another similar shape, the light
guide has two opposing edges 112, 114 (e.g., end edge 112 and end edge 114). Other
geometries for the light guide 102 result in a corresponding number of edges. Depending
on the geometry of the light guide 102, each edge may be straight or curved, and adjacent
edges may meet at a vertex or join in a curve. In some embodiments, the light guide 102

includes an edge (not shown), completely surrounded by the light guide 102. Such an
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edge is usually the edge of a through-hole that extends between the major surfaces of the

light guide 102.

[0011] Light emitted from one or more light sources 118 is directed toward the end edge

112 that will now be referred to as a light input edge 112.

[0012] The light guide 102 includes light extracting elements 105 in or on at least one of
the major surfaces 104, 106. Light extracting elements 105 that are in or on a major
surface 104, 106 will be referred to as being "at" the major surface. Each light extracting
element functions to disrupt the total internal reflection of the propagating light that is
incident on the light extracting element. In one embodiment, the light extracting elements
105 reflect light toward the opposing major surface so that the light exits the light guide
102 through the opposing major surface. Alternatively, the light extracting elements 105
transmit light through the light extracting elements 105 and out of the major surface of the
light guide 102 having the light extracting elements 105. In another embodiment, both of
these types of light extracting elements 105 are present. In yet another embodiment, the
light extracting elements 105 reflect some of the light and refract the remainder of the
light incident thereon. Therefore, the light extracting elements 105 are configured to

extract light from the light guide 102 through one or both of the major surfaces 104, 106.

[0013] Light guides having such light extracting elements 105 are typically formed by a
process such as stamping, molding, embossing, extruding, laser etching, chemical etching,
or another suitable process. Light extracting elements 105 may also be produced by
depositing elements of curable material on the light guide 102 and curing the deposited
material using heat, UV-light or other radiation. The curable material can be deposited by

a process such as printing, ink jet printing, screen printing, or another suitable process.

[0014] Exemplary light extracting elements 105 include light-scattering elements, which
are typically features of indistinct shape or surface texture, such as printed features, ink-jet
printed features, selectively-deposited features, chemically etched features, laser etched
features, and so forth. Other exemplary light extracting elements 105 include features of
well-defined shape, such as V-grooves, lenticular grooves, and features of well-defined
shape that are small relative to the linear dimensions of the major surfaces 104, 106, which
are referred to herein as micro-optical elements. The smaller of the length and width of a

micro-optical element is less than one-tenth of the longer of the length and width of the
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light guide 102 and the larger of the length and width of the micro-optical element is less
than one-half of the smaller of the length and width of the light guide. The length and
width of the micro-optical element is measured in a plane parallel to the major surface
104, 106 of the light guide 102 for flat light guides or along a surface contour for non-flat
light guides 102.

[0015] The light extracting elements 105 are configured to extract light in a defined
intensity profile over one or both of the major surfaces 104, 106, such as a uniform
intensity profile, and/or a defined light ray angle distribution. In this disclosure, intensity
profile refers to the variation of intensity with position within a light-emitting region (such
as the major surface 104, 106 or a light output region of the major surface 104, 106).
Furthermore, the term light ray angle distribution is used to describe the variation of the
intensity of light with ray angle (typically a solid angle) over a defined range of light ray
angles. In an example in which the light is emitted from an edge-lit light guide, the light
ray angles can range from -90° to +90° relative to the normal to the major surface 104,
106. Using variations in the light extracting elements 105, the major surfaces 104, 106

can have different intensity profiles and/or light ray angle distributions.

[0016] Micro-optical elements are shaped to predictably reflect or refract light.
However, one or more of the surfaces of the micro-optical elements may be modified,
such as roughened, to produce a secondary effect on light output. Exemplary micro-
optical elements are described in U.S. Patent No. 6,752,505 and, for the sake of brevity,
are not described in detail in this disclosure. The micro-optical elements may vary in one
or more of size, shape, depth or height, density, orientation, slope angle or index of

refraction such that a desired light output from the light guide is achieved.

[0017] In some embodiments, one or more optical adjusters (not shown) are located
adjacent the major surface 104, 106 of the light guide 102. Each optical adjuster has an
optical modifying characteristic that modifies a property (e.g., spectrum and/or light ray
angle distribution) of the light extracted through the major surface 104, 106 of the light
guide 102. In one embodiment, the optical adjuster is a light redirecting member or light
diffusing member that modifies light ray angle distribution. In another embodiment, the

optical adjuster is a wavelength-shifting material or a color attenuator.
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[0018] FIGS. 2 and 3 show embodiments where light extracting elements 105 at one of
the major surfaces 104, 106 of the light guide 102 are configured to extract light from the
light guide 102 through the first major surface 104 in a direction away from the light input
edge 112 and away from the first major surface 104. In the embodiment of FIG. 2, light
extracting elements 105 at the first major surface 104 transmit light through the light
extracting elements 105 and out of the major surface 104 in a direction away from the
light input edge 112 and away from the first major surface 104. In the embodiment of
FIG. 3, light extracting elements 105 at the second major surface 106 reflect light toward
the first major surface 104 so that the light exits the light guide 102 through the first major

surface 104.

