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ABSTRACT

In one aspect, the present invention provides light emitting devices, including light
fixtures and luminaires. In some embodiments, a light emitting device comprises at least one
light source, a lightguide operable to receive light from the at least one light source at a first
location on the lightguide, at least one light extraction region optically coupled to the

hghtguide and a substantially non-scattering region along a portion of the hghtguide.
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LIGHT EMITTING DEVICES AND APPLICATIONS THEREOF

FIELD OF THE INVENTION

This invention generally relates to optical components and light emitting devices

comprising optical components for illumination and, in particular, to luminaires of various

constructions.

BACKGROUND OF THE INVENTION
Edge-i1lluminated lightguides have been used in backlights for L. CDs and more recently

for light fixtures. However, traditional designs using planar 1 ghtguides such as used with

LCDs have angular output, thermal, uniformity, efficiency, and form factor limitations.

SUMMARY

In one aspect, the present invention provides a light emitting device comprising at
least one light source and a lightguide operable to receive light from the light source at a first
location through a first surface of the lightguide, wherein the at least one light source 1s
disposed proximate the first surface of the lightguide. The device also includes at least one
light extraction region optically coupled to a first portion or a second surface of the lightguide
and a substantially non-scattering region along a portion of the lightguide including at least a
second portion of the second surface of the lightguide and having a first total width 1n a first
direction parallel to an optical access of the at least one light source greater than 5% of the
total width of the lightguide in the first direction, the first surface abutting the second surtace
of the lightguide.

- A corresponding method of 1ightihg a surface 1s also provided.

A light emitting region may be positioned to receive at least a portion of light

extracted from the lightguide by the light extraction region, wherein the light emutting device
has a direct light output and an indirect light output.
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A light emitting device, in some embodiments, comprises at least one light source, a
lightguide operable to receive light from the at least one light source at a first location on the
lightguide, at least one light extraction region optically coupled to the lightguide, a
substantially non-scattering region along a portion of the lightguide and a light emitting region
positioned to receive at least a portion of light extracted from the lightguide by the light
extraction region, wherein a percentage of the total luminous flux of the light emitting device in
a vertical range of 0° to 30° ranges from about 0 to about 15.

In some embodiments, a light emitting device comprises at least one light source, a
lightguide operable to receive light from the at least one light source at a first location on the
lightguide, at least one light extraction region optically coupled to the lightguide and a
substantially non-scattering region along a portion of the lightguide having a first total width in
a first direction parallel to the optical axis of the at least one light source greater than 5% of the
total width of the lightguide in the first direction.

In some embodiments wherein the lightguide is curved, the optical axis of the at least
one light source is parallel or substantially parallel with at least one curved surface of the
lightguide.

A light emitting device, in some embodiments, comprises a first light source and a
second light source, the first light source and the second light source separated by a distance D,
a lightguide operable to receive light from the first light source at a first location on the
lightguide and light from the second light source at a second location on the lightguide, at least
one light extraction region optically coupled to the lightguide, at least one light blocking region
at least partially covering a surface of the lightguide, and a substantially non-scattering region
of a width W along a portion of the lightguide between the light blocking region and the light
extraction region, wherein a ratio of W/D i1s greater than 1.

In another aspect, the present invention provides methods of lighting a surface. In some
embodiments, a method of lighting a surface comprises providing a light emitting device
comprising at least one light source, a lightguide operable to receive light from the at least one
light source at a first location on the lightguide, at least one light extraction region optically
coupled to the lightguide, a light emitting region and a substantially non-scattering region along
a portion of the lightguide, transmitting light from the lightsource into the lightguide and
extracting at least a portion of light from the lightguide for emission from the light emitting

device through the light emitting region to the surface.

2.
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In some embodiments, a method of lighting a surface comprises providing a hght
emitting device comprising at least one light source, a lightguide operable to receive hight from
the at least one light source at a first location on the lightguide, at least one light extraction
region optically coupled to the lightguide, a light emitting region and a substantially non-
scattering region along a portion of the lightguide, transmitting light from the lightsource into
the lightguide, extracting a first portion of light from the lightguide for emission from the light
emitting device as an indirect light output and extracting a second portion of the light from the
lightguide for emission from the light emitting device as a direct light output.

These and other embodiments are described in more detail in the detailed description

which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional side view of a light fixture in accordance with one
embodiment of this invention.

Figure 2 is a cross-sectional side-view of the lightguide ot Figure 1

Figure 3 is a top view of the lightguide of Figure 1.

Figure 4 is a shaded perspective view of the lightguide of Figure 1.

Figure 5 is a chart depicting the measurements of the angular far-field luminous
intensity of the output from a light fixture of one embodiment of this invention with different
volumetric light scattering films.

Figure 6 is a chart depicting the measurements of the angular far-field luminous
intensity of the output from a light fixture of one embodiment of this invention with different
volumetric light scattering films and a light redirecting element.

Figure 7 is a cross-sectional side view of the light redirecting element of Figure 1.

Figure 8 is a photometric report of the output from a light fixture of one embodiment of

this invention.

Figure 9 is a cross-sectional side view of a single edge-lit indirect light fixture in
accordance with one embodiment of this invention.

Figure 10 is a cross-sectional side view of a single edge-lit direct light fixture 1n
accordance with one embodiment of this invention.

Figure 11 is a cross-sectional side view of a single edge-lit direct/indirect light fixture

in accordance with one embodiment ot this invention.

_3-
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Figure 12 1s a photometric report of the output from a light fixture of the type shown in
FIG. 11.

Figure 13 1s a cross-sectional side view of a single edge-lit direct light fixture oriented
vertically in accordance with one embodiment of this invention.

Figure 14 is an underside view of a double edge-lit light fixture comprising a
rectangular light emitting region in accordance with one embodiment of this invention.

Figure 15 1s an underside view of a double edge-lit light fixture comprising a wave-like
shaped light emitting region 1in accordance with one embodiment of this invention.

Figure 16 1s an underside view of a double edge-Iit light fixture comprising
substantially circular light emitting regions 1n accordance with one embodiment of this
Invention.

Figure 17 1s an underside view of a quadruple edge-lit light fixture comprising a
rectangular non-scattering region enclosed by a rectangular light emitting region wherein any
point on the light emitting region is disposed between two non-scattering regions in accordance
with one embodiment of this invention.

Figure 18 1s an underside view of a quadruple edge-lit light fixture comprising a
circular non-scattering region enclosed by a circular light emitting region wherein any point on
the light emitting region is disposed between two non-scattering regions in accordance with
one embodiment of this invention.

Figure 19 1s an underside view of a circularly 1lluminated edge-lit light fixture
comprising a non-scattering region disposed between the LEDs and a circular light emitting
region in accordance with one embodiment of this invention.

