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LIGHT REDIRECTING ELEMENT
COMPRISING A FORWARD DIFFRACTING
REGION AND A SCATTERING REGION

light sources; hoWever, greater system ef?ciency is desired in
order to improve the system luminance and color uniformity
as Well as luminance uniformity While also achieving
increased luminance.

Additionally, the light from backlight components such as

RELATED APPLICATIONS

light guides is often directed at an angle far from the normal

angle. It is commonly preferred to redirect light from back
light components toWard the backlight or display normal,
Which is the preferred vieWing angle. Numerous optical ?lms

This application claims the bene?t of priority under 35
U.S.C. ll9(e) to US. Provisional Application No. 60/985,
649, ?led on Nov. 6, 2007, the entire contents of Which is

such as beaded diffusers, volumetric diffusers, collimation
?lms, reverse prism ?lms attempt to direct light toWard the
display normal With varying e?iciencies and trade-offs, par
ticularly the need for multiple ?lm components to achieve the

incorporated herein by reference.
FIELD OF THE INVENTION

redirection and spread of light spatially to provide uniformity.

The invention generally relates to optical elements, meth

Existing ?lms and components are either inef?cient, expen
sive to produce, or un-optimiZed With regards to providing

ods of manufacturing optical elements and light emitting
devices comprising optical elements.

suf?cient uniformity and light re-direction for large displays.
The use of multiple ?lms Within an LCD backlight

BACKGROUND

Conventional liquid-crystal-display (LCD) backlights for

increases the production costs, increases the likelihood of
dust and blemishes, and increases the part count and thick
20

ness. There is a need for feWer components for backlights that

large displays have conventionally employed multiple lamps

have light redirecting or collimation properties, suf?cient

to provide suf?cient brightness over a large area. Typically,

diffusion for light homogenization and light recycling prop

these spatially non-uniform, directly illuminated backlights

erties combined together in order to help alleviate these prob

are used for television and large display applications and
contain linear arrays of ?uorescent lamps With re?ectors. In
order to provide a uniform intensity pro?le from the surface

25

lights, increased color uniformity is important.

metric diffuser plates or ?lms are used to “spread-out” or

diffuse the light from the linear array of ?uorescent lights so
30

uniformities in the backlight luminance.
With the emergence of light-emitting diodes (LED’s) as

The use of prismatic surface structures Wherein the fea
tures are greater than 10 times the Wavelength of light of
interest (typically greater than about 5 pm for visible light
devices) on optical ?lms can often lead to problems of Moire

interference With the pixel pitch of a spatial light modulator

neW light sources for backlights, the LED’s are often

such as an liquid crystal display in one or more directions.

employed in linear or grid arrays and may include separate
red, green and blue LED packages or all three Within the same

increased spatial luminance uniformity and increased lumi
nance in a particular direction. In neWer LED-based back

of the backlight before passing through the LCD panel, volu
as to eliminate the visibility of linear “hot spots” or non

lems and that can be manufactured in a loW-cost simple
method. There is a need for a component for a backlight With

35

package. Backlights employing LED’s not only have to

Also, a large range of input angles to the ?lms can introduce
spurious re?ections that cause light to deviate signi?cantly
from the intended direction.

improve the luminance uniformity using ?lms, plates, and
housings, but they also need to improve the color uniformity.
This is often accomplished by simply increasing the amount
of diffusion and not taking into account the loss in e?iciency

SUMMARY
40

resulting by using diffusers With symmetric forWard scatter

Ward diffracting region With predetermined chromatic disper

ing pro?les.

sion properties in combination With a light scattering region
With predetermined light scattering properties in order to

For many display applications, such as for some televi

sions, the vieWing angle in the vertical direction is reduced
such that the brightness in the forWard direction is increased.
This light is typically directed from higher vertical angles
closer to the normal to the display using collimating ?lms,
such as prismatic brightness enhancement ?lms. Additional

45

tiple interfacial re?ections; and the manufacturing and

50

nance uniformity of backlights With spatially non-uniform

length dispersion. In one embodiment, the light scattering
region is a volumetric anisotropic light scattering region. In a
further embodiment, a light emitting device, display or light
?xture comprises the ILRE.
In one embodiment of this invention, a light emitting
device comprises an ILRE and has improved spectral and
luminance output properties. In a further embodiment, an

55

electroluminescent display comprises a backlight Which
comprises at least one light source and the improved light
redirecting element. In another embodiment, the ILRE fur
ther comprises an anisotropic light scattering region and a

blaZed diffraction grating. In further embodiments, light
60

assembly costs are higher. A more-e?icient optical system for
reducing the non-uniformities is needed to reduce the number
of lamps (to provide a loWercost system) or to reduce the
brightness of the lamps (Wherein longer-lifetime or loWer
cost lamps could be used) in a system With a reduced cost.
It is knoWn that anisotropic diffusers can improve the lumi

of this invention include an ILRE in an optical system to

angular color and luminance uniformity and reduced Wave

ever, the systems described in these patents are not optimiZed

to take into account the spatial non-uniformity of the light
sources and the requirements needed to achieve spatial lumi
nance uniformity, spatial color uniformity, as Well increased
head-on luminance in compact, thin, e?icient systems. Using
multiple ?lms to attempt to achieve properties, such as spatial
luminance uniformity, is optically inef?cient due to the mul

correct angular chromatic dispersion. Further embodiments

reduce moire, ef?ciently re-direct light, improve spatial and

?lms are often used such as re?ective polariZers, such as dual

brightness enhancement ?lm (DBEF) from 3M (St. Paul,
Minn., US). The patent literature refers to scattering re?ective
polariZers (US. Pat. Nos. 5,825,543 and 5,751,388); hoW

Embodiments of this invention include an Improved Light
Re-directing Element (ILRE) comprising a forWard or back

emitting devices including light ?xtures, backlights and dis
plays comprising the ILRE have improved optical properties
such as loW angular color shift.
BRIEF DESCRIPTION OF THE DRAWINGS

65

In the accompanying draWings, like reference characters
refer to the same or similar parts throughout the different

US 8,6l9,363 B1
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vieWs. The drawings are not necessarily to scale, emphasis

DETAILED DESCRIPTION

instead being placed upon illustrating particular principles,
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 illus
trations are not draWn to scale in order to illustrate particular

discussed below.
FIG. 1 is a perspective vieW of one embodiment of this
invention of an ILRE Wherein light is incident on a light

scattering region Which is optically coupled to a light diffract

ing region.

features and properties. The principal features of this inven
tion can be employed in various embodiments Without depart
ing from the scope of the invention. All parts and percentages

FIG. 2 is a perspective vieW of one embodiment of this
invention of an ILRE Wherein light is incident on a light

diffracting region Which is optically coupled to a light scat

are by Weight unless otherWise speci?ed.

tering region.

De?nitions
For convenience, certain terms used in the speci?cation
and examples are collected here.

FIG. 3 is a perspective vieW of one embodiment of this

invention of a light emitting device comprising an ILRE.
FIG. 4 is a cross-sectional enlarged vieW of one embodi
ment of this invention of an ILRE comprising a light diffract

“Diffuse” and “diffusing,” as de?ned herein, include light
scattering or diffusion by re?ection, refraction or diffraction
from domains, surfaces, or layers or regions.
“Diffuser region” and “Diffuser Film” and “Diffuser” and
“light-scattering region” are referred to herein as optical

ing region and light scattering region Where light is incident
on the light diffracting region.
FIG. 5 is a cross-sectional enlarged vieW of one embodi
ment of this invention of an ILRE comprising a light diffract

20

ing region and light scattering region Where light is incident
on the light scattering region.
FIG. 6 is a perspective vieW of one embodiment of this

invention of an edge-lit light emitting device comprising an
ILRE.
FIG. 7 is a perspective vieW of one embodiment of this
invention of a display comprising an ILRE.
FIG. 8 is a cross-sectional vieW of one embodiment of this

25

change in angle of a light ray may be due to refraction,
re?ection, diffusion, diffraction, re-emission or other proper
ties knoWn to change the direction of incident light.
“PolariZer,” as de?ned herein, includes absorbing or

re?ecting polariZers. These include dye and iodine based
polariZers and re?ective polariZers such as DBEF from 3M.
Linear or circular polariZers are also included. Re?ective
polariZers can be based on multi-layer stacks of materials of

invention of an ILRE comprising a light diffracting region

With three predetermined grating pitches.

regions or elements such as ?lms or plates that provide a
scattering or diffusion property to one or more light rays. The

30

differing refractive index along one or more axes.