[0019] In the examples shown, the light extracted through the first major surface 104 is
directed at an angle 0 relative to the first major surface 104. In some embodiments, the
light extracting elements 105 are configured to extract light through the first major surface
104 with a relatively narrow light ray angle distribution. In other embodiments, the light
extracting elements 105 are configured such that the light ray angles of the light extracted
through the first major surface 104 vary over the length and/or width of the light guide
102 to provide a broader light ray angle distribution.

[0020] The length and width dimensions of each of the major surfaces 104, 106 are
much greater, typically ten or more times greater, than the thickness of the light guide 102.
The thickness is the dimension of the light guide 102 in a direction orthogonal to the
major surfaces 104, 106. In the rectangular embodiment, the length (measured from light
input edge 112 to end edge 114) and the width (measured from side edge 108 to side edge
110) of each of the major surfaces 104, 106 are both much greater than the thickness of
the light guide 102. The thickness of the light guide 102 may be, for example, about 0.1

millimeters (mm) to about 10 mm.

[0021] In the illustrated embodiment, the major surfaces 104, 106 are planar (i.c., the
major surfaces 104, 106 of the light guide 102 are not curved). In other embodiments, at
least a portion of the major surfaces 104, 106 of the light guide 102 is curved in one or
more directions. In one example, the intersection of the light input edge 112 and one of
the major surfaces 104, 106 defines a first axis, and at least a portion of the light guide 102
curves about an axis orthogonal to the first axis. In another example, at least a portion of

the light guide 102 curves about an axis parallel to the first axis.
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[0022] The lighting assembly 100 further includes a light source assembly 116 (e.g., as
shown in FIG. 1). The light source assembly 116 includes one or more light sources 118
positioned adjacent the light input edge 112. Each light source 118 is typically embodied

as one or more solid-state devices.

[0023] Exemplary light sources include such solid state devices as LEDs, laser diodes,
and organic LEDs (OLEDs). In an embodiment where the light source 118 includes one
or more LEDs, the LEDs may be top-fire LEDs or side-fire LEDs, and may be broad
spectrum LEDs (e.g., white light emitters) or LEDs that emit light of a desired color or
spectrum (e.g., red light, green light, blue light, or ultraviolet light). In one embodiment,
the light source 118 emits light with no operably-effective intensity at wavelengths greater
than 500 nanometers (nm) (i.c., the light source 118 emits light at wavelengths that are
predominantly less than 500 nm). In some embodiments, each light source 118 included
in the lighting assembly 100 has the same nominal spectrum. In other embodiments, at
least some of the light sources are different from each other (e.g., two different types of

light sources are alternately located along the light source assembly).

[0024] Although not specifically illustrated in detail, the light source assembly 116 also
includes structural components to retain the light sources 118. In one embodiment, the
light sources 118 are mounted to a printed circuit board (PCB) 117. Accordingly, the light
sources 118 are fixed in position relative to one another. The light source assembly 116
may additionally include: circuitry, power supply, electronics for controlling and driving

the light sources 118, and/or any other appropriate components.

[0025] Light input to the light input edge 112 of the light guide 102 propagates in
different modes in the light guide 102 toward the end edge 114. Each mode of
propagation is the result of a unique number of total internal reflections at the major
surfaces 104, 106. The intensity of light that is incident on the end edge 114 is a function
of the thickness of the light guide 102, the length of the light guide 102, and one or more
of the number, size, type, density and position of the light extracting elements 105.
Decreasing the thickness of the light guide 102 and/or increasing the length of the light
guide 102 increases the number of modes of propagation of the light in the light guide
102, which increases the chance of the light being incident on one of the light extracting
elements 105 and being extracted through one of the major surfaces 104, 106. Increasing

the thickness and decreasing the length of the light guide 102 decreases the number of



WO 2012/145293 PCT/US2012/033902

modes of propagation of the light in the light guide 102, which decreases the chance of the
light being incident on one of the light extracting elements 105 and being extracted

through one of the major surfaces 104, 106.

[0026] Light that is not extracted through one of the major surfaces 104, 106 of the light
guide 102 by the light extracting elements 105 is incident on the end edge 114. At least
part of this light is output from the end edge 114. Due principally to the different modes
of propagation in the light guide 102, the intensity of light output from the end edge 114
varies over a defined range of light ray angles, thereby resulting in a banding effect when
the output light is incident on a target surface (i.c., the light output from the end edge and
incident on the target surface produces an illumination profile in which regions of higher
intensity alternate with regions of lower intensity). An illumination profile characterizes

the variation of intensity with location on a target surface.

[0027] The lighting assembly 100 includes a banding reduction element 200 in or on the
end edge 114 that is configured to reduce the banding effect of light incident on the
banding reduction element. The banding effect is "reduced" when the contrast between
any regions of higher intensity and any regions of lower intensity is less than that obtained
when light is emitted from the end edge 114 without banding reduction. A banding
reduction element 200 that is in or on the end edge 114 will be referred to as being "at" the
end edge 114. The banding reduction element 200 is configured to redirect light that
propagates by total internal reflection in the light guide 102 and is incident on the banding
reduction element 200. The banding reduction element 200 redirects light incident
thereon in a direction away from the light input edge 112 in a manner that reduces the
banding effect. Reducing the banding effect results in a more uniform intensity of light
output from the banding reduction element 200 at the end edge 114 over a defined range
of light ray angles and allows the light output from the banding reduction element 200 to

provide useful illumination.