Figure 20 is an cross-sectional side view of an edge-lit indirect light fixture wherein the
LEDs are disposed in a central region with their optical axis directed away from the central
region and a non-scattering region 1s disposed between a light blocking region and a light
emitting region 1n accordance with one embodiment of this invention.

Figure 21 1s an cross-sectional side view of an edge-lit direct/indirect light fixture

wherein the LEDs are disposed 1n a central region with their optical axis directed away from
the central region and a non-scattering region is disposed between a light blocking region and a
light emitting region in accordance with one embodiment of this invention.

Figure 22 1s a depiction of four edge-lit light fixtures comprising a square light emitting

region and a non-scattering region in accordance with one embodiment of this invention.

_4 -
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Figure 23 1s a computer generated rendering of two double edge-lit light fixtures
comprising a rectangular light emitting region and a non-scattering region in accordance with
one embodiment of this invention.

Figure 24 is a computer generated rendering of a double edge-lit light fixture
comprising multiple circular light emitting regions and a non-scattering region in accordance
with one embodiment of this invention.

Figure 235 1s a report comprising the light output profiles, photographs, areas of the light
extracting regions and optical efficiency of single edge-lit light fixtures comprising a 24 inch
by 24 inch lightguide wherein the light extracting region is a volumetric light scattering
diffuser film with asymmetric diffusing angles of 56° x 2° with the major axis of diffusion
oriented orthogonal the array of LEDs at an edge.

Figure 26 1s a computer generated rendering of multiple edge-lit light fixtures
comprising light emitting regions and non-scattering regions in accordance with embodiments
of this invention.

Figure 27 is a photograph of the output from a light fixture of the type shown in FIG.135.

Figure 28 1s a report comprising the candela distribution, zonal lumen summary and
angular light output profiles of the light fixture 1n FIG. 27.

Figure 29 is a computer generated rendering of a double edge-lit direct/indirect linear
pendant light fixture of the type shown in FIG. 14 1n accordance with one embodiment of this
invention.

Figure 30 are the dimensional drawings of the light fixture of Figure 29 where the units
are 1n inches 1n accordance with one embodiment of this invention.

Figure 31 1s a computer generated rendering of two double edge-lit direct/indirect linear
pendant light fixtures comprising lightguides curved 1n a convex form relative to the nadir in
accordance with one embodiment of this invention.

Figure 32 are the dimensional drawings of the light fixture of Figure 31 where the units
are in inches 1n accordance with one embodiment of this invention.

Figure 33 1s a computer generated rendering of four light fixtures illuminated from a
central recessed region of the lightguide wherein a portion of the light emitting region 1s the
light blocking region 1n accordance with one embodiment of this invention.

Figure 34 comprises a cross-sectional, top, side, and bottom view of a light fixture in

F1G. 33.
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Figure 35 is a cross-sectional side view of edge-lit light fixture comprising a lightguide
with a non-curved light input edge in accordance with one embodiment of this invention.

Figure 36 is a cross-sectional side view of edge-lit light fixture comprising a lightguide
with a curved light input edge 1n accordance with one embodiment of this invention.

Figure 37 is a cross-sectional side view of a double edge-lit direct/indirect light fixture
comprising a light extracting volumetric scattering element on the bottom surface of the
lightguide depicting the increased angular width of the direct light relative to the indirect light
in accordance with one embodiment of this invention.

Figure 38 is a cross-sectional side view of a double edge-lit direct/indirect hight fixture
comprising a light extracting volumetric scattering element on the top surface ot the lightguide
depicting the increased angular width of the indirect light relative to the direct light in

accordance with one embodiment of this invention.

DETAILED DESCRIPTION OF THE INVENTION

The features and other details of the invention will now be more particularly described
with reference to the accompanying drawings, in which embodiments of the inventive subject
matter are shown. It will be understood that particular embodiments described herein are
shown by way of illustration and not as limitations of the invention. However, this inventive
subject matter should not be construed as limited to the embodiments set forth herein. The
principal features of this invention can be employed in various embodiments without departing
from the scope of the invention. All parts and percentages are by weight unless otherwise

specified. All patent applications and patents referenced herein are incorporated by reference.

The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the inventive subject matter. Like numbers reter to
like elements throughout. As used herein the term “and/or” includes any and all combinations
of one or more of the associated listed items. Also, as used herein, the singular forms “a”, “an”
and “the” are intended to include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms “comprises” and/or “comprising,” when
used in this specification, specify the presence of stated features, integers, steps, operations,

elements, and/or components, but do not preclude the presence or addition of one or more other

features, integers, steps, operations, elements, components, and/or groups thereof.
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Definitions

For convenience, certain terms used in the specification and examples are collected

here.

“Optically coupled” is defined herein as including the coupling, attaching or adhering
two or more regions or layers such that the intensity of light passing from one region to the
other is not substantially reduced due to Fresnel interfacial reflection losses due to differences
in refractive indices between the regions. Optical coupling methods include joining two
regions having similar refractive indices, or by using an optical adhesive with a refractive index
substantially near or in-between at least one of the regions or layers such as Optically Clear
Adhesive 8161 from 3M (with a refractive index at 633 nm of 1.474). Examples of optically
coupling include lamination using an index-matched optical adhesive such as a pressure
sensitive adhesive; lamination using a UV curable transparent adhesive; coating a region or
layer onto another region or layer; extruding a region or layer onto another region or layer; or
hot lamination using applied pressure to join two or more layers or regions that have

substantially close refractive indices. A “substantially close” refractive index difference 1s

about 0.5, 0.4, 0.3 or less, e.g., 0.2 or 0.1.

“Diffusion angle” is a measurement of the angular diffusion profile of the intensity of
light within a plane of emitted light. Typically the diffusion angle is defined according to an
angular Full-Width-at-Half-Maximum (FWHM) intensity defined by the total angular width at
50% of the maximum intensity of the angular light output profile. For diffusive films and
sheets, this is typically measured with collimated light at a specific wavelength or white light
incident normal to the film. Typically, for anisotropic diffusers, the FWHM values are
specified in two orthogonal planes such as the horizontal and vertical planes orthogonal to the
plane of the film. For example, if angles of +35° and -35° were measured to have one-half of
the maximum intensity in the horizontal direction, the FWHM diffusion angle in the horizontal
direction for the diffuser would be 70°. Similarly, the full-width at one-third maximum and
full-width at one-tenth maximum can be measured from the angles at which the intensity 1s

one-third and one-tenth of the maximum light intensity respectively.

