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(57) ABSTRACT 

An enhanced electroluminescent sign containing a volumet 
ric, anisotropic scattering element to control the angular 
spread of light from the sign and the spatial luminance 
uniformity of the sign. The anisotropic scattering element 
contains one or more regions of asymmetrically-shaped light 
scattering particles. The angular spread of light leaving a 
sign from a light emitting source can be efficiently controlled 
by using a thin, loW cost, volumetric, anisotropic scattering 
elements to angularly and spatially distribute light, permit 
ting the reduction in number of light sources, a reduction in 
poWer requirements, or a more tailored vieWing angle. 
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ENHANCED ELECTROLUMINESCENT SIGN 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of priority under 
35 U.S.C. ll9(e) to copending U.S. Provisional Application 
No. 60/628,769, ?led on Nov. 17, 2004, the entire contents 
of Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention generally relates to electrolumines 
cent signs or other devices capable of displaying images or 
indicia Wherein light is emitted such that indicia can be 
visually recogniZed. The invention also relates to the com 
ponents contained Within the electroluminescent signs or 
devices. 

BACKGROUND OF THE INVENTION 

[0003] Electroluminescent signs such as neon, traditional 
?uorescent backlit signs and channel lettering typically 
direct light into large angles in the horiZontal and vertical 
directions. In many cases, the light does not need to be 
directed in to certain angular directions because the sign is 
not normally vieWed from that direction. For example, most 
signs are typically vieWed in the horiZontal direction With 
only a slight vertical doWnWard direction needed. The light 
that is sent high in the vertical direction upWard is often 
Wasted and causes signi?cant light pollution. This also 
increases the running costs of the sign due to the increased 
electrical poWer and brighter bulb requirements. 

[0004] Fluorescent light bulb-based electroluminescent 
signs are generally rectangular in shape due to the typical 
long cylindrical shape of the ?uorescent bulbs. These signs 
typically use White re?ecting light boxes and symmetrically 
scattering di?‘users to spread the light in all directions. 
Channel letters often di?‘use light into Wide angles in the 
horizontal and vertical directions using symmetric light 
scattering ?lms or plastic. A signi?cant amount of light is 
absorbed or directed into unnecessary directions When using 
these designs. 

[0005] Improvements in solid state light sources such as 
light emitting diodes (LEDs) are continuously increasing 
their e?icacy With their luminous output per electrical Watt 
approaching ?uorescent sources. LEDs are essentially point 
light sources, as opposed to the extended light sources of 
?uorescent bulbs. Thus, the light from an LED can be 
controlled more effectively (even When multiple LEDs are 
used) With the proper optical ?lms and materials. Traditional 
diffusers used With point sources such as LEDs can exhibit 
speckle. This is typically avoided by using one or more 
symmetric di?‘users, thick diffusing ?lms, White scattering 
surfaces such as printed White dots or White light box Walls. 
HoWever, these methods ine?iciently scatter the light into 
large angles and undesirable directions. 

[0006] Current optical ?lms used With electroluminescent 
signs include symmetrically diffusing ?lms and prismatic 
?lms. For example, the 3M Di?fuser Films 3635-30 and 
3635-70 are re?ecting and transmitting di?‘user ?lms that 
transmit 30% and 70% of the incident light, respectively. 
The light is diffused symmetrically forWard (transmitting) or 
backWard (re?ecting) through scattering from particles. 
While some light boxes require a signi?cant amount of the 
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light to be re?ected back toWard the White light box, these 
designs scatter light inefficiently into regions Where the light 
is absorbed. The components of the light box, including the 
White Walls and ?lms, absorb a signi?cant amount of the 
light that is scattered throughout the light box multiple 
times. Alternatively, more e?icient and thinner designs such 
as edge-lit or Waveguide-based electroluminescent signs are 
sometimes used. Often With edge-lit or Waveguide designs, 
White scattering dots are printed on a Waveguide or ?lm 
coupled to a Waveguide. These dots scatter the light sym 
metrically, and much of the light is scattered into directions 
Where it is not needed (such as the vertical direction in many 
applications). This results in an ine?icient electrolumines 
cent sign. 

[0007] Prismatic ?lms such as 3M’s Optical Lighting Film 
(OLF) and 3M’s Brightness Enhancement Film (BEF) are 
sometimes used to direct the light in the large angles in one 
plane back toWard the forWard direction. For example, the 
light from a ?uorescent bulb-based edge-lit sign has printed 
dots on the back that scatter the light in symmetrical 
directions. A diffuser is often added to the top of the 
Waveguide to blend the non-uniformities of the White dots 
together and scatter the light into larger angles in both 
directions. BEF ?lm can be placed With the prisms aligned 
in the horiZontal direction to direct some of the light in the 
large angles in the vertical directions toWard the forWard 
direction. The ?rst area of ine?iciency is the White dots that 
scatter a portion of the light back toWard the ?uorescent 
bulb, Where it leaves the Waveguide and is absorbed by the 
bulb or other components. Secondly, the symmetrically 
scattering di?‘user scatters the light into large angles Where 
it is unused and also scatters more light backWard toWards 
the Waveguide Where some of it is absorbed. The BEF 
directs some of the light in one plane, but not all of the light, 
toWards a more forWard direction. All of these components 
and ?lms add to the volume and cost of the sign With the 
BEF ?lm being expensive to manufacture due to microrep 
lication techniques. 

