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1
ENHANCED LCD BACKLIGHT

RELATED APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. 119(e) to copending U.S. Provisional Application
Nos. 60/608,233, filed on Sep. 9, 2004, the entire contents of
which is incorporated herein by reference. Related applica-
tions are Ser. Nos. 11/197,246 and 11/200,592, the entire
contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

The invention generally relates to an enhanced backlight
and method of manufacture and more specifically its use as
an LCD backlight.

BACKGROUND OF THE INVENTION

Conventional LCD backlighting assemblies use a linear
cold cathode fluorescent lamp (CCFL) to inject light into the
edge of a clear light guide. In order to extract light from the
light guides in backlights, diffusing white spots are often
printed on the bottom of the light guide. These spots
reflectively diffuse light out of the light guide. The control
over the angular spread of the reflected light from the dots
is very poor; a significant amount of light is redirected back
toward the lamp or other to areas where the light is absorbed.
The poor control over light also directs light into wide angles
and viewing zones where it is often undesired. The loss of
light results in dimmer displays or lost electrical power.
Minimizing electrical power drain and maximizing bright-
ness are critical in portable and handheld devices such as
laptop computers and mobile phones.

For extended color, longer lifetime, increased optical
efficiency, and cost, LEDs are becoming utilized more in
backlight assemblies instead of CCFLs. Since LEDs are
closer to being a point source, LED light can be controlled
more efficiently than the extended source CCFL. However,
by using the same white spot diffusers noted above in light
guides, the light is scattered in all directions, up to the
critical angle of the light guide air interface. The refracted
angular spread of light out of the light guide can reach angles
approaching 90 degrees from the surface. Additional diffuser
films used to reduce the visibility of the white dots spread
this light further into undesired, i.e., wider, angles. Optical
films such as prismatic films are then necessary, to “rein in”
a portion of this light back toward 0 degrees (the direction
perpendicular to the surface). Thus, between the white dots
spreading light out into larger angles than needed, and then
using collimating films to bring a portion of this light back
toward the normal or desired viewing angles, a significant
amount of light is lost and the process is an inefficient one.

Other backlight configurations have been proposed using
symmetric scattering particles instead of white dots. Scat-
tering light guides have been described as “highly scattering
optical transmission” (HSOT) polymers by Okumura et al
(J. Opt. A: Pure Appl. Opt. 5 (2003) S269-S275). The
authors demonstrated that a backlight based upon a HSOT
polymer has the potential to provide twice the brightness of
a conventional backlight. However, the particles used are
symmetric or spherical in shape. The Okumura teachings do
not account for the asymmetric nature of the input light, or
the need for more light to be diffused vertically, horizontally,
or out from the main face of the light guide. Backlights that
use symmetric diffusers also scatter light into undesired
directions, and have poor optical control over the scattering.
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2
SUMMARY OF THE INVENTION

The present invention provides an improved backlight
assembly with inherently more flexibility for display system
designers and higher optical efficiency. By using one or
more asymmetrically scattering regions in combination with
a light guide, more control over the scattering of light can be
obtained, and the optical efficiency can be increased. Thus,
light guide backlights with a reduced component count and
a more efficient way of controlling angular light scattering in
the X, y, and z directions is provided by the invention.

In one embodiment, a light guide contains substantially
aligned asymmetric particles that preferentially scatter light
along one or more axis. In another embodiment, asymmetric
scattering regions are optically coupled to a substantially
non-scattering light guide and a reflector. One or more of
these scattering regions can contain asymmetric particles
wherein the particle sizes may vary between 2 and 100
microns in the smaller dimension. The light scattering
regions may be substantially orthogonal in their axis of
alignment. The light guides may be manufactured by
embossing, stamping, or compression molding a light guide
in a suitable light guide material containing asymmetric
particles substantially aligned in one direction. The light
scattering light guide or non-scattering light guide may be
used with one or more light sources, collimating films or
symmetric or asymmetric scattering films to produce an
efficient backlight that can be combined with a liquid crystal
display or other transmissive display.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional side view of a
traditional liquid crystal display backlight;

FIG. 2 is a schematic cross-sectional side view of one
embodiment of an enhanced LCD backlight of the invention
utilizing CCFL light sources with asymmetric particles
contained within the light guide;

FIG. 3 is a perspective view of the embodiment of FIG.
2;

FIG. 4 is a perspective view of one embodiment of an
enhanced LCD backlight of the invention utilizing LEDs
with asymmetric particles contained within the light guide;

FIG. 5 is a perspective view of one embodiment of an
enhanced LCD backlight of the invention utilizing LEDs
with asymmetric particles of varying densities contained
within the light guide;

FIG. 6 is an example of a side emitting LED from
LUMILEDS Inc.;

FIG. 7 is a perspective view of an LCD backlight utilizing
side-emitting LEDs (Prior Art);

FIG. 8 is a perspective view of one embodiment of an
enhanced LCD backlight of the invention utilizing side-
emitting LEDs with asymmetric particles contained in a
region optically coupled to the light guide;

FIG. 9 is a perspective view of one embodiment of an
enhanced LLCD backlight of the invention utilizing two
CCFLs with asymmetric particles contained in a region
optically coupled to the light guide;

FIG. 10 is a perspective view of one embodiment of an
enhanced LLCD backlight of the invention utilizing two
CCFLs with asymmetric particles of varying densities con-
tained in a region optically coupled to the light guide;