The “asymmetry ratio” is the FWHM diffusion angle in a first light exiting plane
divided by the FWHM diffusion angle in a second light exiting plane orthogonal to the first,



10

15

20

25

30

CA 02702690 2010-05-03

and thus is a measure of the degree of asymmetry between the intensity profile in two

orthogonal planes of light exiting the diffuser.

A “spheroidal” or “symmetric” particle includes those substantially resembling a
sphere. A spheroidal particle may contain surface incongruities and irregularities but has a
generally circular cross-section in substantially all directions. A spheroid 1s a type of ellipsoid
wherein two of the 3 axes are equal. An “asymmetric” particle is referred to here as an
“ellipsoidal” particle wherein each of the three axis can be a different length. Ellipsoidal
particles can range in shapes from squashed or stretched spheres to very long filament like

shapes.

A “spherical” or “symmetric” disperse phase domain includes gaseous voids, micro-
bodies, or particles that substantially resemble a sphere. A spherical domain may contain
surface incongruities and irregularities but has a generally circular cross-section in substantially
all directions. A “‘spheroid” is a type of ellipsoid wherein two of the three axes are equal. An
“asymmetric” domain is referred to here as an “ellipsoidal” domain wherein each of the three
axis can be a different length. Typically, ellipsoidal domains resemble squashed or stretched
spheres. “Non-spherical” domains include ellipsoidal domains and other domains defined by
shapes that do not resemble a sphere such as those that not have constant radil. For example, a
non-spherical particle may have finger-like extensions within one plane (amoeba-like) and
substantially planar in a perpendicular plane. Also, fibrous domains are also non-spherical

disperse phase domains that may have aspect ratios of 10:1, 100:1 or larger.

“Light guide” or “waveguide” refers to a region bounded by the condition that light rays
traveling at an angle that is larger than the critical angle will reflect and remain within the
region. In a light guide, the light will reflect or TIR (totally internally reflect) 1f 1t the angle (a)
‘n,

LY.

from the surface normal does not satisfy the condition & < sin™ where n; 1s the retractive

index of the medium inside the light guide and n; is the refractive index of the medium outside
the light guide. Typically, n, is air with a refractive index of n=1, however, high and low
refractive index materials can be used to achieve light guide regions. The light guide may
comprise reflective components such as reflective films, aluminized coatings, surface relief
features, and other components that can re-direct or reflect light. The light gmde may also

contain non-scattering regions such as substrates. Light can be incident on a light guide region

_8 -
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from the sides or below and surface relief features or light scattering domains, phases or
elements within the region can direct light into larger angles such that 1t totally internally
reflects into smaller angles such that the light escapes the light guide. The light guide does not
need to be optically coupled to all of its components to be considered as a light guide. Light
may enter from any face (or interfacial refractive index boundary) of the waveguide region and
may totally internally reflect from the same or another refractive index interfacial boundary. A
region can be functional as a waveguide for purposes illustrated herein as long as the thickness
is larger than the wavelength of light of interest. For example, a light guide may be a 5 micron
region with 2 micron x 3 micron ellipsoidal dispersed particles or it may be a 3 millimeter

diffuser plate with 2.5 micron x 70 micron dispersed phase particles.

A “luminophor” emits light when it becomes excited. The expression “excited” means
that at least some electromagnetic radiation (e.g., visible light, UV light or infrared hight) 1is
contacting the luminophor, causing the luminophor to emit at least some light. The expression
“excited” encompasses situations where the luminophor emits light continuously or
intermittently at a rate such that a human eye would perceive it as emitting light continuously,
or where a plurality of luminophors of the same color or different colors are emitting light
intermittently and/or alternatingly (with or without overlap in “on” times) in such a way that a
human eye would perceive them as emitting light continuously (and, 1n cases where difterent

colors are emitted, as a mixture of those colors).

In one embodiment of this invention, a light emitting device comprises a lightguide, a
light extracting region, and a non-scattering region. In another embodiment of this invention,
the light emitting device further comprises a light redirecting element disposed to receive and
redirect a first portion of light extracted from the lightguide. In a further embodiment of this
invention, the lightguide 1s curved and the light redirecting element redirects a first portion of
light from a first angular range from the normal to the light output surface of the light emitting
device to a second light output angular range from the normal to the light output surface
wherein the second light output angular range is smaller than the first angular range. In a
further embodiment of this invention, the light emitting device further comprises a light
blocking region and a substantially non-scattering light transmitting region. In a further
embodiment of this invention, the light extracting region 1s a volumetric light scattering
element optically coupled 1n a first region to the lightguide. In another embodiment of this

invention, the volumetric light scattering material has a angular full-width at half —maximum

-9 .
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intensity when illuminated with collimated incident light in a first output plane of at least 5°. In
some embodiments, the volumetric light scattering material has a angular full-width at half —
maximum intensity when illuminated with collimated incident light in a first output plane of
one selected from the group of 0° to 10°, 10° to 20°, 20° to 30°, 30° to 40 °, 40° to 50°, 50 to
60°, 60° to 70°, 70° to 80°, 80° to 90°, and 90° to 100°. 0° to 10°, 10° to 20°, 20° to 30°, 30° to
40 °, 40° to 50°, 50° to 60°, 60° to 70°, 70° to 80°, 80° to 90°, and 90° to 100°. In one
embodiment of this invention, the volumetric light scattering material symmetrically scatters
incident light such that the angular FWHM in a first light output plane 1s substantially the same
as the angular FWHM in a second light output plane orthogonal to the first light output plane.
In another embodiment of this invention, the volumetric light scattering material

asymmetrically scatters incident light such that the asymmetry ratio is greater than 1.05.
LIGHT SOURCE

In one embodiment of this invention, the light emitting device comprises at least one
light source selected from the group of: fluorescent lamp, cylindrical cold-cathode fluorescent
lamp, flat fluorescent lamp, light emitting diode, organic light emitting diode, field emissive
lamp, gas discharge lamp, neon lamp, filament lamp, incandescent lamp, electroluminescent
lamp, radiofluorescent lamp, halogen lamp, incandescent lamp, mercury vapor lamp, sodium
vapor lamp, high pressure sodium lamp, metal halide lamp, tungsten lamp, carbon arc lamp,
electroluminescent lamp, laser, photonic bandgap based light source, quantum dot based hight
source and other solid state light emitters including inorganic and organic light emitters.
Examples of types of such light emitters include a wide variety of light emitting diodes
(inorganic or organic, including polymer light emitting diodes (PLEDs)), laser diodes, thin film
electroluminescent devices, light emitting polymers (LEPs), a variety of each of which are
well-known in the art. In one embodiment of this invention, the light source 1s a transparent
OLED such as those produced by Universal Display Corporation. In a further embodiment of
this invention, at least one of the light transmitting regions (or material) comprises a phosphor

or phosphorescent material and the light source emits light capable of exciting the phosphor.