[0028] In one embodiment, the banding reduction element 200 is an integral part of the
end edge 114. The banding reduction element 200 may be formed by making the light
guide 102, including the end edge 114, using a process such as stamping, molding,
embossing, extruding, or another suitable process, or by subjecting the end edge 114 of the
light guide to a process such as laser etching, chemical etching, or another suitable

Proccess.
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[0029] In another embodiment, the banding reduction element 200 is a separate element
from the light guide 102 that is optically coupled to the end edge 114. In some
implementations, the lighting assembly 100 also includes structural components (e.g., a
mounting bracket) to retain the banding reduction element 200. The banding reduction
element 200 may additionally or alternatively be retained using a resin or adhesive. The
banding reduction element 200 may be interchangeable with another banding reduction
element, examples of which will be described in more detail below. The banding
reduction element 200 may be provided by one or more layers, such as gradient index
layers, applied to the end edge 114. In embodiments in which the banding reduction
clement is a separate element, light is output from the end edge 114 of the light guide 102
and is incident on the banding reduction element 200. The end edge 114 is considered
specularly transmissive (i.c., the end edge 114 lacks an optical modifying characteristic)
even though specularly transmissive material refracts light that passes through a surface of

the material at a non-zero angle of incidence.

[0030] The banding reduction element 200 has light redirecting properties that
predictably modify the light ray angle distribution of the light output from the end edge
114 in a way that reduces the banding effect. The reference numeral 200 will be generally
used to collectively refer to the different embodiments of banding reduction elements. As
described below, the banding reduction element 200 may also be configured in any
appropriate manner to provide an additional optical modifying characteristic in addition to

the banding reduction.

[0031] FIGS. 4A-4] are cross-sectional views showing exemplary banding reduction
elements 202, 204, 206, 208, 210, 212, 214, 216, 218, 220, respectively, having light
redirecting properties. The banding reduction elements 202, 204, 206, 208, 210, 212, 214,
216, 218, 220 are shown in FIGS. 4A-4] as separate clements from the light guide 102. In
other examples (not shown), the banding reduction elements 202, 204, 206, 208, 210, 212,
214,216, 218, 220 are each an integral part of the end edge 114 of the light guide 102, as
described above. In the examples shown in FIGS. 4A-4], the respective banding reduction
element is configured to refract light incident at different locations thereon at respective
angles of incidence through different angles of refraction. This scrambles the organized
banding of light that occurs without the banding reduction element to produce a more

uniform illumination profile on a target surface.
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[0032] FIG.4A shows an example of a banding reduction element 202 that includes a
convex surface curved about an axis oriented non-orthogonally (typically parallel) to the
intersection of the end edge 114 and one of the major surfaces 104, 106. The convex
surface is the curved surface of a portion of a cylinder demarcated by two parallel planes.
The cylinder has a circular, elliptical, parabolic, or hyperbolic cross-section, a cross-
sectional shape defined by a suitable n-th order polynomial, or another suitable cross-

sectional shape.

[0033] In the example shown in FIG. 4B, a banding reduction element 204 is configured
as a symmetrical prismatic element having two plane surfaces oriented at respective angles
relative to the major surfaces 104, 106 that intersect to form a ridge oriented non-
orthogonally (typically parallel) to the intersection of the end edge 114 and one of the

major surfaces 104, 106.

[0034] In the example shown in FIG. 4C, a banding reduction element 206 is configured
as an asymmetrical prismatic element having two plane surfaces oriented at respective
angles relative to the major surfaces 104, 106 that intersect to form a ridge oriented non-
orthogonally (typically parallel) to the intersection of the end edge 114 and one of the
major surfaces 104, 106 and located asymmetrically with respect to the major surfaces

104, 106.

[0035] In the example shown in FIG.4D, a banding reduction element 208 includes
convex lenticular grooves oriented non-orthogonally (typically parallel) to the intersection
of the end edge 114 and one of the major surfaces 104, 106. Each of the lenticular
grooves has a convex surface similar to the convex surface of the banding reduction

element 202 shown in FIG. 4A.

[0036] In the example shown in FIG. 4E, a banding reduction element 210 includes
prismatic grooves each having two plane surfaces that come together to form a respective
ridge oriented non-orthogonally (typically parallel) to the intersection of the end edge 114
and one of the major surfaces 104, 106. Each of the prismatic grooves is formed to have
two plane surfaces that intersect to form a ridge similar to the banding reduction element

204 shown in FIG. 4B.