FIG. 9 is a cross-sectional vieW of one embodiment of this

"PolariZation-sensitive,” “polariZation-dependent,” and

invention of an ILRE comprising a light diffracting region
With a smoothly varying pro?le and a light scattering region.

“polarization selective” as referred to herein refer to materi
als, effects, or properties that may vary depending on the

FIG. 10 is a cross-sectional vieW of one embodiment of this

invention of an ILRE comprising a light diffracting region
With a rectangular pro?le and a light scattering region.

35

FIG. 11 is a cross-sectional vieW of one embodiment of this

invention of an ILRE comprising a light diffracting region
With a rectangular pro?le With a second refractive index layer

and a light scattering region.

40

FIG. 12 is a cross-sectional vieW of one embodiment of this

polariZation state of the incident electromagnetic radiation.
“PolariZation-insensitive” and "non-polariZation-dependent”
and “polarization independent” refer to herein to materials,
effects, or properties that are substantially independent of the
polariZation state of the incident electromagnetic radiation.
“Optically coupled” is de?ned herein as a condition
Wherein tWo regions or layers are coupled such that the inten
sity of light passing from one region to the other is not sub

invention of an ILRE comprising a backWard diffracting

stantially reduced by Fresnel interfacial re?ection losses due

region With a smoothly varying pro?le, a light re?ecting
region, and a light scattering region.

to differences in refractive indices betWeen the regions.

FIG. 13 is a perspective vieW of one embodiment of this

45

invention of a light emitting device comprising an ILRE

“Optically coupling” methods include methods of coupling
Wherein the tWo regions coupled together have similar refrac
tive indices or using an optical adhesive With a refractive
index substantially near or in-betWeen the regions or layers.

comprising a spatial arrangement of light diffracting regions
With different pitches and light sources With different color

Examples of “optically coupling” include lamination using

outputs.

an index-matched optical adhesive, coating a region or layer
onto another region or layer, or hot lamination using applied

FIG. 14 is a cross-sectional vieW of one embodiment of this

50

invention of a light emitting device comprising an ILRE and

pressure to join tWo or more layers or regions that have

a prismatic light redirecting ?lm.

substantially close refractive indices. Thermal transferring is
another method that can be used to optically couple tWo

FIG. 15 is a cross-sectional vieW of one embodiment of this

invention of an ILRE comprising a polariZation sensitive light

diffracting region and a light scattering region.

55

FIG. 16 is a cross-sectional vieW of one embodiment of this

invention of an ILRE comprising a light diffracting region
and a tWo light scattering region.

co-extruded together such that they are bonded or cured in
contact With each other. In these instances, the layers or
regions are referred to as being optically coupled.

FIG. 17 is a cross-sectional vieW of one embodiment of this

invention of a light ?xture comprising an ILRE.

regions of material. In manufacturing, tWo components may
be combined during the forming process, such as extrusion,
coating, casting or molding. For example, tWo layers may be

FIG. 18 is a cross-sectional vieW of one embodiment of this

“Prismatic” or “Prismatic sheet” or “Prismatic structure” is
de?ned herein as a surface relief structure With a cross-section

invention of a direct-lit light emitting device comprising an

extending from the plane that has tWo sides intersecting at an

60

apex angle. Slight deviations from this pro?le such as slightly

ILRE.
FIG. 19 is a perspective vieW of one embodiment of this

invention of a light emitting device comprising an ILRE

Wherein the light scattering region is a region comprising

phosphors.

65

rounded intersections of the sides and arcuate or non-smooth
surfaces are included herein as “prismatic” structures. These
features can be de?ned by a cross-sectional pro?le, surface
roughness, or by other surface characteriZation means. Pris

US 8,619,363 B1
5
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matic features typically have triangular shapes When vieWed

descriptions can be found in such references as IPNs Around

in a cross-section of one or more planes.

the World-Science and Engineering, by Kim and Sperling
Eds, Wiley Science, 1997 Chapter 1.

“Collimating region,” “Collimating Film” and “Collimat

Embodiments of this invention include optical elements

ing structures” are de?ned here as ?lms or structures Wherein
more of the light rays exiting the ?lm or structures are
directed toward the surface normal of the component, ?lm or
substrate plane in the case of structures on a substrate. Colli

such as improved light redirecting elements comprising light

diffracting regions and light scattering regions. Further
embodiments include light emitting devices such as back

lights, displays and light ?xtures comprising an improved
light redirecting element. In one embodiment, the angular
diffusion of the light scattering region corrects the angular
chromatic dispersion of the light diffracting region such that

mation properties can be achieved by refractive structures,

such as prisms, cones, microlenses, pyramids, hemispherical
structures or linear, circular, random, regular, semi-random,
or planar arrays of the aforementioned structures.

Used herein, “particles” and “domains” refer to individual

the total output angular color shift is less than 0.01 over an

regions of one or more materials that are distinctly different

angular range. In further embodiments, the ratio of the angu

than their surroundings. They include organic particles, inor

lar diffusion of the light scattering region to the angular
chromatic dispersion of the light diffractive region is greater

ganic particles, dispersed domains, and dispersed particles.
They are not limited in shape and may be ?brous, spherical,

than 0.5 in one or more planes. The light diffracting region
may be forWard diffracting (transmissive) or backWard dif
fracting (re?ective) or a combination thereof.
In some embodiments of this invention, a signi?cant por

ellipsoidal, or plate-like in shape.
“Diffraction grating” used herein refers to a repetitive array
of diffractive structures that produces a periodic alteration in
the phase, amplitude or both of emerging Waves. These
include interfacial structures Wherein the refractive index
difference betWeen the tWo mediums de?ning the interface is

20

ments of this invention, the light is incident on the light

diffracting region before reaching the light scattering region.

suf?ciently large (typically the refractive index (delta n) is
greater than 0.001) and the physically de?ning structure of
the interface is su?icient to diffract light. The grating may
comprise linear, regular or irregular, ordered, or random ele

tion of light is incident on the light scattering region before

reaching the light diffracting region. In additional embodi
FIG. 1 illustrates one embodiment of this invention
25

Wherein an improved light re-directing optical element 101

comprises a volumetric anisotropic light scattering region

ments and these elements may be combined into groups com

103 disposed to receive incident light 104 from a ?rst angle 0 1

prising similar elements. The grating may have features such
as planes, lines, curves, facets, ridges, cross-sections, etc. that

and increase the angular input pro?le of the light directed into
the light diffracting region 102 optically coupled to the volu

are substantially parallel along one or more axes.

30

directed by the asymmetric diffraction grating 102 into the

the geometry of the micro-features has been altered to adjust
the energy ?oW distribution. The shape may be changed from
a symmetric pro?le to one With an asymmetric pro?le in order
to increase the ef?ciency of diffraction in a ?rst diffractive

metric anisotropic light scattering region 103 to provide
increased angular de-saturation of the output light 105 re

“BlaZed gratings” are a type of diffraction grating Wherein

angular range 105.
35

FIG. 2 illustrates another embodiment of this invention,
Wherein an improved ILRE 201 comprises a volumetric

order. In transmission blaZed gratings, the asymmetric pro?le

anisotropic light scattering region 203 disposed in the light

can direct more of the diffracted light at a speci?c Wavelength
into a +1 forWard diffracted order. Similarly, in re?ective
blaZed gratings, the asymmetric pro?le can direct more of the
diffracted light at a speci?c Wavelength into a +1 backWard
diffracted order.

path folloWing an asymmetric blaZed diffraction grating
region 202. The asymmetric blaZed diffraction grating region
40

angle toWard the volumetric anisotropic light scattering
region 203 (Which is optically coupled to the asymmetric
blaZed diffraction grating region 202) Which reduces the