In one embodiment of this invention, a light emitting device comprises at least one light
source that is pulsed to two different power output levels at a sufficiently high frequency such

that the output is perceived as constant. In a further embodiment of this invention, a light

- 10 -
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emitting device comprises at least one light source that is pulsed at a rate higher than one

selected from 15 hertz, 30 hertz, 60 hertz, 120 hertz, 200 hertz, and 400 hertz.

MULTIPLE LIGHT SOURCES

More than one light source may be used in an array, grouping or arrangement where the
source types, spectral output, color, angular output, output flux, spatial locations or orientations
of the light sources may vary in one or more directions, planes or surfaces in a predetermined,
random, quasi-random, regular or irregular manor. In one embodiment of this invention, the
light emitting device comprises more than one light source arranged 1n at least one pattern
selected from linear array, co-linear arrays, cylindrical arrays, spherical arrays, circular array,
two-dimensional array, three-dimensional array, varying height array, angle of orientation
varying array, opposing arrays oriented in substantially opposite directions and arrays oriented
along a surface. Arrays of light sources such as LEDs can be configured as disclosed in US

patent number 7,322,732.

ﬁ

In one embodiment of this invention, a light emitting device comprises an array of light
sources disposed on at least one of a circuit board, connecting surface, flexible connecting
surface, heat-sink, metal substrate, copper substrate, aluminum substrate, lightguide, or

polymer substrate.
LIGHT SOURCE SPECTRAL OUTPUT

In one embodiment of this invention, a light emitting device comprises light sources
wherein the spectral output the light source or group of sources is narrowband or broadband.
The light source color may be a primary color, non-primary color, white, cool white, warm
white or other color in the visible, ultraviolet, or infrared spectrum. Various combinations of
light sources of different spectral properties may be used to provide desired spectral output in
an angular range or spatial region or for all or a portion of the total light output of the light
emitting device. Spectral properties of the light emitting region or the light emitted from the
light emitting device may include overlapping first and second spectral properties
(corresponding to first and second colors, respectively), such that a third color is perceived with
third spectral properties. The overlap may occur spatially, such as in the case of a red and blue
LED 1lluminating the same region of a diffuser that appears purple. Also, the overlap may

occur in time such as a red and blue LED flashed sufficiently fast that the perceived color 1s

- 11 -
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purple. Combinations of different spectral sources in a light emitting device include those

discuséed in US patent numbers 5,803,579 and 7,213,940.

In one embodiment of this invention, the light source emits light of a substantially
single color (a full wavelength bandwidth at have maximum intensity of less than 40
nanometers for example). In another embodiment of this invention, the light emitting device
(or the light source within a light emitting device) includes a light emitting region and a
wavelength conversion material such as a luminophor. The luminophor may be a fluorophore,
a phosphor, or other chemical compound that manifests luminescence such as transition metal
complexes (ruthenium tris-2°2’-bipyridine). In another embodiment of this invention, a light
emitting device comprises at least one wavelength conversion material that is a non-linear
optical material such that a first portion of incident light undergoes second harmonic generation
(SHG), sum frequency generation (SFG), third harmonic generation (THG), difference
frequency generation (DFG), parametric amplification, parametric oscillation, parametric
generation, spontaneous parametric down conversion (SPDC), optical retification, or four-wave
mixing (FWM). Examples of non-linear optical materials are known in the photonics industry
and include potassium niobate, lithium iodate, gallium selenide. The wavelength conversion
material may be located 1n or on one or more surfaces or elements within the light emitting
device or within the light source packaging, such as a phosphor material deposited on or in a
light scattering lens of a light emitting device or deposited near the die of an LED or within the
LED package. Alternatively, the wavelength conversion material may be located remotely or

outside the light source packaging, as in the case of some remote phosphors and phosphor

films.
LIGHTGUIDE

In one embodiment of this invention, a lightguide comprises a light extracting region.
A lightguide 1s a region bounded by the condition that light rays traveling at an angle that is
larger than the critical angle will reflect and remain within the region. Thus, a lightguide
region of a material or materials 1s capable of supporting a significant number of multiple
internal reflections of light due to the refractive index difference between the material and the
surrounding material. Typically, a lightguide or waveguide is comprised of a polymer or glass

and the surrounding material is air or a cladding material with a lower refractive index. A

-12 -
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lightguide may be formed from a light transmitting material. The lightguide may contain
materials or regions within the volume that will scatter, reflect, refract, or absorb re-emit a first
portion of light into an angular condition such that it escapes the lightguide. In one
embodiment of this invention, a lightguide comprises a substantially transparent, non-scattering
polymer optically coupled to a light scattering material in one or more regions. The light
scattering material can be a volumetric scattering region or film, a surface relief region or film,
or a combination thereof. In another embodiment of this invention, the lightguide is a film or
sheet comprising a matrix material and light scattering domains dispersed substantially
throughout the fiim or sheet. In another embodiment of this invention, the lightguide

comprises a substantially non-scattering region and a volumetric light scattering region, or

other combination of regions as discussed in US patent numbers 7,431,489, 7,278,785,
6,924,014, 6,379,016, 5,237,641, and 5,594,830. In one embodiment of this ivention, a light
emitting device comprises a “hollow lightguide”. Examples of “hollow lightguides” are

discussed in US Patent Number 6,481,882. In another embodiment of this invention, a light

emitting device comprises a fluted lightguide. Examples of fluted lightguides are discussed
i US Patent Number 6,481,882. In another embodiment of this invention, a light emitting
device comprises a lightguide with grooves or surface relief structures on at least one surface.
Examples of surface relief structures including grooves on lightguides are discussed in US
Patent Number 7,046,905. Other types of lightguides are known 1n the backlighting industry
and optical fiber industries.

Typically, a lightguide extends longer in a first direction than a second direction
orthogonal to the first. In these cases and in the notation used herein, the length, L, is the
dimension of the lightguide in the first direction and width, W, is the lehg’fh of the dimension of
the lightguide in the second direction orthogonal to the first. A lightguide can have any desired
length or width. In some embodiments, a lightguide has a width of at least about 0.5 inches. In
some embodiments, a lightguide has a width of at least about 1 inch or at least about 5 inches.

A lightguide in some embodiments, has a length of at least about 1 inch. In some
embodiments, a lightguide has a length of at least about 12 inches, at least about 24 inches, at

least about 36 inches or at least about 48 inches. In some embodiments, a lightguide is a
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square, rectangular or other polygonal panel. In some embodiments, a lightguide 1s a planar

panel or a curved panel.