[0037] In the example shown in FIG. 4F, a banding reduction element 212 includes a

convex surface curved about an axis oriented non-orthogonally (typically parallel) to the
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intersection of the end edge 114 and one of the major surfaces 104, 106. The convex
surface is the curved surface of a portion of a cylinder demarcated by two orthogonal
planes. The cylinder has a circular, elliptical, parabolic, or hyperbolic cross-section, a
cross-sectional shape defined by a suitable n-th order polynomial, or another suitable

cross-sectional shape. Such a cross-sectional shape is also referred to as a bullnose.

[0038] In the example shown in FIG. 4G, a banding reduction element 214 includes a
concave surface curved about an axis oriented non-orthogonally (typically parallel) to the
intersection of the end edge 114 and one of the major surfaces 104, 106. The concave
surface is the curved surface of a portion of a cylinder demarcated by two parallel planes.
The cylinder has a circular, elliptical, parabolic, or hyperbolic cross-section, a cross-
sectional shape defined by a suitable n-th order polynomial, or another suitable cross-

sectional shape.

[0039] In some embodiments, the banding reduction element 200 includes a
combination of two or more of the banding reduction elements described above.

Examples are further set forth in FIGS. 4H and 4.

[0040] In the example shown in FIG. 4H, a banding reduction element 216 includes a
plane surface and a concave surface that intersect to form a ridge oriented non-
orthogonally (typically parallel) to the intersection of the end edge 114 and one of major
surfaces 104, 106. The plane surface is oriented at an angle relative to the major surface
104. The concave surface is curved about an axis oriented non-orthogonally (typically
parallel) to the intersection of the end edge 114 and one of the major surfaces 104, 106.
The concave surface is the curved surface of a portion of a cylinder demarcated by two
parallel planes. The cylinder has a circular, elliptical, parabolic, or hyperbolic cross-
sectional shape, a cross-sectional shape defined by a suitable #-th order polynomial, or

another suitable cross-sectional shape.

[0041] In the example shown in FIG. 41, a banding reduction element 218 includes a
plane surface and a convex surface that intersect to form a ridge oriented non-orthogonally
(typically parallel) to the intersection of the end edge 114 and one of major surfaces 104,
106. The plane surface is oriented at an angle relative to the major surface 104. The
convex surface is curved about an axis oriented non-orthogonally (typically parallel) to the

intersection of the end edge 114 and one of the major surfaces 104, 106. The convex

10
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surface is the curved surface of a portion of a cylinder demarcated by two parallel planes.
The cylinder has a circular, elliptical, parabolic, or hyperbolic cross-sectional shape, a
cross-sectional shape defined by a suitable n-th order polynomial, or another suitable

cross-sectional shape.

[0042] In other embodiments, the banding reduction element 200 has other suitable light
redirecting shapes. For example, other banding reduction elements include convex
lenticular grooves or prismatic grooves oriented orthogonally to the major surfaces 104,

106.

[0043] In other embodiments, the banding reduction element 200 includes features of
well-defined shape, such as prismatic elements, lenticular elements, and other features of
well-defined shape that are small relative to the linear dimensions of the end edge 114,
and which are referred to herein as banding reduction micro-optical elements (not shown).
The smaller of the length and width of a banding reduction micro-optical element is less
than one-tenth of the smaller of the length and width of the end edge 114, and the larger of
the length and width of the banding reduction micro-optical element is less than one-half
of the larger of the length and width of the end edge 114. The length and width of the
banding reduction micro-optical element are measured in the plane that is parallel to and
includes the end edge 114 of the light guide 102 for flat light guides or along a surface
contour for non-flat light guides. The banding reduction element 200 may include
banding reduction micro-optical elements instead of or in addition to the shapes described

above with reference to FIGs 4A-41.

[0044] Banding reduction micro-optical elements are shaped to predictably refract light
incident thereon. However, one or more of the surfaces of the banding reduction micro-
optical elements may be modified, such as roughened, to produce a secondary effect on
light incident thereon. Exemplary micro-optical elements suitable for use as banding
reduction micro-optical elements are described in U.S. Patent No. 6,752,505 and, for the
sake of brevity, will not be described in detail in this disclosure. The banding reduction
micro-optical elements may vary in one or more of size, shape, depth or height, density,
orientation, slope angle or index of refraction such that a desired light output from the end

edge 114 of the light guide 102 is achieved.

11
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[0045] In other embodiments, the banding reduction element 200 additionally includes
an optically diffusive surface or other light-scattering elements, which are typically
features of indistinct shape or surface texture, such as printed features, ink-jet printed
features, selectively-deposited features, chemically etched features, laser etched features,

and so forth.

[0046] Embodiments are contemplated where the banding reduction element 200
modifies the spectrum of the light incident thereon in addition to modifying the light ray
angle distribution of this light. In such an embodiment, the banding reduction element
additionally includes a spectrum adjuster. In one embodiment, the spectrum adjuster is a
wavelength shifting material. Wavelength shifting is used herein to refer to a process in
which a material absorbs light of certain wavelengths, and reemits light at one or more
different wavelengths. The wavelength-shifting material includes one or more of a
phosphor material, a luminescent material, a luminescent nanomaterial such as a quantum
dot material, a conjugated polymer material, an organic fluorescent dye, an organic
phosphorescent dye, and lanthanide-doped garnet. In another embodiment, the spectrum
adjuster is a color attenuator, for example, a dichroic mirror, a hot mirror, a cold mirror, a

polychroic mirror, or a color filter.