As used herein, the angles When described from the “nor
mal” of a surface, refer to the normal direction to the extended

large area (typically planar) surface and not to the normal of
microscale or nanoscale surface variations or surface relief 45

patterns in the surface pro?le Which may vary across small
dimensions.
The term “polymer” Will be understood to include poly
mers, copolymers (e.g. polymers using tWo or more different
monomers), oligomers and combinations thereof, as Well as
polymers, oligomers, or copolymers that are useful to form

diffraction ef?ciencies based on the principles of diffraction.
50

a speci?c range, the light diffracted by the grating into a ?rst
55

moplastic (crystalline phases), mechanically cross-linked
60

ent angles in that plane. A symmetrically scattering region
disposed to receive light from the grating Will re-spread the
light angularly in the ?rst plane and a second plane orthogonal

65

to the ?rst. In some embodiments, the spreading of the light in
both orthogonal planes is undesirable and reduces the inten
sity of the light in the desired direction (such as normal to the
element or display if it is used in backlight for a display). The
reduction in intensity is due to the increased scattering in the

phases have chemical crosslinking betWeen the polymer
phases. The term semi-IPN, refers speci?cally to a blended

polymer netWork Where only one component of the polymer
special case Where both polymer netWorks can react in such a
manner to form a co-crosslinked polymer blend. Speci?c

plane can be visibly chromatically dispersed such that differ
ent Wavelengths (or colors, or deviations from White for
example) can be seen When vieWing the element from differ

mer or monomer mixture. The polymers can form a variety of

mixture is covalently crosslinked to itself. The term
co-crosslinked IPN, or co-crosslinked semi-IPN, refers to the

The angular, Wavelength and ef?ciency properties can be
modeled by the grating equation or similar diffraction mod
eling including rigorous coupled Wave theory. In conditions
Where the range of incident angles is small or restricted over

molecular phases consisting of co-crosslinked phases, ther
phases, eg by means of chain entanglement or
co-crosslinked netWorks in Which the tWo different polymer

reduces the angular color shift in the angular range 205.
In this embodiment, incident light over a predetermined

angular range is diffracted by the asymmetric blaZed grating.
The light is chromatically dispersed due to light of varying
Wavelengths diffracting into different angles With different

the interpenetrating polymer netWork (“IPN”) or semi-inter
penetrating polymer netWork (“semi-IPN”). The term IPN
refers to a broad class of polymer blends in Which one poly
mer is mixed or polymerized in the presence of another poly

202 is disposed to receive incident light 204 and diffract the
light toWard a second peak angle different from the incident

second plane. By combining the asymmetric blaZed diffrac
tion grating With a volumetric anisotropic light scattering

US 8,619,363 B1
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region in Which the primary plane of diffraction is parallel to
the major plane of anisotropic scattering, a contribution from
each of the dispersed Wavelengths is spread into a larger range
of angles through the scattering, thus achieving a more uni

one of the planes from the group comprising the output plane

of the display, the output plane of the backlight, output plane
of the light guide.

plane of diffraction. This can result in an improved light

In a further embodiment of this invention, the ILRE is
disposed betWeen a light source and a light guide. In this
embodiment, the light from a light source is redirected into

re-directing optical element With reduced angular color dis
persion and increased color and luminance uniformity.

into the light guide. In one embodiment, light With a Wave

form color over a range of angles Within the ?rst or primary

angles such that a signi?cant amount of the light is coupled
length of 532 nm incident normal to one surface of the ILRE

Similarly, a further embodiment of this invention is an

is redirected to an angle greater than 42 degrees from the

improved light redirecting element comprising an anisotropic
light scattering region disposed to receive light and anisotro

normal of the output plane of the light guide. In this con?gu
ration, the ILRE can function as an input coupler With

pically scatter the incoming light more in a ?rst plane than a
second plane. The element further comprises a blaZed diffrac

improved e?iciency and spectral properties. This con?gura
tion can alloW light sources such as light emitting diodes to be

tion grating With asymmetric faces extending in a direction

located beneath a light guide Which alloWs for better spread
ing of thermal heat from the sources (as opposed to LED’s
along the edge) due to the ability to increase the separation
betWeen LED’s. Additionally, the light diffracting region can

perpendicular to the major scattering plane of the anisotropic
light scattering region disposed to receive light from the
anisotropic light scattering region. In this embodiment, inci
dent light Which is restricted in angular range along at least
one axis (such as light con?ned Within an optical light guide)
Will scatter anisotropically, thus increasing the angular extent
of the light Which is then incident on the diffraction grating.
As a result the angular extent of the light (the angular light

20

transfers a signi?cant amount of the light ?ux laterally before
it reaches a surface of the lightguide region, thus alloWing for
a thinner light scattering region, such as a diffusion plate, that
contributes to the color and luminance uniformity.

distribution) reaching the blaZed diffraction grating Will be
increased and each angular component Will average With the
other angular components in a speci?c region. Light at one
Wavelength, 5 50 nm for example, Will have a larger diffractive

25

region can be disposed along one or more of the surfaces of a

light guide or layer or region of a backlight. In one embodi
ment, an array of ILRE’s are disposed such that the light is

is increased. Similar angular broadening Will occur With other
30

shape, pitch, diffraction e?iciency, or other optical or physi
cal property or orientation along one or more axes.
35

FIG. 3 illustrates an example of a light emitting device 309
of one embodiment of this invention comprising an ILRE 312

redirecting element (ILRE) of this invention is disposed on a

light guide. In this con?guration, the angular range and Wave
lengths of the light incident on the light redirecting element
are determined by the incident light output from the light

coupled into or out of a light guide in the regions correspond

ing to Where the ILRE is optically coupled to (or part thereof)
the light guide. The array may be spatially varying in size,

sion or angular color shift such that the color variation With

angle is reduced.
Location of the Improved Light Redirecting Element
In one embodiment of this invention, the improved light

An array of ILRE’s or an array of blaZed diffraction ele

ments in combination With an anisotropic light scattering

angular output in one given region because the angular input
Wavelengths such that the overlapping diffraction pro?les
Will produce angular light output With a reduced color disper

increase the lateral spread by using predetermined diffraction
grating features that direct light into higher angles Which

With a volumetric anisotropic light scattering region 304 and
a light diffracting region 301 optically coupled to a light guide
300 in distinct, spatially varying regions 302 such that the
40

incident light 303 from an array of LED’ s 310 is re-directed in

the regions 302 Where the grating is coupled to the light guide

source (such as a CCFL bulb or one or more LED’s) and the

refractive indexes of the Waveguide de?ning the total internal

and passes onto the light diffracting region 301 and a volu

re?ections at the surfaces of the light guide. In one embodi

metric anisotropic light scattering region 304. In this embodi
ment, the surface relief portion of the grating is facing the

ment, the ILRE is located on at least one of the top, bottom, or

sides of the light guide.

45

comprises the ILRE such that the light diffracting region is
disposed betWeen the outer tWo larger surfaces of a planar (or
substantially planar) or Wedge-shaped light guide. In a further

embodiment, the anisotropic light scattering region is dis

light guide and the adhesive 305 functions to bond the ILRE

312 to the light guide 300 at spatially varying regions 302 and
optically couple incident light 303 into the ILRE 312 in a
spatial pattern. The adhesive 305 can be applied spatially
using a screenprinting technique such that Where the light

In a further embodiment of this invention, a light guide

50

diffracting region 301 is in contact With the adhesive 305 and

posed in-betWeen the outer tWo larger surfaces of a planar (or

lightguide 300, incident light 303 optically couples into the

substantially planar or Wedge-shaped) light guide. In another
embodiment of this invention, the light diffracting region of

light diffracting region 301 and is diffracted to light 306 With
second angular direction different than the incident angle

toWard the volumetric anisotropic light scattering region 304

the ILRE is disposed on one or more surfaces of the lightguide

and is optically coupled to the light scattering region. In one

55

diffraction region. In another embodiment, the light scatter

ing region is optically coupled to the light diffracting region
by both regions being optically coupled to an intermediate

light transmissive lightguide region.