The light may enter the lightguide through any number or combination of surfaces of
the lightguide. Light may enter through the edge (edge-surface), larger surface, or through a

light coupling element optically coupled to one or more surfaces of the lightguide.
LIGHTGUIDE SHAPE

The lightguide of one embodiment of this invention is substantially planar in shape. In
another embodiment of this invention the lightguide 1s substantially curved along at least one
direction. A curved lightguide includes lightguides wherein one or more surfaces has a surface
normal wherein the surface normal changes angle as one moves along the surface 1n a first
direction. These can include continuously changing surfaces or curves as well as discretely
changing (sharp corners) transitions. The lightguide may be curved on two or more opposite
faces or only on one face. The curved shape or surface includes those that can be defined by a
mathematical relationships such as f(x,y,z). The cross-sectional side view of an curved surface
(or portion of a surface) of a lightguide may illustrate an arc in two-dimensional form that takes
the shape of a full or partial circle, parabolic curve, conic section, rational curve, or elliptic

CUrve.

In one embodiment of this invention, a light emitting device comprises a lightguide
with a curved region and at least one substantially planar region. In one embodiment of this
invention, the lightguide comprises substantially planar lightguide regions disposed in-between
a light blocking region. By using planar lightguide regions near the light sources, the
construction of the element for the light blocking region, such as a reflector, 1s less costly since

they are simple folds rather than defined curves.

In one embodiment of this invention, the curvature of the lightguide redirects a portion
of the output from a first region of the light emitting region by rotating the angle of the exiting
light 1n the direction which the region of the surtace from which it exited was rotated relative to
a flat, planar surface. For example, when a planar lightguide i1s curved (or angled) to a concave
lightguide relative to the nadir as illustrated in FIG. 1, a portion ot the light from the LEDs on
the left side of the lightguide which 1s extracted from the lightguide in the region near the left
side of the light extracting region is rotated to larger angles from the nadir than the output from

a similar planar lightguide. Similarly, a portion of the light from the LEDs on the right side of
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the lightguide which is extracted from the lightguide in the region near the right side of the
light extracting region is rotated to larger angles from the nadir than the output from a similar

planar lightguide.

When a planar lightguide is curved or angled to a convex hightguide relative to the
nadir, a portion of the light extracted from the lightguide from the LEDs on the lett side of the
lightguide in the region near the left side of the light extracting region 1s rotated to smaller
angles from the nadir than the output from a similar planar lightguide. Similarly, a portion ot
the light extracted from the lightguide from the LEDs on the right side of the hightguide in the
region near the right side of the light extracting region is rotated to smaller angles from the

nadir than the output from a similar planar lightguide.

Light traveling in a lightguide, from left to right for example, may encounter one or
more curved boundary surfaces of the lightguide that increase or decrease the angle ot
incidence at the lightguide boundary interface relative to a planar lightguide. In one
embodiment of this invention, the lightguide is curved or angled in a convex shape relative to
the nadir and a portion of the angular light output of the light emitting device relative to that of
a similar planar lightguide is directed more toward the nadir in a first plane comprising the
curved shape. In a further embodiment of this invention, the lightguide 1s curved or angled in a
concave shape relative to the nadir and a portion of the angular light output of the light emitting
device relative to that of a similar planar lightguide is directed more away from the nadir in a

first plane comprising the curved shape.

In a further embodiment of this invention, the light blocking region or other element ot
the light emitting device such as a housing or thermal transfer element or heat sink reflects,
absorbs, refracts or scatters a portion of light from a light emitting region of the light emitting

device traveling at an angle selected from 40°, 50° 60°, 70° and 80° from the nadir.

In another embodiment of this invention, the light blocking region or other element of
the light emitting device such as a housing or thermal transfer element or heat sink reflects,
absorbs, refracts or scatters a portion of light from a light emitting region of the light emitting
device comprising a curved lightguide such that the luminance 1n an angular region from 55
degrees to 90 degrees from the nadir 1s less than the luminance at the same angle from the nadir

of a similar ight emitting device with a planar, non-curved lightguide.
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In one embodiment of this invention, a light emitting device comprises at least one
lightguide that has a curved or polygonal cross-sectional shape in a plane parallel to the normal
of a region of the light output surface. The lightguide may be tapered 1n one or more
directions. In a further embodiment, the lightguide extends further in a first region in a
direction parallel to a surface normal of the light emitting region or nadir than a second region
of the lightguide. A lightguide extended further in one region than another may include
concave Ccross-sections, convex cross-sections, arcuate cross-sections or other cross sections
that are not symmetric about an axis parallel to the normal to the light emitting output surface

or nadir 1n a region of the light output surface.

LIGHTGUIDE ORIENTATION

[n one embodiment of this invention, a light emitting device comprises at least one
lightguide oriented at a first angle alpha from one selected from the group of light emitting
region surface normal, nadir, light output surface normal, an outer housing surface of the light
emitting device or light fixture, optical axis of the light emitting device, and optical axis of a
light source. In one embodiment, alpha is approximately one selected from the group ot 0%,
30°, 45°, 60°, and 90°. In a further embodiment of this invention, alpha is one selected trom
the group of 0°< alpha < 30°, 30°< alpha < 45°, 45°< alpha < 60°, and 60°< alpha <90°. Ina
further embodiment of this invention, a light emitting device comprises a first lightguide
oriented at an angle alpha and a second lightguide oriented at an angle beta. In one
embodiment, beta is approximately one selected from the group of 0°, 30°, 45°, 60°, and 90°.

In a further embodiment of this invention, beta is one selected from the group of 0°< beta <

30°, 30°< beta < 45°, 45°< beta < 60°, and 60°< beta < 90°.
LIGHTGUIDE INPUT EDGE

In one embodiment of this invention, the surface of the input edge of a lightguide which
receives the light from the light source is one of curved, lens-like, convex, concave, non-planar
or parametric surface wherein the angular orientation of the surface normal across the surface
changes. In one embodiment of this invention, a light emitting device comprises a lightguide
with an input surface with a concave region disposed adjacent to a light source. A concave
surface disposed to receive light from a light source such that the light from the light source 1s
not refracted toward the optical axis of the light source in the lightguide will spread faster

within the lightguide in the plane of the curvature, thus reducing the mixing distance. The
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curvature may be in the length direction, width direction or both. In one embodiment of this
invention, the input edge of a lightguide is concave within a first plane parallel to the optical
axis of the light source and convex within a second plane parallel to the optical axis of the light
source and perpendicular to the first plane. In one embodiment of this invention, the input
surface of the lightguide is illuminated by a plurality of light sources wherein the light from the
plurality of light sources cross paths within the lightguide. In a further embodiment of this
invention, the lightguide comprises at least one recessed region wherein the light output plane

or surface of the light source is at least partially disposed within the recess.
LIGHT EMITTING REGION