SUMMARY OF THE INVENTION 

[0008] What is needed is an enhanced electroluminescent 
sign that e?iciently directs light into desired vieWing angles 
that is loW cost, has a reduced volume, and is e?icient and 
uniform. 

[0009] The present invention relates to enhanced elec 
troluminescent signs, e.g., containing a volumetric, aniso 
tropic scattering elements to control the angular spread of 
light from the sign. The light scattering element contains one 
or more regions of asymmetrically-shaped light scattering 
domains. The angular spread of light leaving a sign from a 
light emitting source can be e?iciently controlled by using a 
thin, loW cost, volumetric, anisotropic scattering elements to 
direct the light in the desired directions. This can permit the 
reduction in number of light sources, a reduction in poWer 
requirements, or a more tailored vieWing angle. In one 
embodiment, the volume of the electroluminescent sign can 
also be reduced by eliminating the need the thicker prismatic 
?lms used for increased brightness. The speckle contrast of 
a sign can be reduced by using more than one anisotropic 
light scattering region. When the diffusing element is used in 
combination With a Waveguide to extract light, the light is 
e?iciently coupled out of the Waveguide in a thin, planar 
surface. This diffusive element can be coupled to a re?ecting 
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element such that the resulting combination is a light re?ect 
ing element With a desired anisotropic light scattering pro?le 
that can be used to create an enhanced electroluminescent 
sign. 

[0010] By using anisotropic light scattering elements, one 
can more precisely control the angular spread of light, 
creating a more optically e?icient electroluminescent sign. 
Additionally, With the trend in industry to the use of point 
light sources such as LEDs, the problem of increased visible 
speckle contrast on the sign is an issue. More than one 
anisotropic scattering element in the path Within the sign can 
reduce this effect. When used in combination With 
Waveguide based signs, the anisotropic light scattering ele 
ments can optically couple light from the Waveguide more 
e?iciently that printed dots or symmetric di?‘users. Thus, 
more light is directed in the forward direction and horiZontal 
angles. This can reduce the costs, poWer requirements, 
speckle and volume While providing a designed angular 
vieWing range. 

[0011] When used With linear arrays of light sources, the 
anisotropic diffusing element increases the spatial lumi 
nance uniformity by spreading light into larger angles in the 
direction perpendicular to array While substantially main 
taining the angular spread in the direction parallel to the 
array. The volume of the electroluminescent sign can also be 
reduced by eliminating the need for thicker prismatic ?lms 
conventionally used for increased brightness. The speckle 
contrast and luminance uniformity of a sign can be reduced 
by using more than one light scattering region. When the 
anisotropic scattering element is used in combination With a 
Waveguide to extract light, the light is e?iciently coupled out 
of the Waveguide in a thin, planar surface. This anisotropic 
scattering element can be coupled to a re?ecting element 
such that the resulting combination is a light re?ecting 
element With a desired anisotropic light scattering pro?le 
that can be used to create an enhanced electroluminescent 

sign. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a perspective vieW of a prior art elec 
troluminescent bus-stop sign With a substantially isotropic 
light output; 

[0013] FIG. 2 is a perspective vieW of an enhanced 
electroluminescent bus stop sign With a substantially aniso 
tropic light output; 

[0014] FIG. 3 is a perspective vieW of an enhanced 
electroluminescent WindoW sign With a substantially aniso 
tropic light output; 

[0015] FIG. 4 is a perspective vieW of an enhanced 
electroluminescent sign using a volumetric, anisotropic scat 
tering Waveguide in combination With a re?ector and ?uo 
rescent bulb; 

[0016] FIG. 5 is a perspective vieW of an enhanced 
dual-sided electroluminescent sign using a volumetric, 
anisotropic scattering Waveguide in combination With tWo 
?uorescent bulbs; 

[0017] FIG. 6 is a perspective vieW of an enhanced 
electroluminescent sign using a volumetric, anisotropic scat 
tering Waveguide in combination With a re?ector and a linear 
array of LEDs; 
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[0018] FIG. 7 is a perspective vieW of an enhanced 
electroluminescent dual-sided sign using a volumetric, 
anisotropic scattering Waveguide in combination With tWo 
linear arrays of LEDs; 

[0019] FIG. 8 is a perspective vieW of an enhanced 
electroluminescent sign using a volumetric, anisotropic scat 
tering region in combination With a Waveguide, re?ector, 
and ?uorescent bulb; 