[0047] In the example shown in FIG. 4], the banding reduction element 220 has a
bullnose shape similar to the bullnose shape of the banding reduction element 212 shown
in FIG. 4F. The banding reduction element 220 further includes a spectrum adjuster 122

located on its curved surface.

[0048] In some embodiments, the lighting assembly 100 additionally includes a banding
reduction element (not shown) at at least one of the side edges 108, 110 of the light guide
102. The banding reduction element is configured to reduce the banding effect of light
incident thereon. The banding reduction element at at least one of the side edges 108, 110
is configured to redirect light that is incident thereon in a manner that reduces the banding
effect, similar to the banding reduction element 200. Reducing the banding effect results
in a more uniform intensity of light output from the side edge 108, 110 over a defined
range of light ray angles and allows the light output from the side edge 108, 110 to
provide useful illumination. The banding reduction element at at least one of the side
edges 108, 110 may additionally include a spectrum adjuster, as discussed above in

relation to the banding reduction element 200.

12



WO 2012/145293 PCT/US2012/033902

[0049] With continued reference to FIGS. 2 and 3, light input to the light guide 102
through the light input edge 112 propagates by total internal reflection toward the end
edge 114. A predetermined portion of the light is extracted through the first major surface
104 of the light guide 102 by the light extracting elements 105 at at least one of the major
surfaces 104, 106. Another predetermined portion (typically the remainder) of the light is
incident on the banding reduction element 200. The light extracting elements 105 at at
least one of the major surfaces 104, 106 are configured to extract light with a defined
intensity. By defining the intensity of the light extracted through the major surfaces, the
intensity of the light incident on the banding reduction element 200 is defined. For
example, increasing the number of light extracting elements 105 at at least one of the
major surfaces 104, 106 increases the intensity of the light extracted through the major
surface 104, and therefore reduces the intensity of the light incident on the banding

reduction element 200.

[0050] The light extracting elements 105 at at least one of the major surfaces 104, 106
are also configured to extract light through the first major surface 104 of the light guide
102 with a predetermined light ray angle distribution, and the banding reduction element
200 1s configured to redirect light incident thereon with a predetermined light ray angle
distribution. In one embodiment, the region 127 of a target surface 124 illuminated by the
light extracted through the first major surface 104 does not overlap a region 125 of the
target surface 124 illuminated by the light output from the banding reduction element 200.
In the examples shown in FIGS. 2 and 3, the lighting assembly 100 is configured to
illuminate regions 125 and 127 of a target surface 124. Specifically, the region 125 of the
target surface 124 illuminated by the light output from the banding reduction element 200
does not overlap the region 127 illuminated by the light extracted through the first major
surface 104. The light extracted through the first major surface 104 and the light output
from the banding reduction element 200 therefore does not illuminate a contiguous region
of the target surface 124. This allows, as an example, for the extracted and/or output light
from the light guide 102 to illuminate one or more distinct regions of interest of the target

surface, and not to illuminate a region of non-interest.

[0051] In another embodiment, the light extracting elements 105 and/or the banding
reduction element 200 are configured to make the region 127 of the target surface 124

illuminated by the light extracted through the first major surface 104 and the region 125 of
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the target surface 124 illuminated by the light output from the banding reduction element
200 overlap. In the example shown in FIG. 5, the lighting assembly 100 is configured to
illuminate regions of a target surface 124 in which the region 125 of the target surface 124
illuminated by the light output from the banding reduction element 200 and the region 127
of the target surface 124 illuminated by the light extracted through the first major surface
104 overlap. The light extracted through the first major surface 104 and the light output
from the banding reduction element 200 therefore illuminates a single contiguous region

of the target surface 124.

[0052] The embodiments described above include light extracting elements 105
configured to extract light through the first major surface 104 of the lighting assembly
100. FIGS. 6-8 show examples of embodiments in which the light extracting elements
105 are configured to extract light through the second major surface 106 in addition to the

first major surface 104.

[0053] FIGS. 6 and 7 show embodiments in which light extracting elements 105 at one
of the major surfaces 104, 106 of the light guide 102 are configured to extract light
through the first major surface 104 in a direction away from the light input edge 112 and
away from the first major surface 104, and in which light extracting elements 105 at the
other of the major surfaces 104, 106 of the light guide 102 are configured to extract light
through the second major surface 106 in a direction away from the light input edge 112
and away from the second major surface 106. The light extracting elements 105 at the
first major surface 104 may be the same as or different than the light extracting elements

105 at the second major surface 106.

[0054] In the embodiment of FIG. 6, light extracting elements 105 at the first major
surface 104 transmit light through the light extracting elements 105 and out of the first
major surface 104 in a direction away from the light input edge 112 and away from the
first major surface 104. Light extracting elements 105 at the second major surface 106
transmit light through the light extracting elements 105 and out of the second major
surface 106 in a direction away from the light input edge 112 and away from the second

major surface 106.