re?ects and does not directly reach the grating. In a further
60

In one embodiment of this invention, a display comprises a

backlight comprising an ILRE and a spatial light modulator
(such as a liquid crystal panel). In a further embodiment of
this invention, a display comprises an ILRE disposed betWeen
a lightguide and a spatial light modulator. In this embodi
ment, the light from a light guide is redirected to a substan
tially smaller angle as measured from the normal of at least

to exit through an angular range 311 With a loW angular color

shift. In the regions 307 Where the light diffracting region 301
is not optically coupled to the light guide, the incident light
308 at an angle larger than the critical angle totally internal

embodiment, the light scattering region is adjacent to the light

embodiment of this invention, the light scattering region of an
ILRE is optically coupled in a spatially varying pattern of a

light transmitting material.
In a further embodiment of this invention, an ILRE is
65

disposed along the input surface of a light guide such that a
signi?cant amount of the light from the light source that
Would not directly reach the upper or loWer surfaces (i .e. light
that Would travel to one of the side surfaces) is redirected

US 8,6l9,363 B1
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toward at least one of the upper (light emitting) surface or
lower surfaces. In a further embodiment, an ILRE comprising

Improved Light Redirecting Element Con?guration

a diffraction grating With a symmetric pro?le is disposed

metric anisotropic light-scattering region and a diffraction

along an input edge or light guide input surface such that light

grating. In a further embodiment, the diffraction grating is a
blaZed diffraction grating. The blaZed grating may be a trans
missive or re?ective grating. The diffraction grating is located

In one embodiment, the ILRE comprises at least one volu

is directed to the upper or loWer surfaces more ef?ciently

resulting in more light extracted from the light guide than
Would otherWise due to the light being coupled out directly

in a ?rst region and the anisotropic light scattering dispersed
domains are located in a second region. In one embodiment,

Without the need for the light to travel to various edges Where
it Would be re?ected With a loss due to the imperfect re?ection

the diffraction grating is disposed on the anisotropic light
scattering region or a material comprising the anisotropic
light scattering domains. In further embodiments, the regions

properties of re?ective ?lms (diffuse or specular re?ecting

?lms).

are located on both or either surface of a non- scattering region

In one embodiment of this invention, the ILRE is a free

or substrate. Three anisotropic scattering layers may also be

standing optical ?lm that can be used in an optical system to
re-direct light in a predetermined region and at least one of

used and they may be separated by substantially non-diffus
ing regions; the axes of the scattering layers may be parallel,

modifying the angular spread of output light of a predeter

orthogonal or at an angle phi With respect to each other. The
ILRE may include additional layers or elements to provide

mined Wavelength range and modifying the spread of Wave
lengths at a predetermined angular output.

collimating properties or other optical, thermal, mechanical,

In a further embodiment of this invention, a backlight With

reduced angular or spatial color dispersion comprises at least

electrical, and environmental properties discussed herein.
20

One or more regions of the ILRE may be optically coupled to

one light source designed to directly illuminate light scatter

a substrate or other component of the ILRE. In one embodi

ing or redirecting components (as opposed to edge-illuminat

ment of this invention, the different regions, layers or mate
rials of the ILRE are substantially free-standing components
and not physically nor optically coupled to each other. In
another embodiment of this invention, the different regions,
layers or materials of the ILRE are physically optically
coupled to each other in spatially varying regions. In a further
embodiment of this invention, the ILRE comprises a light

ing or indirect illumination) and an ILRE disposed to receive
light from a light source and redirect and reduce the angular
color shift in one or more regions. In one embodiment of this 25

invention, a backlight With reduced color dispersion com
prises an ILRE disposed betWeen an array of light emitting
diodes directed toWards a light emitting surface. In a separate

diffracting region Where the light diffracting features are

embodiment, a backlight With improved color dispersion
comprises an array of linear ?uorescent lamps and an ILRE

30

perpendicular to the array. In a further embodiment, a back

light With reduced spatial or angular color dispersion com
prises at least one ILRE and at least one light source disposed
to directly illuminate the light emitting area and at least one

35

light source disposed to indirectly illuminate the light emit
ting area.
The ILRE may be located in a backlight betWeen the light
emitting sources and the display. In one embodiment, the
ILRE is located betWeen a linear array of light sources and a

40

liquid crystal cell. In another embodiment, the ILRE is dis
posed betWeen a light source and a light output surface of a

light emitting device. In a further embodiment of this inven

tion, the ILRE is optically coupled to polariZer and the result
ing component is optically coupled to an LCD panel.

coated With a material With a predetermined refractive index

such that the grating region backWardly diffracts a portion of
incident light of a ?rst angle and ?rst Wavelength. In one
embodiment, the coating is a metalliZation coating. In a fur
ther embodiment, the coating is a substantially high refractive

disposed to diffract and anisotropically scatter light in a plane

index coating.
Orientation of Improved Light Redirecting Element
In one embodiment of this invention, the ILRE is oriented
to provide increased uniformity in a backlight or device
capable of providing illumination such as a light ?xture. In
one embodiment of this invention, the ILRE is oriented such
that one or more of the diffracting and anisotropic light scat
tering planes are orthogonal to plane comprising at least one
light emitting source. In a further embodiment, the ILRE is
oriented such that one or more of the diffracting and aniso

45

Improve Light Redirecting Element SiZe
The dimensions of the ILRE or an included region may

tropic light scattering planes are parallel to an axis of spatial
non-uniformity Within a plane comprising at least one light

extend to be substantially located betWeen the light paths

source. The ILRE may be oriented in a display or correspond
ing backlight such that one or more of the diffracting and

from the light sources to the display. In case of small displays,

anisotropic light scattering planes are oriented at 0°, 90°, 45°

the ILRE may have a dimension in one direction of 1 cm or 50 or at an angle to the an edge of display. In a further embodi

less, such as the case of a Watch display. In larger displays, a
dimension of the ILRE Will, in general, be at least as large as
one dimension of the ?nal vieWing screen. The thickness of

ment, the ILRE is oriented at an angle to the light emitting
surface.

the ILRE or a region of it may be from 7 mm to less than 100
microns. In a particular embodiment, an ILRE includes a

ment

Optical Properties of the Improved Light Redirecting Ele
55

volumetric anisotropic scattering region that is 200 microns
in thickness optically coupled to a substrate that is approxi
mately 1 mm in thickness and comprising a diffraction grat
ing on at least one surface. The capability of using a thin

anisotropic scattering region to achieve suf?cient diffusion

60

In this section, the optical properties refer to the ILRE and
can also refer to a light emitting device, backlight, display or
light ?xture comprising the ILRE Wherein the light source
and arrangement is one selected from the group consisting of

?uorescent lamp, CCFL, Flat ?uorescent lamp, external elec
trode ?uorescent lamp, hot-cathode ?uorescent, light emit

for luminance uniformity alloWs for loWer cost substrates to
be used. Since the substrate can be substantially optically
clear, loW cost substrates may be used and they may have

ting diode, organic light emitting diode, photonic bandgap

reduced Weight, making lighter displays. The thin, asym
metrically diffusing layer also permits the capability of using

and direct-lit backlight.

a thinner substrate and therefore achieving a thinner backlight

system.

LED, polariZed LED, laser diode, broadband laser diode,

edge-lit backlight, direct-lit backlight, combination edge-lit
65

An example of the optical properties of an ILRE of one
embodiment of this invention is illustrated in FIG. 4. Light
401 of comprising more than one Wavelengths of light inci
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dent on the light diffracting element 402 in the light diffract
ing region 407 of the ILRE 400 at a ?rst angle 01 from the
normal of the element is separated angularly into tWo differ
ent light paths 405 and 406 corresponding to tWo different

mity of a light emitting device. The angular and spatial lumi
nance uniformity can be measured using a Minolta CS-100
spot-meter to measure the backlight or output from an ILRE
at different angles or locations, respectively. In one embodi

Wavelengths K1 and k2 With a separation angle of 02. After the
light diffracting region 407, the separated light is incident on

ment of this invention, the spatial luminance uniformity mea
sured according to the 9 point measurement standard VESA

the light scattering region 404 comprising dispersed domains

306-1 (using uniformity:1-non-unformity) is greater than

403 and is scattering into second angles 03 and 04 from the
normal determined by the peak intensities of the individual

70%. In a further embodiment, the luminance uniformity is
greater than one selected from the group consisting of 80%,

Wavelengths that are closer together than the Width of the

85%, 90%, and 95%.
In one embodiment of this invention, the 4 point vieWing
angular luminance uniformity measured according to VESA

separation angle 02 such that 03+04<<02.
An example of the optical properties of an ILRE of another
embodiment of this invention is illustrated in FIG. 5. Light
501 of more than one Wavelength incident on an input surface