[0020] FIG. 9 is a perspective vieW of an enhanced 
electroluminescent dual-sided sign using tWo volumetric, 
anisotropic scattering regions in combination With a 
Waveguide and a linear array of LEDs; 

[0021] FIG. 10 is a perspective vieW of an enhanced 
electroluminescent sign using a volumetric, anisotropic scat 
tering region in combination With a tapered Waveguide, 
re?ector, and ?uorescent bulb; 

[0022] FIG. 11 is a perspective vieW of an enhanced 
electroluminescent sign using a volumetric, anisotropic scat 
tering region in combination With ?uorescent bulbs in a 
White light box; 

[0023] FIG. 12 is a schematic cross-sectional vieW of an 
enhanced electroluminescent sign using a volumetric, aniso 
tropic scattering region in combination With ?uorescent 
bulbs With curved re?ectors; 

[0024] FIG. 13 is a perspective vieW of an enhanced 
electroluminescent channel letter sign using a volumetric, 
anisotropic scattering region in combination With a re?ective 
channel letter housing and multiple LEDs; 

[0025] FIG. 14 is a perspective vieW of an enhanced 
electroluminescent sign using tWo volumetric, anisotropi 
cally scattering regions spaced apart by a non-scattering 
region in combination With a Waveguide and a linear array 
of LEDs. 

[0026] FIG. 15 is a graph of the spatial illuminance 
distribution from measurements further detailed in Example 
1. 

[0027] FIG. 16 is a graph of the angular luminance 
uniformity from measurements further detailed in Example 
1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The features and other details of the invention Will 
noW be more particularly described. It Will be understood 
that particular 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. All parts and percentages are by Weight unless 
otherWise speci?ed. 

De?nitions 

[0029] For convenience, certain terms used in the speci 
?cation and examples are collected here. 

[0030] “Electroluminescent sign” is de?ned herein as the 
means for displaying information Wherein the legend, mes 
sage, image or indicia thereon is formed by or made more 
apparent by an electrically excitable source of illumination. 
This includes illuminated cards, transparencies, pictures, 



US 2006/0215958 A1 

printed graphics, ?uorescent signs, neon signs, channel letter 
signs, light box signs, bus-stop signs, illuminated advertis 
ing signs, EL (electroluminescent) signs, LED signs, edge-lit 
signs, advertising displays, liquid crystal displays, electro 
phoretic displays, point of purchase displays, directional 
signs, illuminated pictures, and other information display 
signs. Electroluminescent signs can be self-luminous (emis 
sive), back-illuminated (back-lit), front illuminated (front 
lit), edge-illuminated (edge-lit), Waveguide-illuminated or 
other con?gurations Wherein light from a light source is 
directed through static or dynamic means for creating 
images or indicia. 

[0031] “Anisotropic scattering” refers to scattering of inci 
dent light into directions such that light has different inten 
sities in different directions. It can also be referred to as 
asymmetric scattering, and can include the forWard and 
backward directions, horiZontal and vertical directions. In 
general, it refers to unequal scattered light intensities in tWo 
or more directions Within a solid angle of 4 pi steradians. 

[0032] “Speckle” includes scintillation or the optical inter 
ference pattern visible on a diffusing element. 

[0033] “Speckle Contrast” is de?ned herein as the ratio of 
the standard deviation of the luminance ?uctuation to the 
mean luminance over the area of interest. 

[0034] “Scatter,”“Scattering,”“Di?use,” and “diffusing” 
as de?ned herein includes redirecting of light by re?ection, 
refraction or diffraction from particles, domains, surfaces, 
layers or regions. 

[0035] “Optically coupled” is de?ned herein as condition 
Wherein tWo regions or layers are coupled such that the 
luminance of light passing from one region to the other is not 
substantially reduced by Fresnel interfacial re?ection losses 
due to differences in refractive indices betWeen the regions. 
“Optical 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 “Optical 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 trans 
ferring is another method that can be used to optically couple 
tWo regions of material. 

[0036] A “micro-body”, “disperse phase domain, gas 
eous void,”“particle” as referred to herein are substantially 
small regions of material or blend of materials. They also 
include gaseous or void regions de?ned by the absence of a 
solid material. The optical effects of light re?ecting from, 
absorbing or passing through these regions may vary and the 
method of manufacturing these micro-bodies can effect the 
resulting material and optical characteristics. Methods of 
manufacturing these types of micro-bodies are knoWn in the 
art and include, but are not limited to, dispersing materials 
in a matrix and extruding the blend into a ?lm, blending the 
micro-bodies Within an extruder and extruding a ?lm, inj ec 
tion molding a blend of materials, stretching a blend in 
conditions Where a region is in the solid state such that a void 
is created, photopolymeriZation and monomer diffusion. 