In one embodiment of this invention, a light emitting device comprises a lightguide and
a light emitting region. The light emitting region comprises the last optical elements from
which the light leaves the light emitting device. In one embodiment of this invention, the light
emitting region comprises at least one selected from a light scattering lens, lightguide, hght
reflecting element, reflector, housing, volumetric light scattering element, ditfuser surtace
relief diffuser, optical film, substrate, substantially transparent lens or protective or holding
cover material, and glass lens. The light emitting region may be planer, curved, domed,
arcuate, quadric, radially symmetric, more than half of a sphere, or other surface shape. The
light emitting region may comprise more than one lightguide in a light emitting device and may

include a reflector or transparent, non-scattering lens or region.
LIGHT OUTPUT SURFACE

The light output surface is the outer surface of the light emitting device comprising the
light emitting region. In one embodiment, the light output surface 1s the portion of the outer
surface comprising the light emitting region where the light blocking region 1s not disposed
between the light emitting region and the lightguide along a direction normal to the light output
surface. In one embodiment of this invention, the light output surface comprises a light

extracting region and a non-scattering region which is substantially transparent.
LIGHT BLOCKING REGION

In one embodiment of this invention, a light emitting device comprises at least one light
blocking region disposed between the light source and a region of the hght output surface. The
light blocking region may be a reflector, bezel, or a material with a total luminous

transmittance 0/d of less than 50%. The light blocking region may reflect, scatter, or absorb a
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first portion of incident light that would not otherwise pass back into the lightguide directly. In
one embodiment of this invention, the light blocking region is one selected from the group ot
aluminum reflector, metallic reflector, metalized film, multilayer polymeric reflective film,
light absorbing material, and polymeric material absorbing a first portion of light. The light
blocking material may be disposed near or on one or more surfaces of the lightguide. In one
embodiment of this invention, the light blocking material comprises a retlector and a light
absorbing material disposed near at least one edge of a lightguide wherein the light absorbing
material is disposed between the reflector and the bottom surface of the lightguide and the light
blocking region does not comprise a light absorbing material disposed on the top surtace ot the
lightguide. In some embodiments, the total width of the light blocking region ranges from
about 0.5 inches to about 100 inches 1n a first directions and ranges from about 0.5 inches to

about 100 inches in a second direction normal to the first direction.

In one embodiment of this invention, the light emitting device is a direct-indirect light
fixture and the reflector provides the mechanically coupling or physically coupling support for
the lightguide and there is no light absorbing region between the top surface of the lightguide

and the reflector.
REFLECTOR

In one embodiment of this invention, a light emitting device comprises a light blocking
region comprising a reflector disposed to receive direct and indirect light from a light source
which does not satisfy the total internal reflection condition. The reflector may be a light
reflecting element which reflects or reflects and absorbs substantially all of the incident light
from a light source. An example of a reflector used in a light emitting device includes a metal
bezel or frame on a lightguide. The light source may be disposed substantially within the
reflector and the reflector, light absorbing region or both may extend out over a portion of one
or both faces or surfaces of a lightguide. The reflector may be a metal such as aluminum or
aluminum composite and may be thermally coupled to the thermal transter element. In one
embodiment of this invention, the reflector is at least one thermal transfer element 1n the light

emitting device system. Reflectors can also be composed of light transmitting materzals.

Lightguides often have reflectors near the light sources disposed near the edge of the
lightguide to reflect light that is not coupled into the lightguide or does not pass through the
lightguide at an angle greater than the critical angle for the lightguide. The light reflected ott
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of the reflectors may be diffusely reflected or specularly reflected. This reflected light may
escape the light emitting device after passing through a scattering element or back reflector of

the light emitting device.
STRAY LIGHT NEAR LIGHT BLOCKING REGION

In one embodiment of this invention, a light emitting device comprising a lightguide
where there is a non-scattering clear region near one or more of the light sources and between
the end of the reflector and the light extracting element (such as a volumetric light scattering
element), the light reflected off of a surface (top or bottom for example) of the retlector or light
blocking region does not further diffuse and passes out through the lightguide. This light 1s
often of a very high luminance due to the proximity to the light source(s). The intensity and
orientation of the stray light emitted near a reflector is also affected by the alignment (or
centering) of the lightguide edge with the light source or LED. When the hight source or LED
is not centered on the edge and the thickness of the edge 1s close to the width of the light
emitting region of the light source, a significant portion of light may be directly incident on the
reflector before passing through the lightguide. If the distance between the upper and lower
faces of the reflector is larger than thickness of the lightguide disposed between the faces, hght
from a mis-aligned light source or (light source size larger than the edge thickness) can pass
between the reflector and lightguide and emit from the device as stray light or cause other
unwanted optical effects. In one embodiment of this invention, a light absorbing material 1s
disposed in a region between the reflector and the lightguide and reduces the intensity of stray

light and may reduce the apparent luminance of a non-scattering region.

In a further embodiment of this invention, the light blocking region comprises a light
absorbing material disposed to receive a first portion of direct light from the light source which
is not coupled into the lightguide or a first portion of light from the light source which enters
the lightguide and passes out of the lightguide since it does not satisfy the waveguide condition.
The light blocking region may be a light absorbing material that absorbs a first portion of stray
light on at least one side of the lightguide.

LIGHT ABSORBING MATERIAL

In one embodiment of this invention, a light absorbing material is disposed 1n a region
between the reflector and the light source such that a portion of the incident light 1s absorbed.

In one embodiment of this invention, the light absorbing material has a d/8 diffuse retflectance
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less than one selected from 90%, 70%, 50%, 30%, 20%, or 10%. The light absorbing material
may absorb one or more visible wavelength regions more than another such that the light which
is not absorbed has a color different than the average color of the light from the light sources
incident on the light absorbing material. In one embodiment of this invention, the color
difference, Au’v’, between the average color of the light reaching the light absorbing material

and the light exiting the lightguide due to reflection from the reflectors 1s greater than 0.01.

In one embodiment of this invention, the light absorbing material 1s tinted, dyed, or
colored black or gray and may be transmissive or opaque. The light reflecting from the light
absorbing material or the light transmitting through the light absorbing material may be
specular or diffuse and the surface of the light absorbing material may have a high gloss or a
low gloss. A low gloss material will diffuse more light than a high gloss material. In one
embodiment of this invention, the gloss of the light absorbing material measured according to
the ASTM D 523 standard is less than one gloss unit selected from 80, 60, 40, 30, 20, 10 and 5.
In a further embodiment of this invention, the gloss of the light absorbing material measured
according to the ASTM D 523 standard is greater than one gloss unit selected from 80, 60, 40,
30, 20, 10 and 5.