505 ofa light scattering region 504 ofan ILRE 500 at an angle
of incidence (1)1 is spread angularly due to scattering from the
dispersed domains 503 into tWo light paths 506 and 507

corresponding to tWo different Wavelengths K1 and L2. This
light is then incident to the light diffracting region 508 at
angles (1)2 and (1)3 from the interface normal determined by the
peak intensities of the individual Wavelengths. The light dif

20

fracting region 508 comprises light diffracting elements 502.
The different angles of incidence, (1)2 and (1)3, for the tWo
different Wavelengths, K1 and k2, diffract to angles (1)4 and (1)5
With a smaller angular difference than the difference of their

25

corresponding incidence angles such that q>2-q>3>q>4-q>5.

formity by spatially redirecting the light. In one embodiment,

ric anisotropic light scattering region, exiting the anisotropic
light scattering region, entering the light diffracting region,
30

measured in terms of the full-Width-at-half-maximum of the

intensity (or luminance) relative to an angle for a speci?c
Wavelength and polarization state. The angular chromatic
dispersion for the optical ILRE can be measured by looking at
the change in the total perceived color at a speci?c location as
a function of vieWing angle. This can be measured by using a

color shift is less than 0.01 or 0.05.
The ILRE may also improve the luminance or color uni

the ILRE comprises a light diffracting region comprising a
spatial arrangement of groups of diffraction gratings Wherein

The angular extent or range of light reaching the volumet

exiting the light diffracting region, or exiting the ILRE can be

306-1 and VESA 307-1 (using uniformity:100—% non-un
formity) is greater than 70%. In a further embodiment, the
angular luminance uniformity is greater than one selected
from the group of 80%, 85%, 90%, and 95%.
In another embodiment of this invention, the ILRE does not
signi?cantly change the apparent color of the incident light as
measured by Au'v' using the color coordinates of the incident
light and the exiting light. In one embodiment of this inven
tion of an ILRE, the color shift caused by the ILRE, measured
by the Au'v' of the incident and exiting light is less than 0.004
measured at an angle of 0°. In another embodiment, the Au'v'

each group comprises a diffraction grating comprising an
array of elements (such as linear asymmetric gratings With a
pitch of 0.57 pm). In one embodiment, the siZe, orientation
and location of these groups are arranged in the ILRE Which

is optically coupled to a light guide such that the uniformity of
the light re-directed out of the light guide is improved. This
35

can alloW for the manufacturing of the diffraction grating on

a substrate or light scattering ?lm, for example, such that high
speed manufacturing can be employed. The ILRE could be

luminance and color spot-meter such as a Minolta CS-100

and measuring the color at a range of vieWing angles. In one

subsequently optically coupled to the light guide spatially or

embodiment of this invention, the change in color (Which is
represented using the 1976 UCS scale color coordinates u'

uniformly by insert-molding, laminating uniformly, spatially
40

and v') de?ned as color shift metric Au'v' is less than 0.01 over
one of an angular output range selected from the group com

the light redirecting elements increases the further the dis

prising 10°, 30°, 50°, 70°, 120°, and 150° along at least one

tance from the source in order to extract more light out of the

light guide. The elements (grating group Width) and the spac

vieWing axis. When vieWing an extended light source With

tWo different spatially separated light emitting regions, the

adhering using a screen-printed adhesive, or other methods
knoWn in the art. Typically, the density of the surface area of

45

ing betWeen the groups can control the spatially arrangement

light Will reach the vieWer’s eyes from tWo different angles.

(locations of high intensity or luminance) of light diffracted

As a result, color variation With angle can also be determined
or seen by looking at tWo different spatial regions from a ?xed
location. In one embodiment of this invention, the color dif
ference measured from a predetermined direction (or at pre

out ofa light guide as illustrated U.S. Pat. No. 5,703,677, the
contents of Which are incorporated by reference herein. The
arrangement of the elements or their optical properties could
50

determined location) betWeen tWo regions of light emitting

be determined analogously by using methods knoWn in the art
for determining the siZe, shape, etc. of scattering arrays such

device, measured by Au'v', is less than 0.004. In another

as disclosed in Us. Pat. Nos. 6,994,462, and 6,776,494, or

embodiment, the Au'v' is less than 0.01 or 0.05. In one

gratings as disclosed in Us. patent application Ser. No.
11/337,837, the contents of each are incorporated by refer

embodiment of this invention, the angular dispersion is
reduced and the spatial color uniformity is increased.
The spatial color uniformity can be measured by looking at

55 ence herein.

Physical Properties of the Light Diffracting Region

the color of more than one region of the light emitting area

from the same vieWing angle. The difference in spatial color
uniformity can be measured by the color shift metric Au'v'
using a Minolta CS-100 spot-meter and measuring the color

60

at a ?xed angle in tWo regions and calculating the Au'v'. In one
embodiment of this invention, the color difference betWeen

tWo regions of a light emitting device measured by Au'v' is
less than 0.004 measured at an angle of 0°. In another embodi
ment, the Au'v' is less than 0.01 or 0.05.

By increasing the angular spread of light along at least one
direction, the ILRE can also improve the luminance unifor

The ILRE in one embodiment of this invention comprises
a diffraction grating. Diffraction gratings can generally be
classi?ed into volumetric or surface relief gratings. Volumet
ric gratings are typically created using one or more object and
reference beams of a laser and a photosensitive recording
medium. Surface relief gratings can be ruled mechanically or
exposed using lasers into a photosensitive medium such as

photo-resist Where portions of the exposed or non-exposed
65

regions are removed. Other methods for manufacturing dif
fracting elements such as additive or subtractive photolithog
raphy, etching, e-beam Writing, etc. are knoWn in the art and

US 8,619,363 B1
13

14

can be suitable for manufacturing light diffracting elements
Within a light diffracting region of an ILRE. Gratings Which

of visible Wavelengths at a suitable thickness. The grating
may be formed in materials knoWn to be durable and of

are formed using laser based interference are often termed

suf?cient optical quality such as polyester ?lms, acetate ?lms,
polycarbonate ?lms, and cellulose ?lms. Other materials suit

holographic gratings or diffractive optical elements. Gratings
can be modi?ed by coatings (hi-refractive index coatings
such as ZnS, aluminum metalliZation, etc), replicated into
polymers or coatings using stamping, thermoforming, coat

able for substrates or grating elements are described in the
aforementioned patents. In one embodiment, one or more of

the structures of the diffraction grating is made from a mate

ing, etc. Methods for the formation of diffraction gratings,

rial used in the anisotropic light scattering region. In a further

copying or modifying diffraction gratings, modeling diffrac
tion gratings, optimiZing diffraction gratings (for diffraction

grating is embossed into a substrate or the continuous phase

embodiment, one or more of the structures of the diffraction

e?iciency, angular bandWidth, polariZation sensitivity, polar

of the anisotropic light scattering region. Coatings may also

iZation re?ectivity, Wavelength bandWidth of one or more

be applied and the coatings may also be embossed. Important
qualities of the material include light transmission relative to
thickness, real and imaginary (absorptive) refractive index in

orders, etc.), combining diffraction gratings (crossed, in lay
ers, spatially separated, etc) are knoWn in the art. Examples of
these methods and gratings and similar optical elements such

Us. Pat. Nos. 7,050,233, 6,947,215, 6,991,358, 6,750,996,

the x, y, or Z direction, mechanical durability, ?exural modu
lus, ability to adhere or bond to a coating or substrate, ease of
processing, ease of coating, ease of embossing, thermal sta

6,020,944, 6,347,873, 4,888,260, 5,585,144, 5,513,019,

bility, and other properties knoWn to be important in selecting

as holograms and diffractive optical elements are disclosed in

5,650,865, 5,886,799, 5,291,317, and 5,420,947, the contents
of Which are incorporated herein by reference.

optical materials optical ?lms or substrates for ?lms.
20

Photonic bandgap materials can be used in this invention
Wherein the band gap regions or Wavelength at Which light is
alloWed to propagate or diffract can be controlled by the

has a different refractive index in one or more of the x, y, or Z

directions relative to the other and the anisotropy is selected
from at least one of the group of birefringent, form birefrin

insertion of defects into crystalline (or other structures that
have a degree of regularity in one, tWo or three directions).