[0055] In the embodiment of FIG. 7, light extracting elements 105 at the second major
surface 106 reflect light toward the first major surface 104 so that the light exits the light
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guide 102 through the first major surface 104. Light extracting elements 105 at the first
major surface 104 reflect light toward the second major surface 106 so that the light exits

the light guide 102 through the second major surface 106.

[0056] FIG. 8 shows an embodiment where light extracting elements 105 at one of the
major surfaces 104, 106 of the light guide 102 are configured to extract light through the
first major surface 104 in a direction away from the light input edge 112 and away from
the first major surface 104, and through the second major surface 106 in a direction away
from the light input edge 112 and away from the second major surface 106. In the
embodiment of FIG. 8, two types of light extracting elements 105 are at the first major
surface 104. The first type of light extracting element transmits light through the light
extracting elements 105 and out through the first major surface 104 in a direction away
from the light input edge 112 and away from the first major surface 104. The second type
of light extracting element reflects light toward the second major surface 106 so that the

light exits the light guide 102 through the second major surface 106.

[0057] As shown in FIGS. 6-8, the light extracted through the first major surface 104 is
directed at an angle 0, relative to the first major surface 104, and the light extracted
through the second major surface 106 is directed at an angle 0, relative to the second
major surface 106. In some embodiments, the light extracting elements 105 are
configured to extract light through the first major surface 104 and/or the second major
surface 106 with a relatively narrow light ray angle distribution. In other embodiments,
the light extracting elements 105 are configured to extract light through the first major
surface 104 and/or the second major surface 106 with a broader light ray angle
distribution. In one embodiment, the light ray angle distribution of the light extracted
through the first major surface 104 is the same as the light ray angle distribution of the
light extracted through the second major surface 106. In another embodiment, the light
ray angle distribution of the light extracted through the first major surface 104 is different
than the light ray angle distribution of the light extracted through the second major surface
106. The different light ray angle distributions of the extracted light may provide, for

example, different-size illuminated regions of the target surface 124.

[0058] Light input to the light guide 102 through the light input edge 112 propagates by
total internal reflection toward the end edge 114. A predetermined portion of the light is
extracted through the first major surface 104 of the light guide 102 and another
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predetermined portion of the light is extracted through the second major surface 106 of the
light guide 102 by the light extracting elements 105 at at least one of the major surfaces
104, 106. Another predetermined portion (typically the remainder) of the light is incident
on the banding reduction element 200 at the end edge 114. The light extracting elements
105 at at least one of the major surfaces 104, 106 are configured to extract light in a
defined intensity profile. By defining the intensity of light extracted through the major
surfaces 104, 106, the intensity of the light output from the banding reduction element 200
is defined. For example, increasing the number of light extracting elements 105 at at least
one of the major surfaces 104, 106 increases the intensity of the light extracted through the
major surfaces 104, 106, and therefore reduces the intensity of the light incident on the

banding reduction element 200.

[0059] The light extracting elements 105 at at least one of the major surfaces are
configured to extract light through the first major surface 104 of the light guide 102 with a
predetermined light ray angle distribution and to extract light through the second major
surface 106 of the light guide 102 with a predetermined light ray angle distribution, and
the banding reduction element 200 is configured to redirect light incident thereon with a

predetermined light ray angle distribution.

[0060] In one embodiment, the region 125 of the target surface 124 illuminated by the
light output from the banding reduction element 200 does not overlap with the region 127
of the target surface illuminated by the light extracted through the first major surface 104
or the region 129 of the target surface illuminated by the light extracted through the
second major surface 106. In the example shown in FIGS. 6-8, the lighting assembly 100
is configured to illuminate regions of the target surface 124, and the region 125 of the
target surface 124 illuminated by the light output from the banding reduction element 200
does not overlap the region 127 of the target surface 124 illuminated by the light extracted
through the first major surface 104 and the region 129 of the target surface 124
illuminated by the light extracted through the second major surface 106.

[0061] In other embodiments, the region 125 of the target surface 124 illuminated by the
light output from the banding reduction element 200 overlaps with one or more of the
region 127 of the target surface 124 illuminated by the light extracted through the first
major surface 104 and the region 129 of the target surface 124 illuminated by the light

extracted through the second major surface 106. In the example shown in FIG. 9, the
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lighting assembly is configured to illuminate regions of the target surface 124, and the
region 125 of the target surface 124 illuminated by the light output from the banding
reduction element 200 overlaps the region 127 of the target surface 124 illuminated by the
light extracted through the first major surface 104 and the region 129 of the target surface
124 illuminated by the light extracted through the second major surface 106. In the
example shown in FIG. 10, the lighting assembly 100 is configured to illuminate regions
of the target surface 124, and the region 125 of the target surface 124 illuminated by the
light output from the banding reduction element 200 overlaps the region 127 of the target
surface 124 illuminated by the light extracted through the first major surface 104 and does
not overlap the region 129 of the target surface 124 illuminated by the light extracted

through the second major surface 106.

