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(57) ABSTRACT

An enhanced light fixture containing a volumetric diffuser to
control the spatial luminance uniformity and angular spread
of light from the light fixture is disclosed. The volumetric
diffuser provides increased spatial luminance uniformity and
efficient control over the illuminance such that power reduc-
tions, reduced cost or reduced size may be achieved. The
volumetric diffuser contains one or more regions of volumet-
ric light scattering particles. The spread of illumination of
light from a light emitting source can be efficiently controlled
by using a thin, low cost, volumetric, diffuser to direct the
light in the desired direction. This allows the reduction in
number of light sources, a reduction in power requirements,
or a more tailored illumination. When the volumetric diffuser
is used in combination with a waveguide to extract light, the
light is efficiently coupled out of the waveguide in a thin,
planar surface. This transmissive diffuser can be coupled to a
reflecting element such that the resulting combination is a
light reflecting element with a desired light scattering profile.

13 Claims, 20 Drawing Sheets
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1
ENHANCED LIGHT FIXTURE WITH
VOLUMETRIC LIGHT SCATTERING

RELATED APPLICATIONS

This application is a continuation-in-part application of
U.S. patent application Ser. No. 12/198,175, filed Aug. 8,
2008, which is pending and is a continuation of U.S. appli-
cation Ser. No. 11/282,551, filed Nov. 17, 2005, now U.S. Pat.
No. 7,431,489, which claims the benefit of U.S. Provisional
Application No. 60/628,852, filed on Nov. 17,2004, the entire
contents of all which are incorporated herein by reference.

FIELD OF THE INVENTION

The invention generally relates to light fixtures, luminaries,
lamps or other light emitting devices capable of being used
for illumination.

BACKGROUND OF THE INVENTION

Fluorescent light bulb based light fixtures are generally
rectangular in shape due to the typical long cylindrical shape
of'the fluorescent bulbs. With the non-symmetric shape of the
light fixtures (longer in one direction), the light exiting the
fixture using symmetrically scattering diffusers does not typi-
cally produce a uniform light illumination.

Improvements in solid state light sources such as light
emitting diodes (LEDs) are continuously increasing their effi-
cacy with the luminous output per electrical watt approaching
fluorescent sources. LEDs are essentially point light sources
as opposed to the extended light sources of fluorescent bulbs.
Thus, the light from an LED has the potential to be controlled
more effectively, even when more than one LED is used.
Additionally, with the move toward point light sources, the
visible speckle contrast on the light fixture can increase. More
than one diffusive element in the path within the light fixture
can reduce this effect, but this technique has not been applied
to light fixtures. In other applications when more than one
diffuser is used to decrease speckle contrast, common com-
mercial symmetric diffusers may inefficiently spread the light
in a light fixture. As a result, more light is absorbed within the
fixture due to backscatter and the forward scattered light can
scatter inefficiently in undesirable directions. Thus, a method
is needed to efficiently scatter light while reducing the
speckle contrast.

Typical light fixtures used for home, office, outdoor or
other lighted areas generally employ traditional diffusive ele-
ments or refractive elements to spread the light from the light
source. In many situations, it is desired to spread the light
from the light source asymmetrically, directing more light
along a hallway or path for example. Traditional diffusive
elements are surface relief or symmetrically scattering volu-
metric materials. Surface relief elements can scatter sym-
metrically or asymmetrically. For example, holographic sur-
face relief diffusers such as those manufactured by Reflexite
Inc. or brushed aluminum can be used to asymmetrically
spread the light from a light source. Brushed aluminum sur-
faces are relatively expensive to manufacture compared to the
other diffusing options and are not often used. Surface relief
diffusers can scatter light asymmetrically, however, all sur-
face relief diffusers have a significant amount of backscatter
that can reduce optical efficiency. Additionally, asymmetric
surface relief diffusers are typically costly to produce (some-
times requiring expensive holographic mastering and preci-
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sion casting production techniques) and difficult to clean due
to dirt or particles becoming trapped in the inherent holes or
pits in the relief structure.

Common commercial symmetrically scattering volumetric
materials are typically easy to clean but do not efficiently
control the scattering of light. They can be free-standing,
laminated or otherwise optically coupled to another element
such as a substrate, a glass globe, or waveguide because they
do not rely on the refractive index difference between the
element and air to re-direct light.

Refractive elements are also often used to control the
spread of light from a light fixture. These refractive elements
can include prism structures, small or micro-lens structures,
dimples, indentions or other curved or angled structures one
or more surfaces of a film or substrate. The appearance of
these structures can create small bright spots in the fixture that
are aesthetically unpleasing. Often, the materials used are
brittle, creating fragile elements that can break easily. Also,
since the refractive elements inherently have at least one
surface that is not planar, they are significantly thicker than
volumetrically scattering diffusive elements. This can
increase the fixture volume and the cost of the fixture. Also,
the refractive elements are not easily cleaned due to their
surface structure.

Typically, when common commercial symmetric or sur-
face relief diffusion is used to scatter the light and make the
spatial luminance more uniform, there is a significant trade-
off between backscatter and luminance uniformity. Very high
isotropic diffusion in the volume or surface will generate a
significant amount of backscatter. A significant portion of this
backscatter will be absorbed within the fixture such as due to
residual absorption in the “white” regions and the light source
that do not perfectly reflect the light. As a result, often the
uniformity is reduced at the expense of keeping the illumi-
nance high.

SUMMARY OF THE INVENTION

The present invention addresses the need for enhanced
light fixtures that more efficiently control light spread, pro-
vide spatial luminance uniformity, have low cost production
cost, have elements that are easy to clean, and have reduced
speckle contrast. The invention relates to enhanced light fix-
tures containing a volumetric diffuser to control the spatial
luminance uniformity and angular spread of light from the
light fixture. The volumetric diftfuser provides increased spa-
tial luminance uniformity and efficient control over the illu-
minance such that power reductions, reduced cost or reduced
size may be achieved. The spread of illumination of light from
alight emitting source is efficiently controlled by using a thin,
low cost, volumetric diffuser to direct the light in the desired
direction. This allows the reduction in number of light
sources, a reduction in power requirements, or amore tailored
illumination. When the anisotropic diffuser is used in combi-
nation with a waveguide to extract light, the light is efficiently
coupled out of the waveguide in a thin, planar surface. This
transmissive diffuser can be coupled to a reflecting element
such that the resulting combination is a light reflecting ele-
ment with a desired asymmetric light scattering profile that
can be used to create an enhanced light fixture.

Embodiments of the invention utilize volumetric diffusers
with asymmetry of varying degree. Some embodiments of the
invention utilize highly asymmetric volumetric diffusers
wherein the asymmetric diffusion is used to improve the light
distribution or efficiency of the light fixture. Some embodi-
ments utilize volumetric diffusers with little or no asymmetry
in which case high transmission and low backscatter of the