[0037] A “spherical” or “symmetric” disperse phase 
domain includes gaseous voids, micro-bodies, or particles 
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that substantially resemble a sphere. A spherical domain 
may contain surface incongruities and irregularities but has 
a generally circular cross-section in substantially all direc 
tions. A “spheroid” is a type of ellipsoid Wherein tWo of the 
three axes are equal. An “asymmetric” domain is referred to 
here as an “ellipsoidal” domain Wherein each of the three 
axis can be a different length. Typically, ellipsoidal domains 
resemble squashed or stretched spheres. “Non-spherical” 
domains include ellipsoidal domains and other domains 
de?ned by shapes that do not resemble a sphere such as 
those that not have constant radii. For example, a non 
spherical particle may have ?nger-like extensions Within one 
plane (amoeba-like) and substantially planar in a perpen 
dicular plane. Also, ?brous domains are also non-spherical 
disperse phase domains that may have aspect ratios of 10:1, 
100:1 or larger. 

[0038] “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 re?ect and remain 
Within the region. In a light guide, the light Will re?ect or 
TIR (totally internally re?ect) if it the angle (0t) does not 
satisfy the condition 

Where n1 is the refractive index of the medium inside the 
light guide and n2 is the refractive index of the medium 
outside the light guide. Typically, n2 is air With a refractive 
index of nzl, hoWever, high and loW refractive index 
materials can be used to achieve light guide regions. The 
light guide may comprise re?ective components such as 
re?ective ?lms, aluminiZed coatings, surface relief features, 
and other components that can re-direct or re?ect light. The 
light guide may also contain non-scattering regions such as 
substrates. Light can be incident on a light guide region from 
the sides or beloW and surface relief features or light 
scattering domains, phases or elements Within the region can 
direct light into larger angles such that it totally internally 
re?ects or into smaller angles such that the light escapes the 
light guide. The light guide does not need to be optically 
coupled to all of its components to be considered as a light 
guide. Light may enter from any face (or interfacial refrac 
tive index boundary) of the Waveguide region and may 
totally internally re?ect from the same or another refractive 
index interfacial boundary. A region can be functional as a 
Waveguide for purposes illustrated herein as long as the 
thickness is larger than the Wavelength of light of interest. 
For example, a light guide may be a 5 micron region With 2 
micron><3 micron ellipsoidal dispersed particles or it may be 
a 3 millimeter diffuser plate With 2.5 micron><70 micron 
dispersed phase particles. 
[0039] “Angle of vieW” (AOV) is a measurement of 
illumination for all angles relative to tWo perpendicular axes 
in the plane of the material. Typically, the X axis references 
the horizontal, axis and the Y axis references the vertical, 
axis. The angle of vieW is measured by applying a “full 
Width at half maximum” approach, a “full-Width at one-third 
maximum” approach, and a “full-Width at one-tenth maxi 
mum approach.” The AOV at full-Width at half maximum 
(0t(1/z)) is calculated from sum of the absolute value of the 
angles (measured from an orthogonal to the plane of the 
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material) at Which the measured luminance is one-half the 
maximum luminance measured and noted. For example, if 
angles of +35° and —35° Were measured to have one-half of 
the maximum luminance in the horizontal direction, the 
AOV 0t(1/z) in the horizontal direction for the screen Would 
be 70°. The AOV at full-Width at one-third maximum (BC/3)) 
and the AOV at full-Width at one-tenth maximum (X(1/10)) 
are calculated similarly, except that they are calculated from 
the angles at Which the luminance is one-third and one-tenth 
of the maximum luminance respectively. 

[0040] The “asymmetry ratio” or “anisotropy ratio” is the 
horizontal AOV 0t(1/z) divided by the vertical AOV 0t(1/z), 
and thus is a measure of the degree of asymmetry betWeen 
the horizontal luminance and the vertical luminance of the 
diffuser. 

[0041] This invention is an enhanced electroluminescent 
sign containing a volumetric, anisotropic scattering element 
to control the angular spread of light from the sign. The light 
scattering element contains one or more regions of asym 
metrically-shaped light scattering domains. The spatially 
uniformity and angular spread of light leaving a sign from a 
light emitting source can be e?iciently controlled by using a 
thin, loW cost, volumetric, anisotropic light scattering ele 
ments to direct the light in the desired directions. This can 
permit the reduction in number of light sources, a reduction 
in poWer requirements, or a more tailored vieWing angle. 
The thickness and volume of the electroluminescent sign can 
also be reduced by eliminated the thicker prismatic ?lms 
used for increased brightness. The speckle contrast of a sign 
can be reduced by using more than one anisotropic light 
scattering region. When the diffusing element is used in 
combination With a Waveguide to extract light, the light is 
e?iciently coupled out of the Waveguide in a thin, planar 
surface. This di?‘usive element can be coupled to a re?ecting 
element such that the resulting combination is a light re?ect 
ing element With a desired asymmetric light scattering 
pro?le that can be used to create an enhanced electrolumi 
nescent sign. 