[0062] The embodiment of FIG. 10 illustrates an asymmetrical light ray angle
distribution of the light output from the banding reduction element 200. Such an
asymmetrical output may be provided by using a banding reduction element similar to one
of the banding reduction elements shown in FIGS. 4C, 4F, and 4H-4J, or a banding
reduction element that alternatively or additionally includes banding reduction micro-
optical elements, as described above. In the embodiments of FIGS. 2, 3, and 5-9, which
illustrate a symmetrical light ray angle distribution of the light output from the banding
reduction element 200, such a symmetrical output may be provided by using a banding
reduction element similar to one of the banding reduction elements shown in FIGS. 4A,
4B, 4D, and 4G, or a banding reduction element that alternatively or additionally includes

banding reduction micro-optical elements, as described above.

[0063] FIG. 11 shows an embodiment in which the lighting assembly 100 includes a
reflector 126 adjacent the second major surface 106. The light guide 102 includes light
extracting elements 105 configured to extract light through the second major surface 106.
The light extracting elements 105 are configured to extract light through the second major
surface 106 of the light guide 102 with a predetermined light ray angle distribution. The
light extracted through the second major surface 106 is reflected by the reflector 126, re-
enters the light guide 102 at the second major surface 106, and is output from the light
guide 102 through the first major surface 104 in a direction away from the light input edge
112 and away from the first major surface 104. In an embodiment where the light guide

102 also includes light extracting elements 105 configured to extract light through the first
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major surface 104, the light extracted through the second major surface 106 and output
from the first major surface 104 is combined with the light extracted through the first
major surface 104. A region 131 of the target surface 124 is illuminated by the light
extracted through the second major surface 106 and output from the first major surface
104. In the illustrated embodiment, the region 125 of the target surface 124 illuminated by
the light output from the banding reduction element 200 does not overlap with a region
131 of the target surface 124 illuminated by the light extracted through the second major

surface 106 and output from the first major surface 104.

[0064] The embodiments described above provide a lighting assembly 100 that is
configured to illuminate one or more regions of interest of the target surface 124. In other
embodiments, the lighting assembly is configured to illuminate target surfaces that are
respective surfaces of various spatially-separated objects of interest. In an example, the
lighting assembly is configured to illuminate a first target surface, which is the surface of
a first object of interest, by the light output from the banding reduction element, and to
illuminate a second target surface, which is the surface of a second object of interest, by
the light output through the first major surface. Such an example is described below with

reference to the embodiment of FIG. 12.

[0065] The lighting assembly 100 is configurable for use in various applications. FIG.
12 illustrates an exemplary application of the lighting assembly 100, as described with
reference to FIGS. 6-8, in a room 300. The room 300 includes walls 302, 303 and floor
306. A first object of interest is a picture 304 hanging on the wall 302. A second object
of interest is a table 308 standing on the floor 306, and a third object of interest is a desk
310 also standing on the floor 306. The lighting assembly 100 is configured to illuminate
the surface of the picture 304 on the wall 302, and is configured to illuminate the surface
of the table 308 and the surface of the desk 310 on the floor 306. The light extracting
elements 105 of the light guide 102 are configured such that the light extracted through the
first major surface 104 of the light guide 102 illuminates the surface of the picture 304 on
the wall 302 as a first target surface; and the light extracted through the second major
surface 106 of the light guide 102 illuminates the surface of the desk 310 as a second
target surface. The banding reduction element 200 is configured such that the light output
from the banding reduction element 200 of the light guide 102 illuminates the surface of
the table 308 as a third target surface, and such that the banding effect of light output from
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the banding reduction element 200 and illuminating the surface of the table 308 is
reduced. The light guide 102 has a dimension in a direction orthogonal to the plane of

FIG. 12 sufficient to provide adequate illumination in that dimension.

[0066] Returning to FIG. 1, additional optional details regarding the lighting assembly
100 will be described. The lighting assembly 100 may be configured as a hanging light
(as shown), a ceiling light (e.g., a lighting assembly that is located below a ceiling,
nominally parallel thereto), a wall sconce, a table lamp, a task light, or another suitable
illumination device. The lighting assembly 100 may additionally include a housing 128
for retaining the light source assembly 116 and the light guide 102. The housing 128 may
retain a heat sink or may itself function as a heat sink. In some embodiments, the lighting
assembly 100 includes a mounting mechanism 130 (e.g., a chain or wire in the case of a
hanging light, clips or fasteners in the case of a ceiling light or wall sconce, etc.) to mount
the lighting assembly to a retaining structure (e.g., a ceiling, a wall, etc.). In other
embodiments, the mounting mechanism 130 is a stand and/or base assembly to allow the
lighting assembly 100 to function as a floor lamp, table lamp, task lamp, etc. Electrical
power is supplied to the lighting assembly 100 through appropriate conductors, which in
some cases may form part of or pass through the mounting mechanism 130. Parts of the
lighting assembly 100, such as the light guide 102 and the light source 118, are described
above with reference to FIGS. 2-12.