The material in one or more areas of the grating may be

anisotropic. In one embodiment of this invention, the material

25

gence, photoelastic, uniaxial, strain-induced, and tri-refrin
gent. In a further embodiment, the diffraction grating is

The bandgaps, their various common structures used in con

junction With optics (optical ?lters), visible sources (Photonic

formed in a birefringent (or tri-refringent depending upon

bandgap based LEDs such as those by Luminous Devices

processing) material such as PEN or PET as described in Us.

Inc.), the effects of the physical properties on Wavelength,
angle, polarization, etc. are knoWn in the art for many differ

30

ent photonic bandgap or photonic crystals. Photonic bandgap
structures are typically used in optical computing, although

Pat. No. 6,590,707, the contents of Which are incorporated by
reference herein. In one embodiment of this invention, the
birefringence is the result of at least one from the group

consisting of the crystalline structure, molecular alignment,
polymer chain alignment, substantial alignment of structures

the use of the term is expanding into other areas Where they
are knoWn as guided mode resonant ?lters. Examples of pho
tors or ?lters and their properties are illustrated in Us. Pat.

With non-uniform shapes or structures Where the separation
of the shapes is non-uniform.
In one embodiment of this invention, the pitch of the grat

Nos. 5,216,680, 6,154,480, and 6,661,952 and Us. patent
application Ser. Nos. 10/689,784 (publication number

ing may be on the order of 5 pm or less. In another embodi
ment, the pitch is less than one selected from the group of

tonic bandgap materials and guided mode Waveguide resona

20040141333),
11/209,905
(publication
number
20060043400), and 11/436,707 (publication number
20060262250), the patents and applications incorporated by

35

1,000 nm, 600 nm, 500 nm and 300 nm. In a further embodi
40

reference herein. In one embodiment of this invention, a light

emitting device comprises a photonic bandgap region Within
at least one selected from the group of light source, light

transmitting region, light diffracting region, light scattering
region.

45
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like, prism-like, pyramid-like, aspherical, rectangular,

In one embodiment of this invention, an ILRE comprises
55

have graded or non-uniform pitches, aspect ratios, dimen
sions, edge de?nition, or diffraction ef?ciencies or other opti

ted from a ?rst source and second light diffracting groups

comprising second light diffracting elements that have pre
60

tion, the gratings are arranged spatially to selectively diffract
light in spatial arrangement to provide increased luminance

determined diffraction ef?ciencies for a second Wavelength
bandWidth comprising Wavelengths emitted from a second
source Wherein the sources have substantially different spec

tral outputs and the groups are arranged spatially to illuminate

or color uniformity or to diffract out light from speci?c Wave

the ?rst and second light diffracting elements.As used herein,

length ranges from narroWband sources such as LEDs or

OLEDs into desired angles.
In one embodiment of this invention, the grating is formed
from materials knoWn to be substantially transmissive to light

?rst light diffracting groups comprising ?rst light diffracting
elements that have predetermined diffraction ef?ciencies for
a ?rst Wavelength bandWidth comprising Wavelengths emit

ratio features. The gratings may be crossed or radial and may

cal or physical properties. In one embodiment of this inven

very close to each other near the light source on an edge-lit

lightguide because the light output coupling Would be too
high resulting in high luminance near the edge and spatial
luminance non-uniformity.

square, multi-faceted, faceted With curved faces, faceted With
curved and straight faces, symmetric about a line normal to
the surface, asymmetric about a line normal to the surface,

comprising randomiZed shapes, comprising rounded corners,
comprising high aspect ratio features, comprising loW aspect

No. 6,661 ,952, the contents of Which are incorporated by
reference herein.

In another embodiment of this invention, the pitch of the
diffraction grating elements vary from group to group Within
a light diffracting region of an ILRE. Traditional light re
directing features such as White scattering dots are not spaced

In one embodiment, the grating is linear in one or more
directions. In one or more embodiments, the grating has a
cross sectional pro?le selected from at least one of the group

consisting of blaZed, triangular, hemispherical, conical, tube

ment, the grating features are less than 200 nm. When the
features of the grating are substantially less than the Wave
length of light, the features can create an effective anisotropy
or birefringence in the materials such as disclosed in Us. Pat.

65

a diffractive element is the repeating element or structure in a

collection of structures With substantially the same pitch. The

collection of substantially continuous repeating elements of
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an approximately constant pitch (in one or more directions) is

from the group of support, substrate, capping, protection, or
barrier region for the light scattering region. In a further

termed a light diffracting group. By using ?rst diffractive

embodiment of this invention, the light transmitting region is
an adhesive that optically couples the light scattering region
into the light diffracting region. Diffraction gratings With

elements designed to direct the light from one or more ?rst
light sources With a ?rst color in proximity to a second group

of diffractive elements to designed to direct the light from one
surface area comprising the elements can utiliZed than could

smoothly varying features such as a grating With a sinusoidal
shaped pro?le can direct more light into the loWer diffraction

be utiliZed With traditional light scattering output coupling

orders than stepped rectangular gratings.

or more second light sources With a second color, more of the

patterns or a spatial arrangement of a grating With a single

FIG. 10 is a cross-sectional vieW of one embodiment of this

pitch.

invention of an ILRE 1000 comprising a light diffracting

The ?ll factor of the light diffraction region is de?ned as the
percentage ratio of the total area of light diffracting elements
divided by the percentage area Within the plane of the light
diffracting region corresponding to the area of output of the

region 1005 comprising light diffracting elements 1001 With
a rectangular surface pro?le 1007 and a light scattering region
1004 comprising light scattering dispersed domains 1006 in a
light transmitting material 1003. Diffraction gratings With
rectangular surface pro?les can be precisely manufactured

device or element. In one embodiment, the ?ll factor of the

light diffracting region is greater than 70%. In one embodi
ment of this invention, separate groups of light diffracting
elements are designed With the appropriate pitch, pro?le, and
refractive index to forWardly or backWardly diffract red,
green, and blue light incident Within a Waveguide from red,
green, and blue light emitting diodes into angles Within 30
degrees from the light emitting device output surface normal.
The ?ll factor for the light diffracting region is greater than
one selected from the group of 70%, 80%, 90% and 95%.
In a further embodiment of this invention, the ILRE com

using lithographic or other techniques. In one embodiment of

this invention, the light diffracting region comprises substan
tially rectangular step gratings in a step-pyramid pro?le.
Step-gratings can simulate triangular or other cross-sections
20

achieving similar diffractive properties by sectioning the pro
?le into discrete steps.
FIG. 11 is a cross-sectional vieW of one embodiment of this

invention of an ILRE 1100 comprising a polariZation selec

tive light diffracting region 1105 comprising light diffracting
25

elements 1101 With a rectangular surface pro?le 1107 and a

prises ?rst and second light diffracting groups Wherein light

light scattering region 1104 comprising light scattering dis

of a ?rst Wavelength bandWidth incident on the ?rst group is

persed domains 1103 in a light transmitting material 1102.

diffracted into a ?rst angle smaller than the critical angle for
the ILRE or Waveguide region and the light of the ?rst Wave
length bandWidth incident on the second group is substan
tially undiffracted or diffracted into an angle higher than the

The light diffracting elements comprise a high refractive
30

index coating 1106 disposed on the outer portions of the
elements. Gratings With coatings on the elements can func

critical angle for the ILRE or Waveguide region such that the

tion as polariZation selective gratings. Examples of gratings
Which selectively re?ect or diffract light Within a speci?c

light does not escape the ILRE or Waveguide.

polariZation range are disclosed in Us. Pat. No. 6,947,215.
FIG. 12 is a cross-sectional vieW of one embodiment of this

FIG. 8 illustrates one embodiment of this invention of an

ILRE 800 comprising a light diffracting region 804 optically
coupled to a light scattering region 805. The light diffracting
region comprises a ?rst group 811 of ?rst light diffracting
elements 801 With a ?rst pitch of d1. The light diffracting
region further comprises a second group 812 of second light
diffracting elements 802 With a second pitch of d2. The light
diffracting region further comprises a third group 813 of third

light diffracting elements 803 With a third pitch of d3. By
designing the ILRE With different pitches such that light from
different Wavelengths Will diffract substantially toWard the
same angle, a light emitting device comprising the ILRE and
light With substantially three different Wavelength band
Widths such as those corresponding to red, green and blue
light, the light can be redirected more ef?ciently. In a further
embodiment, the ILRE has tWo, four or more than four groups
of diffracting elements With different pitches Which can be
used With different light sources of different spectral colors
(such as a bluish-White LED plus an orange colored LED).