[0042] By using anisotropic light scattering elements, one 
can more precisely control the angular spread of light, 
creating a more optically e?icient electroluminescent sign. 
Additionally, With the trend in industry to move toWard point 
light sources such as LEDs, the visible speckle contrast on 
the sign can increase and the demands on the external optical 
components are higher (such as more di?‘usion). This is 
because of the need to maintain the spatial uniformity due to 
the nature of moving from extended sources and closer to 
point sources. More than one anisotropic scattering element 
in the optical path Within the sign can improve the luminance 
uniformity and reduce the speckle contrast. When used in 
combination With Waveguide based signs, the anisotropic 
light scattering elements can optically couple light from the 
Waveguide more e?iciently that printed dots or symmetric 
di?fusers. Thus, more light is directed in the forWard direc 
tion and horizontal angles. This can reduce the costs, poWer 
requirements, speckle and volume While providing a 
designed angular vieWing range. 

[0043] One embodiment of this invention of an electrolu 
minescent sign comprises of at least one light emitting 
source, a ?rst means for displaying a ?rst set of images or 
indicia and a light transmitting region comprising a ?rst 
anisotropic scattering region comprising non-spherical dis 
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persed phase domains Within a ?rst continuous phase mate 
rial of a different refractive index Wherein the scattering 
region scatters light toWard the means for displaying indicia. 

[0044] In a further embodiment of this invention, the 
anisotropic light scattering region is contained Within a 
Waveguide region. By using a light guide containing sub 
stantially aligned asymmetric particles, more e?icient con 
trol of the light scattering can be achieved. One or more 
regions containing asymmetric particles may be used and the 
particle sizes, shapes, concentration, alignment may vary 
spatially. The light scattering regions may be substantially 
orthogonal in their axis of alignment. Alternatively, one or 
more anisotropic scattering ?lms can be used in combination 
With a light guide and a re?ector to produce an e?icient 
electroluminescent sign. The light guides may be manufac 
tured by extruding, 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 ?lms or isotropic or anisotropic scattering ?lms 
to produce a uniform anisotropic electroluminescent sign 
With a substantially uniform spatial luminance. By main 
taining more control over the scattering, the e?iciency of the 
sign is increased. The concentration of the particles may 
vary throughout the volume and also the shape of the 
particles (thus the anisotropic scattering) may vary spatially, 
such as to achieve higher luminance uniformity in the sign. 

[0045] The non-spherical particles can be added to the 
matrix material during processing or they can be created 
during manufacturing. In one embodiment, particles not 
substantially asymmetric in shape may be stretched along an 
axis after coating or during or after an extruding process 
such that they become asymmetric in shape. Other methods 
for achieving a single region of non-spherical particles in a 
region are disclosed in Us. Pat. No. 5,932,342, the text of 
Which is incorporated herein by reference. By using multiple 
layers or multi-region methods such as multiple ?lm stacks, 
co-extrusion, optical lamination, optical coupling, thermal 
bonding, multiple regions containing light scattering par 
ticles can be combined into a single light scattering element. 
The degree of stretching can control the asymmetry and thus 
achieve a desired level of anisotropic light scattering. The 
asymmetric particles may have a large variation in size 
depending on the desired level of anisotropy. Methods 
including co-extrusion, laminating, thermally bonding, etc 
can be used to achieve multiple regions containing dispersed 
phases With improved optical performance. The dispersed 
phase material may blended With the continuous phase 
material in a compounding step, a tumbling mixer, in a 
solvent blending process, or Within an extruder. 

[0046] In one embodiment of the invention, the asymmet 
ric particles in the anisotropic light scattering element are 
obtained by reducing particles in size in the x, y or other 
directions by stretching a ?lm after or during extrusion. 

[0047] In one embodiment of this invention the disperse 
domains have a refractive index npl different from the host 
matrix material refractive index nml de?ned by at least one 
of lnmxrnpxll§0.00l,]nmyl—npyl]§0.00l, or lnmzr 
npzllio?ol to provide su?icient light scattering. The dif 
ferential refractive index (AnMP) de?ned as the absolute 
value of the difference betWeen the index of refraction of the 
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matrix (nMl) and the index of refraction of the particles 
(npl), or ]nMl—np1], may be from about 0.001 to about 0.8, 
and preferably is from about 0.01 to about 0.2 in the x, y, or 
Z directions. 

[0048] It is recognized that When a ?lm is stretched that 
contains solid particles, voids can be created. These can be 
substantially linear When the ?lm is stretched along one axis. 
In this case, the disperse phase domains are gaseous (or a 
vacuum) With a signi?cantly larger refractive index differ 
ence betWeen the disperse phase domains and continuous 
phase material. This increases the scattering and can be used 
to reduce the concentration (or % volume) of the gaseous 
phase domains, reduce the thickness of the region, or 
otherWise improve the optical performance. 