The light absorbing material may be partially light absorbing and may comprise light
transmitting materials. The light absorbing material may comprise a polymeric material, an
organic material, inorganic material, painted surface, painted metal, or a high temperature

material such as chlorinated PVC (CPVC) or a tinted polycarbonate or tluoropolymer.

In one embodiment of this invention, the light absorbing material has a luminous

transmittance measured according to ASTM D1003 less than one selected from the group of
10%, 20%, 30%, 50%, 70% and 80%. In a further embodiment of this invention, the light

absorbing material has reflectance less than one selected from the group of 10%, 20%, 30%,
50%, 70% and 80%. In a further embodiment of this invention, the light absorbing material has

a luminous transmittance less than 5% and a reflectance between 0% and 20%.
NON-OPTICALLY COUPLED LIGHT BLOCKING REGION

In one embodiment of this invention, the light blocking region comprises a light
absorbing region wherein the light absorbing region is not optically coupled to the lightguide.
Light absorbing regions which are optically coupled to the lightguide can absorb light traveling
within the lightguide in addition to the stray light which does not satisfy the waveguide
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condition. Light can be prevented from coupling into the light absorbing region by using an air
gap or sufficiently low refractive index region between the light absorbing region and the
lightguide. An air gap may be achieved in a significant portion of the interface between the
light absorbing material and the lightguide by using a light absorbing material with a rough

surface or low gloss.
OPTICALLY COUPLED LIGHT BLOCKING REGION

In one embodiment of this invention, the light blocking region comprises a specularly
reflective region which 1s optically coupled to a region of the lightguide. A specular reflector
which is optically coupled to a surface of a lightguide does not significantly affect the direction
of light traveling within the lightguide. The specular reflector may be partially absorptive or

partially transmissive or a combination of both.
LIGHT EXTRACTING REGION TYPE

In one embodiment of this invention, the light extracting region comprises the light extracting
features and 1s at least one selected from the group of volumetric light scattering region or film,
surface relief region or film, a volumetric or surface relief region or film optically coupled in
on or more regions to the lightguide or a combination of volumetric and surface reliet light
scattering region. A light emitting device may comprise more than one or more than one type
of light extracting region. Optical films such as volumetric light scattering diffusers or surface
relief light scattering diffusers may be optically coupled to the lightguide in predetermined
patterns, regions, or uniformly such that a first portion of light is extracted from the lightguide

in the optically coupled region.
LIGHT EXTRACTING REGION LOCATION

In one embodiment of this invention, the light extracting region 1s disposed within the
lightguide or on at least one surface of the lightguide. In a further embodiment of this
invention, the light extracting region is disposed between at least one light source and a light
output surface in a first direction parallel to the normal to the light output surface or light
emitting region. The light emitting device of one embodiment of this invention comprises more
than one light extracting region. On or more of the light extracting regions may be located
within or adhered to the lightguide. The light extracting region may be optically coupled to one
or more elements of the light emitting device. In one embodiment of this invention, the light

extracting region 1s optically coupled to one or more components of the light emitting device
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using a low refractive index adhesive. In a further embodiment of this invention, light
extracting region, such as a volumetric light scattering region, is located in at least one of
within the waveguide, within a substrate, within a multi-region diffuser, between the light
redirecting element and the lightguide, within a coating on a lightguide, within a film optically
coupled to the lightguide, within an adhesive between two elements or regions of a light
emitting device. The light extracting region may be coupled to the top, bottom, or both top and
bottom surtaces of the light guide and may be on the opposite or the same side as a light

redirecting element.
LIGHT EXTRACTION FEATURES ON THE LIGHTGUIDE

In one embodiment of this invention, a light emitting device comprises a lightguide
with light extraction surface features disposed on or within at least one inner or outer light
output surface. In one embodiment of this invention, the light extraction features are disposed
to receive light from within the lightguide and re-direct a first portion of the incident light to an
angle less than the critical angle at an outer surface of the lightguide. Light extraction surface
features may include non-planar modifications or additions to a surface. An example of adding
light extraction surface features include screenprinting translucent or light scattering ink
features on the surface of the lightguide such as titanium dioxide or barium sulfate or beads
dispersed in a methacrylate based ink or binder. An example of a subtractive modification to a
surface to achieve light extraction features includes laser ablation of a PMMA substrate to
achieve pits or ridges 1n a surface to scatter, reflect or refract incident light 'from within the
lightguide. Other light extraction features included injection molded surface features,
embossed features into the surface, optically coupling surface-relief films to the lightguide,
optically coupling volumetric light scattering regions or films to the lightguide, insert molding
optical elements or diffuser films to the lightguide, extruding or casting or injection molding a
lightguide comprising light scattering domains within the volume, mechanically or etching or
scribing features into the lightguide, abrading features into the lightguide, sandblasting
features, printing features, photopolymerizing or selective polymerizing of features into a layer
or coating and other methods known in the art of backlights for displays for achieving light

extraction from a lightguide. In one embodiment of this invention, a lightguide comprises a

light extracting features disclosed in US patent numbers
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5,594,830, 5,237,341, 6,447,135, 6,347,873, 6,099,135, and 7,192.174.

LIGHT EXTRACTING REGION WIDTH

In one embodiment of this invention, the total width of the light extracting region in a
first direction parallel to the optical axis of at least one light source is less than one selected
from 95%, 90%, 80%, 70%, 60%, 50% and 30% of the total width of the lightguide or light
output surface in the first direction. The total width of the light extracting region contributes to
the uniformity of the light emitted from the light output surface. In a further embodiment of
this invention, the total width of the light extracting region in a second direction orthogonal to
the optical axis of at least one light source is less than one selected from 95%, 90%, 80%, 70%,
60%, 50% and 30% of the total width of the lightguide or light output surface in the second
direction. In one embodiment of this invention, the total width of the light extracting region is
between 0.5 inches and 100 inches in a first direction and between 0.5 inches and 100 inches in
a second direction orthogonal to the first direction. In some embodiments of this invention, the
total width of the light extracting region is between 1 inches and 100 inches in a first direction

and between 1 inch and 100 inches in a second direction orthogonal to the first direction.
LIGHT EXTRACTING REGION AREA