35

region 1205 With a smoothly varying surface pro?le 1209 and
a re?ective region 1207, a light scattering region 1204, and

light transmitting region 1202 optically coupling the light
scattering region 1204, a surface pro?led light transmitting
40

1203. The light diffracting elements comprise the light

pro?led light transmitting diffractive region 1201, forming
45

of this invention, the light re?ecting region is not conformal to

50

essential re-direct forWard diffracted light back through the
transmissive grating elements and When coupled With a light
transmitting diffractive region create a backWard light dif

fracting region. In further embodiments, the light re?ecting
region is a non-absorptive or non-metallic region that has a
55

high refractive index such that a signi?cant amount of light is
re?ected from the interface of the light re?ecting region With
the element.
FIG. 15 is a cross-sectional vieW of one embodiment of this

invention of an ILRE 900 comprising a light diffracting

invention of an ILRE 1500 comprising a polariZation selec

tive light diffracting region 1507 comprising light diffracting

region 905 comprising light diffracting elements 901 With a
60

scattering dispersed domains 906 in a light transmitting
matrix material 903. In one embodiment of this invention, the

light transmitting region is a substrate for the diffraction
grating. In another embodiment of this invention, the light
transmitting is a substantially non-scattering region. In a fur
ther embodiment, the light transmitting region is one selected

the light diffracting elements 1208. In a further embodiment

the surface pro?led light transmitting diffractive region 1207
and is substantially planar. The light re?ecting regions can

FIG. 9 is a cross-sectional vieW of one embodiment of this

smoothly varying surface pro?le 907, a light transmitting
region 902, and a light scattering region 904 comprising light

diffractive region 1201. The light scattering region 1204 com
prises dispersed domains 1206 in a light transmitting material
re?ecting region 1208 Which conformally cover a surface

Other spectral light sources, phosphors, and color combina
tions possibilities are knoWn in the art of displays, LEDs,
OLEDs, and color technology and are suitable for use With
the con?gurations and embodiments disclosed herein.

invention of an ILRE 1200 comprising a backWard diffracting
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elements 1504 formed at the interface 1511 of a ?rst light
transmitting material 1502 of a ?rst refractive index and a

second light transmitting material 1503 of a second refractive
index different from the ?rst light transmitting material 1502.
The ILRE 1500 further comprises a light scattering region
1501 and a light transmitting region 1505 optically coupled to
the second light transmitting material 1503 . A portion 1509 of
the light 1508 of a ?rst polarization state incident from the

US 8,619,363 B1
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light transmitting region 1505 onto the light diffracting ele

material 1602 and the second light transmitting material

ments 1504 is diffracted into the ?rst transmitted order such

1603, and a third interface betWeen the second light transmit

that the diffracted light 1509 exits the lightguide formed from
the outer surface 1512 of the light scattering region 1501 and
the outer surface 1513 of the light transmitting region.

ting material and the light transmitting material 1604 of the
5

FIG. 16 is a cross-sectional vieW of one embodiment of this

second volumetric anisotropic light scattering region 1608
together form three possible Waveguide-like conditions for
comprising a portion of light traveling betWeen the regions.
When the interfaces betWeen the dispersed domains 1609 and
1621 and the air-light transmitting material 1601 interface
and the air-light transmitting material 1604 interface are
added, many more possible Waveguide-like conditions are
created by re?ections betWeen any tWo interfaces.
These multiple Waveguides can serve a function of laterally

invention of an ILRE 1600 comprising a polarization selec

tive light diffracting region 1607 comprising light diffracting
elements formed at the interface 1620 of a ?rst light transmit
ting material 1602 of a ?rst refractive index and a second light
transmitting material 1603 of a second refractive index dif

ferent from the ?rst light transmitting material 1602. The
ILRE 1600 further comprises a ?rst volumetric anisotropic
light scattering region 1606 and a second volumetric aniso

spreading the light (in the x-direction for example) before it
exits the ILRE Which provides increased lateral uniformity.

tropic light scattering region 1608 disposed on opposite sides
of and optically coupled to the polarization selective light
diffracting region 1607. The volumetric anisotropic light
scattering regions 1606 and 1608 comprise asymmetric dis

Additionally, the multiple re?ections causing the light to

persed domains 1609 and 1621, respectively, oriented in the
x-direction Within light transmitting materials 1601 and
1604, respectively. A ?rst portion 1612 of the light 1611

the materials making up a domain or region, the pro?le of the
grating and each interface, number of interfaces, or the size or
shape of the domains can be controlled to provide more than

change angles can reduce the color shift from the ILRE or a

light emitting device comprising it. In further embodiments
of this invention, one or more of the refractive index of one of
20

incident on the ILRE 1600 is re?ected from the light scatter

three effective Waveguide conditions providing increased

ing region 1606. A portion 1610 of the incident light 1611
Which is transmitted through the ?rst volumetric anisotropic

ment of this invention, the light diffracting region is not

light scattering region 1606 passes through the polarization

spatial or angular luminance uniformity. In a similar embodi
25

selective light diffracting region 1607 and is re?ected by the
second volumetric anisotropic light scattering region 1608. A

In one embodiment of this invention, an ILRE comprises a

light transmitting region and a light diffracting region com
prising grating elements of a substantially constant pitch

?rst portion 1615 of the light 1610 re?ected from the second

volumetric anisotropic light scattering region 1608 passes
through the polarization selective light diffracting region
1607 and the ?rst volumetric anisotropic light scattering

30

designed to diffract light from a blue or UV light emitting
source toWard a light scattering region at a second angle. By

leveraging the capability of the gratings to Work precisely at

region 1606 and exits the ILRE 1600. A second portion 1614
of the light 1610 re?ected from the second volumetric aniso

narroW Wavelength bandwidths such as With a blue, UV, or
blue and UV emitting source, the light incident on a light

tropic light scattering region 1608 is diffracted by the polar
ization selective light diffracting region 1607 and passes

substantially polarization sensitive.

scattering region comprising a phosphor layer or photolumi
35

nescent polarizer can be controlled more e?iciently and pre

through the ?rst volumetric anisotropic light scattering region

cisely.

1606 and exits the ILRE 1600.

In one embodiment of this invention, the grating is a linear
blazed grating With a pitch of 0.57 pm With an apex angle of

A ?rst portion 1613 of the light diffracted from the polar

ization selective light diffracting region 1607 passes through
the ?rst volumetric anisotropic light scattering region 1606

90 degrees and other angles of 55 degrees and 35 degrees as
40

and exits the ILRE 1600. A second portion 1605 of the inci

dent light 1611 diffracted from the polarization selective light
diffracting region 1607 re?ects from the ?rst volumetric

ing domain Within the light scattering region is greater than

anisotropic light scattering region 1606, passes through the
polarization selective light diffracting region 1607 and is
re?ected by the second volumetric anisotropic light scattering

four times the pitch of at least one light diffracting element
45

Within the light diffracting region. For example, the cross
sectional Width, W, in a ?rst direction, x, as shoWn in FIG. 5

region 1608. Similarly, a third portion 1618 of the incident

is greater than four times the pitch, d, (Where the pitch of a
grating is as illustrated in FIG. 1).

light 1611 diffracted from the polarization selective light
diffracting region 1607 re?ects from the ?rst volumetric

anisotropic light scattering region 1606, passes through the

shoWn in FIG. 1.
In another embodiment of this invention, the cross-sec
tional dimensional Width in a ?rst direction of a light scatter

50

In another embodiment of this invention, the cross-sec
tional dimensional Width in a ?rst direction of a light scatter

polarization selective light diffracting region 1607 and is
re?ected by the air-material interface formed by the light

ing domain Within the light scattering region is greater than

transmitting material 1604 and is directed back into the sec

Within the light diffracting region.
Optical Properties of the Grating

ond volumetric anisotropic light scattering region 1608 and
the polarization selective light diffracting region 1607. A

eight times the pitch of at least one light diffracting element

55

portion 1617 of the light 1605 is further diffracted by the

polarization selective light diffracting region 1607 and totally
internally re?ects from the air-light transmitting material
1601 interface.
One can see from this example that the multiple re?ectively