[0049] When more than one type of non-spherical 
domains are used Within an anisotropic light scattering 
region, they may have a refractive index np2 in the x, y, or 
Z direction that is the same or different to that of the 
continuous phase or the dispersed phase refractive index. 
Alternatively, the matrix phase may have a different refrac 
tive index in the x, y, or Z directions (birefringent or 
tri-refringent). 

[0050] The asymmetric features, eg micro-bodies, typi 
cally are all oriented With their major axes substantially in 
one direction in the plane of the surface of the material. 
Desirably, the particles are made from a material Which is 
capable of being deformed at a processing temperature in 
order to create their non-spherical shape by stretching. The 
shape may resemble a non-spherical ellipsoid or shapes that 
have non-constant radii in the x, y, or Z direction may also 
be formed. For example, the domains may appear randomly 
shaped in one plane (amoeba-like) and substantially planar 
in a perpendicular plane. Further, the volume density of the 
particle, the average siZe and shape, and the index of 
refraction in the x, y, and Z directions may be optimiZed to 
control desired properties of the light scattering region. 

[0051] The average dimension of a dispersed domain or 
particle in the x, y, or Z direction in the matrix may be from 
about 1 um to about 30 um, preferably from about 2 pm to 
about 15 um, and most preferably from about 2 pm to about 
5 pm in the minor dimension. 

[0052] The average dimension of a dispersed domain or 
particle in the x, y, or Z direction in the matrix may be from 
about 2 pm to about 2 cm, preferably from about 5 pm to 
about 1 cm, and most preferably from about 10 um to about 
500 um in the major dimension. 

[0053] Solid dispersed phase domains in particulate form 
include suitable materials such as acrylics, polymethylacry 
lates; polystyrenes; polyethylenes; polypropylenes; organic 
acid cellulose esters such as cellulose acetate butyrates, 
cellulose acetates, and cellulose acetate propionates; poly 
carbonates; or silicones. The particles may also contain 
coatings of higher or loWer refractive index materials. In a 
preferred embodiment, polyethylene may be used. 

[0054] Other suitable materials for the transmissive micro 
bodies include those that are not deformed during the 
extrusion or manufacturing process. These include spherical 
or non-spherical materials that have ?brous, plate-like or 
other orientable shapes. These include inorganic ?brous 
material, glass ?bers, mica, silica, cross-linked polymers, 
plate-like materials, ?brous polymer materials With high 
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melting points or high glass transition temperatures. The 
micro-bodies may be aligned during the manufacturing 
process, such as alignment due to stretching or extruding the 
region containing the dispersed micro-bodies. 

[0055] The light transmitting region of the electrolumi 
nescent sign may also contain a light re-directing feature to 
re-direct a portion of the light into speci?c angular ranges. 
Typically, these are surface relief structures on one or more 
surfaces of the material. An asymmetric surface relief struc 
ture can be manufactured by techniques as described above, 
e.g., embossing. The surface relief desirably contains asym 
metrically-shaped features predominantly aligned in the 
horiZontal or vertical directions such that they refract, dif 
fract, scatter, diffuse the incident light in the horiZontal or 
vertical directions. 

[0056] The surface relief structure of the light transmitting 
region may help re?ect, dilfract, refract, or scatter light into 
a light guide. Alternatively, the surface relief structure of the 
light guide may collimate light (bring light at high angles 
toWard smaller angles toWards the normal to the exit face of 
the sign or display, for example). 

[0057] By using a vertically-oriented prismatic array as 
the surface relief structure a signi?cant amount of light can 
be directed into angles closer to the sign normal (more 
collimated). In one embodiment, the asymmetric micro 
bodies are oriented horiZontally (i.e., perpendicular to the 
prisms) so the scattering is substantially in the vertical 
direction (i.e., parallel to the prisms). 

[0058] The alignment of the asymmetric micro-bodies can 
also vary. By aligning the particles With respect to the 
prismatic structure at angles other than parallel or perpen 
dicular, other anisotropic light output pro?les can be 
achieved. The asymmetric micro-bodies Will inevitably 
cause some scattering in the minor axis. This may be 
designed to be very small, or signi?cant in order to achieve 
a desired angular light output or luminance uniformity. In 
one embodiment, the scattering in the minor axis is chosen 
to be just su?icient to diffuse the specular component of the 
light source in the plane perpendicular to major axis of the 
prismatic structure. 

[0059] Multiple-element light scattering components 
Within the electroluminescent sign in accordance With the 
invention are desirably optically coupled to one another, i.e., 
so the luminance of light passing from one region to the 
other is not substantially reduced due to Fresnel interfacial 
re?ection losses due to differences in refractive indices 
betWeen the regions. Optical coupling methods includes, but 
is not limited to, joining tWo regions having similar refrac 
tive indices, or by using an optical adhesive With a refractive 
index substantially near or in-betWeen the elements or 
layers. 