FIG. 11 is a perspective view of one embodiment of an
enhanced LLCD backlight of the invention utilizing two
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CCFLs with two regions containing asymmetric particles
aligned with their axis crossed and optically coupled to the
bottom of the light guide;

FIG. 12 is a perspective view of one embodiment of an
enhanced LLCD backlight of the invention utilizing two
CCFLs with two regions containing asymmetric particles
aligned with their axis crossed and optically coupled to the
top of the light guide;

FIG. 13 is a perspective view of one embodiment of an
enhanced LLCD backlight of the invention utilizing two
CCFLs with two regions containing asymmetric particles
aligned with their axis crossed and optically coupled to the
top and bottom of the light guide;

FIG. 14 is a perspective view of one embodiment of an
enhanced L.CD backlight of the invention with asymmetric
particles contained within the tapered light guide and two
CCFL light sources;

FIG. 15 is a perspective view of one embodiment of an
enhanced LLCD backlight of the invention utilizing two
CCFLs with a light guide region composed of two regions
containing asymmetric particles aligned with their axis
crossed;

FIG. 16 is a perspective view of one embodiment of an
enhanced LCD of the invention using the enhanced back-
light of FIG. 9;

FIG. 17 is a perspective view of one embodiment of an
enhanced LCD of the invention using the enhanced back-
light of FIG. 9 and two crossed collimating films;

FIG. 18 is a perspective view of one embodiment of an
enhanced LCD of the invention using the enhanced back-
light of FIG. 9 and two crossed collimating films and an
additional diffuser;

FIG. 19 is a perspective view of one embodiment of an
enhanced LCD of the invention using the enhanced back-
light of FIG. 9, two crossed collimating films and a reflective
polarizer;

FIG. 20 is a perspective view of one embodiment of an
enhanced LCD of the invention using the enhanced back-
light of FIG. 9, two crossed collimating films with one of the
collimating films containing asymmetric particles;

FIG. 21 is a perspective view of one embodiment of an
enhanced L.CD of the invention using an enhanced backlight
with a high refractive index light guide and a low refractive
index coating with crossed collimating films;

FIG. 22 is a perspective view of one embodiment of an
enhanced backlight of the invention with a light guide
positioned above cold cathode fluorescent lamps with vary-
ing concentration of dispersed phase particles;

FIG. 23 is a perspective view of one embodiment of a
light guide used in the enhanced backlight of FIG. 9;

FIG. 24 is a perspective view of one embodiment of a
light guide of the invention used with non-spherical particles
in between the input and output surfaces of the light guide;
and

FIG. 25 is a perspective view of one embodiment of a
light guide used in the enhanced backlight of FIG. 22.

DETAILED DESCRIPTION OF THE
INVENTION

The features and other details of the invention will now be
more particularly described. It will be understood that par-
ticular embodiments described herein are shown by way of
illustration and not as limitations of the invention. The
principal features of this invention can be employed in
various embodiments without departing from the scope of
the invention.
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4
Definitions

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

“Speckle” includes scintillation or the optical interference
pattern visible on a diffusing element.

“Speckle Contrast” is defined herein as the ratio of the
standard deviation of the intensity fluctuation to the mean
intensity over the area of interest.

“Diffuse” and “diffusing” as defined herein includes light
scattering by reflection, refraction or diffraction from par-
ticles, surfaces, or layers or regions.

“Dispersed phase,” “particles,” and “micro-bodies” as
used herein refer to regions of material that are distinct from
the surrounding material. They are confined regions having
distinct boundaries of different optical or physical charac-
teristics without regard to specific shapes and sizes. The
particle will typically scatter light if the optical properties
such as refractive index is different from that of its sur-
rounding material in at least one of the x, y, or z directions.
The optical properties of the particle as described herein
may be considered as independent of how it was made. For
example, a dispersed phase may refer to the lower concen-
tration of two immiscible blends that were extruded, or it
may refer to glass fibers that were added to a material before
extrusion to form dispersed phases (glass fibers) in a con-
tinuous phase matrix. Examples of micro-bodies include
particles, particulates, dispersed phases, phases within a
matrix of material, gaseous bubbles within a material, voids,
spheres, microspheres, hollow microspheres, fibers, etc.

2 <

“Polarizer” as defined herein include absorbing or reflect-
ing polarizers. These include dye and iodine based polarizers
and reflective polarizers such as DBEF films from 3M.
Linear or circular polarizers are also included. As used in
these embodiments, it is commonly known that polarizers
may be combined with waveplates or birefringent films in
order to increase light recycling efficiency. For example, a
quarter-wave film may be combined with a reflective polar-
izer to rotate the polarization state of the light such that more
may pass through the polarizer.

“Optically coupled” is defined herein as a condition
wherein two regions or layers are coupled such that the
intensity of light passing from one region to the other is not
substantial reduced by Fresnel interfacial reflection losses
due to differences in refractive indices between the regions.
“Optically coupling” methods include methods of coupling
wherein the two regions coupled together have similar
refractive indices or using an optical adhesive with a refrac-
tive index substantially near or in between the regions or
layers. Examples of “Optically coupling” include lamination
using an index-matched optical adhesive, coating 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. Thermal transfer
is another method that can be used to optically couple two
regions of material.

“Prismatic” or “Prismatic sheet” or “Prismatic structure”
is defined herein as a surface relief structure that refracts
light toward a desired direction. This refraction can provide
collimating properties to light passing through the film. The
structure can include arrays of elongated prism structures,
micro-lens structures, and other surface relief structures
known in the art.

“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