[0067] In this disclosure, the phrase "one of" followed by a list is intended to mean the
clements of the list in the alterative. For example, "one of A, B and C" means A or B or
C. The phrase "at least one of" followed by a list is intended to mean one or more of the
clements of the list in the alterative. For example, "at least one of A, B and C" means A or

B or C or (A and B) or (A and C) or (B and C) or (A and B and C).
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CLAIMS

What 1s claimed is:

1. A lighting assembly, comprising:

a light guide having a first major surface, a second major surface opposite the first
major surface, a light input edge, and an end edge distal the light input edge, wherein light
input to the light guide through the light input edge propagates by total internal reflection
toward the end edge;

light extracting elements at at least one of the major surfaces of the light guide, the
light extracting elements configured to extract light through the first major surface in a
direction away from the light input edge and away from the first major surface; and

a banding reduction element at the end edge configured to redirect light incident

thereon in a direction away from the light input edge.

2. The lighting assembly of claim 1, wherein the lighting assembly is
configured to illuminate a target surface, and a region of the target surface illuminated by
the light output from the banding reduction element overlaps a region of the target surface

illuminated by the light extracted through the first major surface.

3. The lighting assembly of claim 1, wherein the lighting assembly is
configured to illuminate a target surface, and a region of the target surface illuminated by
the light output from the banding reduction element does not overlap a region of the target

surface illuminated by the light extracted through the first major surface.

4. The light assembly of claim 1 wherein the light extracting elements are
additionally configured to extract light through the second major surface in a direction

away from the light input edge and away from the second major surface.

5. The lighting assembly of claim 4, wherein the light extracted through the
first major surface has a first light ray angle distribution and the light extracted through the
second major surface has a second light ray angle distribution, different from the first light

ray angle distribution.
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6. The lighting assembly of claim 4, wherein the lighting assembly is
configured to illuminate a target surface, and a region of the target surface illuminated by
the light output from the banding reduction element overlaps a region of the target surface
illuminated by the light extracted through one of the first major surface and the second

major surface.

7. The lighting assembly of claim 4, wherein the lighting assembly is
configured to illuminate a target surface, and a region of the target surface illuminated by
the light output from the banding reduction element does not overlap a region of the target
surface illuminated by the light extracted through the first major surface and a region of

the target surface illuminated by the light extracted through the second major surface.

8. The lighting assembly of claim 4, wherein the lighting assembly is
configured to illuminate a target surface, and a region of the target surface illuminated by
the light output from the banding reduction element overlaps a region of the target surface
illuminated by the light extracted through the first major surface and a region of the target

surface illuminated by the light extracted through the second major surface.

9. The lighting assembly of claim 1, wherein the banding reduction element
comprises at least one of a prismatic element, lenticular element, and micro-optical

elements.

10.  The lighting assembly of claim 9, wherein the banding reduction element

additionally comprises a diffusive surface.

11.  The lighting assembly of claim 1, wherein the light guide has a thickness at
the end edge, and the banding reduction element has a dimension of the same order of

magnitude as, or less than, the thickness.
12.  The lighting assembly of claim 1, wherein the light guide has a thickness in

a thickness direction orthogonal to the major surfaces, and the banding reduction element

is configured to spread the light incident thereon in the thickness direction.
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13. The lighting assembly of any one of claims 1-12, wherein the banding

reduction element additionally comprises a wavelength-shifting material.

14.  The lighting assembly of claim 13, wherein the wavelength-shifting
material comprises at least one of a phosphor material, luminescent material, and

luminescent nanomaterial.

15.  The lighting assembly of any one of claims 1-12, wherein the banding

reduction element additionally comprises a color attenuator.

16.  The lighting assembly of claim 15, wherein the color attenuator comprises
at least one of a dichroic mirror, hot mirror, cold mirror, polychroic mirror, and color

filter.

17.  The lighting assembly of claim 1, wherein the light extracting elements are

at both of the major surfaces.

18.  The lighting assembly of claim 17, wherein the light extracting elements at
the first major surface are different from the light extracting elements at the second major

surface.

19.  The lighting assembly of claim 1, wherein at least a portion of the light

guide is curved.

20.  The lighting assembly of claim 1, wherein the light guide is planar.

21.  The lighting assembly of claim 1, further comprising a reflector adjacent

one of the major surfaces.

22.  The lighting assembly of claim 1, further comprising a light redirecting

member or a diffusing member adjacent one of the major surfaces.

23.  The lighting assembly of claim 1, additionally comprising a solid state light

source located adjacent the light input edge.
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24.  The lighting assembly of claim 23, wherein the solid state light source

comprises a light emitting diode.

25.  The lighting assembly of claim 1, wherein the banding reduction element is

interchangeable with another banding reduction element.

26.  The lighting assembly of claim 1, wherein the banding reduction element is

integral with the light guide.

27.  The lighting assembly of claim 1, wherein the light guide additionally
comprises opposed side edges, and the lighting assembly additionally comprises an

additional banding reduction element at at least one of the side edges of the light guide.

28.  The lighting assembly of claim 27, wherein the additional banding
reduction element comprises at least one of a prismatic element, lenticular element, and

micro-optical elements.

29.  The lighting assembly of claim 1, wherein the lighting assembly is
configured to illuminate a region of a target surface by the light output from the banding
reduction element, and to illuminate a region of an additional target surface by the light

extracted through the first major surface.
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