[0060] Particles that are signi?cantly smaller than the 
Wavelength of light may be added to alter the effective 
refractive index of the continuous or disperse phase 
domains. In one embodiment, the siZe of the particles are 
less than 1/10th the Wavelength of light. In a preferred 
embodiment, the siZe of the particles are less than 1/20th the 
Wavelength of light of interest such that signi?cant addi 
tional scattering (forWard or backward) does not take place. 
These particles may be symmetric, asymmetric, or random 
in shape. For example, very ?ne particles of titanium dioxide 
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may be added to a material to increase the effective refrac 
tive index of the material. The effective refractive index 
change can adjust the scattering properties of the material, 
refractive properties, and the interfacial re?ections. 

[0061] The diffusers or light scattering elements of the 
invention may also include an optional hardcoat to increase 
the scratch resistance of the element, and/or an optional 
anti-re?ective coating. The hardcoat may be any light 
transmissive support layer, such as a siloxane-based polymer 
layer. Anti-blocking, UV absorbing, anti-static and other 
coatings suitable for use With optical ?lms or materials used 
in electroluminescent signs may also be used. 

[0062] FIG. 1 is a perspective vieW of a typical prior art 
electroluminescent sign used at a bus stop. The light from 
the back-illuminated sign passes through a graphic display 
ing the text “SALE.” The light exiting the sign is directed in 
the +Z direction With a range of angles in the +x, —x, +y, and 
—y directions. A signi?cant amount of light traveling in the 
+y direction is Wasted because the light is not normally seen 
from that direction. Likewise, a signi?cant amount of light 
directed in the —y direction Where it can not be seen. 

[0063] FIG. 2 is a perspective vieW of an enhanced 
electroluminescent sign used at a bus stop. The light from 
the back illuminated sign exits the sign predominantly in the 
+x and —x directions With signi?cantly less light in the +y 
and —y directions. This anisotropic light scattering is 
achieved by using a volumetric diffusing element With 
asymmetrically-shaped particles. The asymmetrically 
shaped particles substantially scatter light in one direction (x 
direction) more than another (y direction). 

[0064] FIG. 3 is a perspective vieW of a further embodi 
ment of an enhanced electroluminescent sign used as an 
“OPEN” sign. The light from the sign is predominantly 
directed in the +Z, and x directions. These types of signs are 
typically placed at eye level and thus very little light needs 
to be directed into the +y and —y directions. While some 
light is scattered in the y directions to accommodate for 
different vieWer heights for example, most of the light can 
be directed into the x directions. This is often quanti?ed by 
measuring the Full-Width-at-Half-Maximum (FWHM) of 
the light luminance versus angle curve for a speci?c loca 
tion. In the embodiment as described in FIG. 3, the FWHM 
as measured in the x direction Will be larger than the FWHM 
in the y direction. 

[0065] FIG. 4 is a perspective vieW of another embodi 
ment of an enhanced electroluminescent sign utiliZing a light 
scattering Waveguide. The Waveguide of the sign is a volu 
metric, anisotropic scattering element that scatters light out 
of one of its faces toWard a sign graphic such as a colored 
transparency. The asymmetric particles in the volumetric, 
anisotropic scattering Waveguide are oriented in the y direc 
tion and are parallel to the linear ?uorescent bulb. Light 
scattering from the asymmetric particles are substantially 
directed in the x and Z directions. The light that is scattered 
in the —Z direction re?ects off of the re?ector the +Z direction 
and can escape the Waveguide. A portion of the light that is 
scattered in the +Z direction Will directly be coupled out of 
the Waveguide toWard the sign graphic. The volumetric 
di?‘use Waveguide has a loW level of backscatter, resulting in 
less light directed back toWard the bulb Where it can be lost. 
There is less scatter in the y direction due to the asymmetry 
in the particles. Thus, light is not scattered toWard the sides 
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Where it could escape or be directed back into the Waveguide 
at an angle that could ultimately cause the light to be 
directed back toWard the source and be absorbed. Since the 
light bulb is a substantially linear source aligned in the y 
direction, one does not need to scatter as much light in the 
y direction. Light scattered in the y direction Would not be 
used e?iciently in many sign applications. More than one 
light source at one or more edges may also be used. One or 
more of the sides or light sources may utiliZe a re?ector to 
increase e?iciency. Typically, an air gap is located betWeen 
the Waveguide and the sign graphic such that the light 
satisfying the Waveguide condition is not unnecessarily 
absorbed. Other light scattering (symmetric or asymmetric) 
or refracting elements may be optically coupled to or 
positioned near the exit surface to provide additional direct 
ing or scattering of the light. The concentration of the light 
scattering particles can vary volumetrically or spatially in a 
plane in order to create a more uniform output luminance 
distribution. 