60

scattering and transmitting regions, and the polarization

diffraction grating designed to diffract light Within the light
guide Which is greater than approximately 42 degrees from

selective light diffracting region and the outer boundary sur
faces of the ILRE can essentially form Waveguides Within a

Waveguide region. A ?rst interface betWeen the ?rst light
transmitting material 1602 and the light transmitting material
1601 of the ?rst volumetric anisotropic light scattering region
1606, a second interface betWeen the ?rst light transmitting

In one embodiment of this invention a diffraction grating is
disposed on the surface of a ?lm optically coupled to a light
guide Wherein the grating is designed to have a diffraction
e?iciency greater than 70% across a substantial portion of the
visible spectrum at one or more incident angles de?ned by
those sustained With the Waveguide. In one embodiment, the
Waveguide is a an acrylic substrate and the grating is a blazed
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the normal of the surface to an angle less than 42 degrees from
the normal. In a further embodiment, the grating is designed
to diffract a ?rst portion of incident light at a Wavelength of
550 nm from a ?rst angle Within the light guide to a peak

US 8,619,363 B1
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angle, (I), such that —10°<(I><+10o as measured from the ILRE

In one embodiment of this invention, the diffraction e?i

ciency is predetermined to be less than 90% such that the

output surface normal (or light emitting device output surface
normal). In another embodiment, the grating is designed to

recycled (non-diffracted then totally internally re?ected light
or backWard diffracted light) contributes to the uniformity of
the light emitting system. In one embodiment of this inven

diffract incident light at a Wavelength of 550 nm from a ?rst

angle Within the light guide to a peak angle, (I), such that

tion, the ef?ciency of the group of gratings in one or more
locations is reduced to alloW for color and or luminance
uniformity to be increased. In one embodiment, the diffrac

—5°<(I><+5° as measured from the exiting plane. In this
embodiment, the light can be re-directed toWard the direction
normal to the surface such that When incorporated With a
backlight or display, the luminance in the direction normal to

tion ef?ciency of the ?rst diffracted order grating for s-polar
ized light of a Wavelength of 532 nm incident at 70 degrees is
less than 50%. In another embodiment, the diffraction e?i
ciency is less than at least one selected from the group of 40%,
30%, 20%, and 10%. In a further embodiment of this inven

the display is increased.
The grating may also be designed to ef?ciently Work With
prismatic ?lms to direct light e?iciently to the normal direc
tion. In one embodiment, the grating is designed to diffract
Within the light guide to a peak angle, (D2, such that at least

tion, the diffraction ef?ciency of the grating is graded spa
tially such that light is recycled to be extracted further along
the light guide. The diffraction ef?ciency and the spatial

one of the conditions of —40°<(I>2<—20o or +20°<(I>2<+40o as

arrangement (and size, shape, separation, pitch, density, etc.)

incident light at a Wavelength of 550 nm from a ?rst angle

measured from the normal to the light guide output plane. In
a further embodiment, the grating is designed to diffract inci
dent light at a Wavelength of 550 nm from a ?rst angle Within

of the grating elements can be combined to create an

improved, high ef?ciency light redirecting element that pro
20

vides luminance and color uniformity Within a predetermined

spatial region and angular range.

the light guide to a peak angle, (D3, such that at least one of the
conditions of —35°<(I>3<—25° or +25°<(I>3<+35° as measured

In one embodiment of this invention, an ef?cient diffrac

from the exiting plane. In a further embodiment, a backlight
comprising the ILRE Which comprises one of the aforemen
tioned gratings further comprises a collimation ?lm such as
prismatic ?lm With a substantially 90 degree apex angle ori
ented such that a substantial portion of the light received from
the grating is diffracted to a peak angle Within 10 degrees
from the normal to the backlight.
The optical performance of a grating can be broken doWn
into number of measurable optical parameters. Parameters
include the number of diffractive orders (forward and back
Ward diffractive orders) and the e?iciency in each order for
each angle of incidence at each Wavelength and each polar
ization state (s, p, TE, TM, and combinations or angles in

tion grating can be used and the size, shape and ?ll-factor of
the grating on a light guide surface can be adjusted to yield an
25

30

35

into Which the incident light diffracts can also vary depending
on the angle, Wavelength, polarization state of the incident

tion and light recycling (for uniformity), respectively. In one
40

(FWHM) in nanometers of the diffraction ef?ciency curve
relative to the Wavelength of incident light at a speci?c angle

and polarization state. The angular sensitivity describes the
45

measured as the FWHM in degrees of deviation from a spe
50

tive structures can contribute to the amount of light diffracted
into an order. In one embodiment of this invention, the grating
is blazed such that the cross-sectional pro?le of one or more

length of tWo faces are not equal. A blazed grating can
increase the diffraction e?iciency of a diffracted order, thus
permitting more light to be re-directed toWard a design angle
55

(such as normal to an exiting surface or toWard an appropriate

input angle of a further light re-directing element).
In one embodiment of this invention, the grating has a

substantially symmetric pro?le such that incident light from

polarized. For transverse electric (TE) polarization, the prin
cipal electromagnetic ?eld is normal to the plane of incidence
Which is de?ned by a k vector and the Z axis. For transverse

40%. In a further embodiment of this invention, the sum of the
diffraction ef?ciencies of the forWard diffracted orders is less
than 60% and the sum of the backWard diffracted orders is

periods of the grating is an asymmetric triangle Where the

When a plane Wave is incident on a diffraction grating With

the grating lines or features constant along the y-axis and the
grating is substantially located in the x-y plane, one can
describe the polarization in terms of the incident plane Wave
(k vector) and the tWo angles alpha and beta are used to de?ne
the polarization state. If beta:0 the illumination is linearly

embodiment of this invention, the sum of the diffraction e?i
ciencies of the forWard diffracted orders is greater than 60%
and the sum of the backWard diffracted orders is less than

greater than 40%.
The shape (such as cross-sectional pro?le) of the diffrac

polarization sensitivity describes the polarization bandWidth
ci?c polarization angle of the diffraction ef?ciency curve
relative to the angle of incident light at a speci?c Wavelength
and incident angle.

0 forWard and 0 backWard diffracted orders. In a further
embodiment, the number of diffractive orders is 4 or more. In
one embodiment, the ?rst forWard diffracted order and the

?rst backWard diffractive order contribute to light re-direc

light. The Wavelength sensitivity describes the Wavelength

angular bandWidth measured as the FWHM in degrees of the
diffraction ef?ciency curve relative to the angle of incident
light at a speci?c Wavelength and polarization state. The

nm incident at 70°. In a further embodiment, the grating has
a diffraction ef?ciency of at least one of 70%, 80%, and 90%.
The number of diffractive orders can vary depending on the

design. In one embodiment of this invention, the number of
diffractive orders With diffraction ef?ciency over 2% (s-po
larized 550 nm light incident at 70 degrees) is 3 including the

betWeen depending on terminology and reference). The angle

bandWidth measured as the Full-Width-at-Half-Maximum

ILRE With increased color and luminance uniformity. In one
embodiment of this invention, the grating has a diffraction
ef?ciency in the ?rst forWard diffracted order of greater than
60% for a ?rst polarization angle of s-polarized light at 550

60

tWo directions Within or from a light guide With light sources
on opposite ends diffracts With similar diffraction ef?ciencies

magnetic (TM) polarization, the principle electromagnetic

into equal but oppositely signed angles. In another embodi

?eld is in the plane of incidence. Beta determines the magni
tude of the secondary electric ?eld Which is perpendicular to
the principle electromagnetic ?eld and the k vector, and is 90
degrees out of phase in time. If the principal and secondary

ment of this invention, the grating is a symmetric triangular
grating such that s-polarized 550 nm light incident on the
grating from —700 is diffracted to a peak angle Within the

electromagnetic ?elds have equal magnitudes, they are saidto

be circularly polarized.
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range of —200 and 400 and light incident at +700 is diffracted
to a peak angle Within the range of +200 and +400 to the
emitting surface normal. In a further embodiment, an ILRE