In one embodiment of this invention, the total area of the light extracting regions is less
than one selected from 95%, 90%, 80%, 70%, 60%, 50% and 30% of the total area of the
lightguide or light output surface. The light emitting device or lightguide may comprise
multiple hight extracting regions disposed along one or more surfaces or within one or more

lightguides within the light emitting device.
LIGHT EXTRACTING REGION SHAPE

In one embodiment of this invention, the cross-sectional shape of one or more of the
light extracting regions or light output regions in a plane perpendicular to the normal to the
output surface near the light extracting region is one selected from the group of circular,
elliptical, square, rectangular, polygonal, amoeba-like, partially curved and straight, a
combination of the aforementioned shapes or other closed shape. The shapes may have a genus
greater than zero. Shapes with of a genus greater than zero include doughnut like areas or
stretched doughnut like areas. In a further embodiment of this invention, the cross-sectional

shape of one or more of the light extracting regions or light output regions in a plane
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perpendicular to the normal to the output surface near the light extracting region substantially

encloses a non-scattering region.
LIGHT EXTRACTION REGION DISCONTINUITY

In one embodiment of this invention, a light emitting device comprises at least one light
source, a lightguide, a first light extraction region disposed on the lightguide and a second
region of light extraction disposed on the lightguide discontinuous with the first light extraction

region.
NON-SCATTERING REGION

In one embodiment of this invention, a light emitting device comprises at least one light
source, a lightguide, a light extraction region, a light blocking region, and a substantially non-
scattering region disposed in-between the light blocking region and the light extraction region.
A non-scattering region or substantially non-scattering region may comprise a region with a
low amount or level of scattering. The non-scattering region may be transparent and may
absorb a first portion of light such as in the case of a dyed lightguide. In a further embodiment
of this invention, the light extracting region is disposed in-between the light blocking region
and a non-scattering region. In one embodiment of this invention, the non-scattering region
does not substantially scatter light incident externally from one side of the lightguide traveling
through the lightguide and out the light output surface. In another embodiment of this
invention, the non-scattering region width allows the light from more than one light source to
mix within the lightguide such that the light from the light emitting device from the light
emitting surface 1n the region near the non-scattering region has a spatial luminance uniformity

greater than one selected from 40%, 50%, 60%, 70%, 80%, and 90%. The degree of scattering,

or light redirection from the non-scattering region may be measured by a haze measurement,
clarity measurement or angular width of substantially collimated light passing through the

region.

Haze 1s one method for measuring the amount of wide angle scattering in non-scattering
region. In one embodiment of this invention, the haze of the of the substantially non-scattering
region measured according to ASTM D1003 with a BYK Gardner Hazemeter is less than one
selected from the group of 2%, 5%, 7%, and 10%.
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Clarity is method for measuring the narrow angle scattering of a non-scattering element.

In one embodiment of this invention, the clarity of the of the non-scattering region measured

with a BYK Gardner Hazemeter is greater than one of 90%, 93%, 95%, and 98%.

A measurement of the angular FWHM of collimated light passing through a
substantially non-scattering region is another method for determining the amount of scatter in a
substantially non-scattering region. In one embodiment of this invention, a substantially non-
scattering region has an angular FWHM intensity of collimated laser light at 532nm incident

normal to the region less than one of 5°, 3°, 2° and 1° in one or both light output planes.
NON-SCATTERING REGION WIDTH

In one embodiment of this invention, a light emitting device comprises a lightguide
with a non-scattering region and a light extracting region wherein the total width of the non-
scattering region in a first direction parallel to the optical axis of at least one light source 1s
greater than one selected from 5%, 10%, 20%, 30%, 40%, and 50% of the total width of the
lightguide or light output surface in the first direction. In a further embodiment of this
invention, the total width of the non-scattering region in a second direction orthogonal to the
optical axis of at least one light source is greater than one selected from 5%, 10%, 20%, 30%,
40%, and 50% of the total width of the lightguide or light output surface in the second
direction. In one embodiment of this invention, the total width of the non-scattering region 1s
between 1 inch and 100 inches in a first direction and between 1 inch and 100 inches in a

second direction orthogonal to the first direction.

The non-scattering region may provide adequate distance in the direction parallel to one
light source optical axis for the light flux from more than one light source to mix. In one
embodiment of this invention, a light emitting device comprises at least two light sources
disposed at one edge of a lightguide separated by a distance D, a light blocking region, and a
lightguide comprising a non-scattering region of width W disposed between the light blocking
region and the light extracting region. In a further embodiment of this invention, ratio of W/D
is greater than one selected from 1, 1.4, 1.8, 2, 4, and 6. In a further embodiment of this
invention, a light emitting device comprises an array of LEDs disposed at one edge, a hght
blocking region, and a transparent non-scattering region disposed between the light blocking
region and the light extracting region wherein the pitch of the LEDs 1s between 0.1 and 13

inches, the width of the transparent non-scattering region is between 1 and 25 inches and the
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width of the light extracting region is between 3 and 100 inches in a first direction parallel to

the optical axis of at least one light source.
VOLUMETRIC LIGHT-SCATTERING REGION OR ELEMENT

In one embodiment of this invention, the light emitting device comprises one or more
volumetric light scattering regions, layers or elements comprising dispersed phase domains or
voids. Volumetric or surface relief light scattering elements can be composed of light
transmitting materials. The matrix or dispersed phase domains may be a gaseous material
(hollow lightguide or voided diffuser, respectively, for example) or a light transmitting
material. The volumetric or surface relief light scattering regions of one or more embodiments
of this 1nvention may scatter light isotropically or anisotropically. In one embodiment of this
invention, a lightguide comprises a diffusing film comprising dispersed phase domains within a
polymer matrix. Processing and choice of materials can create non-spherical domains which
will scatter light anisotropically. Other methods for creating volumetric diffusing elements or

diffusers including symmetric and asymmetric shaped domains are described in US patent

numbers 5,932,342, 6,346,311, 6,940,643, 6,673,275, 6,567,215 and 6,917,396. Multi-region

diffusers may also be used.

Haze 1s one method for measuring the amount of wide angle scattering in an element.
In one embodiment of this invention, the haze of the of the surface relief or volumetric light
scattering element measured according to ASTM D1003 with a BYK Gardner Hazemeter is
greater than one of 5%, 10%, 20%, 50%, 80%, 90%, or 99% .

Clanty 1s method for measuring the narrow angle scattering of a light scattering
element. In one embodiment of this invention, the clarity of the of the surface relief or

volumetric light scattering element measured with a BYK Gardner Hazemeter is less than one

of 5%, 10%, 20%, 50%, 80%, 90%, or 99% .

The total luminous transmittance in the 0/d geometry of a light scattering element or
light transmitting material is one method for measuring the forward scattering efficiency in an
element. In one embodiment of this invention, the transmittance of the of the surface relief or
volumetric light scattering element measured according to ASTM D1003 with a BYK Gardner
Hazemeter 1s greater than one of 5%, 10%, 20%, 50%, 80%, 90%, or 99% .
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