[0066] FIG. 5 is a perspective vieW of an embodiment of 
an enhanced electroluminescent sign vieWable from oppo 
site sides utiliZing an anisotropic light scattering Waveguide. 
The sign emits light from tWo opposite faces of a volumetric, 
anisotropic scattering Waveguide before passing through the 
tWo sign graphics. The asymmetric particles in the volumet 
ric, asymmetrically diffusing Waveguide are oriented in the 
y direction and are parallel to the tWo linear ?uorescent 
bulbs. Light scattering from the asymmetric particles Will be 
substantially directed in the x and Z directions out of the 
Waveguide if the Waveguide condition is not met. 

[0067] FIG. 6 is a perspective vieW of an enhanced 
electroluminescent sign utiliZing LEDs as the light source. A 
volumetric, anisotropic scattering Waveguide is optically 
coupled to a re?ector. The asymmetric particles in the 
scattering region are oriented in the y direction and the linear 
array of LEDs is aligned in the y direction. The light from 
the LEDs is coupled into the Waveguide through one edge. 
Light from the LEDs is re?ected by the re?ector and totally 
internally re?ects Within the light scattering region When the 
Waveguide condition is satis?ed. A portion of the light that 
is scattered from the asymmetric particles is coupled out of 
the Waveguide and through the air gap and sign graphic into 
the +Z and x directions. The light that is scattered in the —Z 
direction Will re?ect off of the re?ector and be directed in the 
+Z direction. A portion of the light that is scattered in the +Z 
direction Will directly be coupled out of the Waveguide if the 
Waveguide condition is not satis?ed. The volumetric light 
scattering region has loW level of backscatter, thus less light 
is directed toWard back toWard the light source Where it may 
be absorbed. There is less scatter in the y direction due to the 
asymmetry in the particles. As a result, less light is scattered 
toWard the edges Where it could escape or be directed back 
into the Waveguide at an angle that could ultimately cause 
the light to be directed back toWard the source and be 
absorbed. More than one array of LEDs may be used in tWo 
or more edges. Single LED sources may also be used 
depending on the desired brightness and siZe of the sign. 
Arrays of light sources other than LEDs may be used. More 
than one array of light sources may be utiliZed to increase 
the brightness or uniformity. The arrays may be of predomi 
nantly one color (White for example) or they may be of 
multiple colors (red, green, and blue for example). In the 
cases Where the LED’s are not of the same color, increased 
color uniformity may be achieved by the use of one or more 
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anisotropic light scattering regions. In a one embodiment of 
this invention, an anisotropic light scattering region is dis 
posed in a light transmitting region located betWeen one or 
more of the light sources and an input surface of a region 
capable of supporting a Waveguide. The anisotropic region 
scatters light from the different colored sources such that the 
perceived color is the summation of the diffuse contributions 
from the sources. One or more of the sides and light sources 
may utiliZe a re?ector to increase e?iciency. Other scattering 
(symmetric or asymmetric) or refracting elements may be 
optically coupled to or positioned near the entrance or exit 
surface to provide additional directing or scattering of the 
light. Re?ective components including re?ective ?lms and 
re?ectors can be positioned around the light sources, or at 
one of the surfaces or edges. 

[0068] FIG. 7 is a perspective vieW of further embodiment 
of an enhanced electroluminescent sign visible from oppo 
site sides utiliZing tWo linear arrays of LEDs and a volu 
metric, anisotropic scattering Waveguide. The asymmetric 
particles in the scattering region are oriented in the y 
direction and the linear array of LEDs is aligned in the y 
direction. The light from the LED arrays is coupled into the 
Waveguide through the edges. Light from the LEDs is totally 
internally re?ected Within the light scattering region When 
the Waveguide condition is satis?ed. A portion of the light 
that is scattered from the asymmetric particles is coupled out 
of the Waveguide and through the air gap and sign graphic 
into the Z and x directions. A portion of the light that is 
scattered in the Z direction Will directly be coupled out of the 
Waveguide if the Waveguide condition is not satis?ed. The 
volumetric light scattering region has loW level of backscat 
ter, thus less light is directed toWard back toWard the light 
source Where it may be absorbed. There is less scatter in the 
y direction due to the asymmetry in the particles. As a result, 
less light is scattered toWard the sides Where it could escape 
or be directed back into the Waveguide at an angle that could 
ultimately cause the light to be directed back toWard the 
source and be absorbed. By using tWo linear LED arrays, a 
compact, high brightness electroluminescent sign e?iciently 
scatters the light in the x and Z directions. The sign can be 
thinner than signs using prismatic ?lms before the sign 
graphic to reduce the angles of diffusion along one axis. 
Single LED sources may also be used depending on the 
desired brightness and siZe of the sign. Arrays of light 
sources other than LEDs may be used. One or more of the 
sides and light sources may utiliZe a re?ector to increase 
e?iciency. Other scattering (symmetric or asymmetric) or 
refracting elements may be optically coupled to or posi 
tioned near the entrance, edges, or exit surface to provide 
additional directing or scattering of the light. The sign 
graphics may be designed to re?ect light back into the 
Waveguide in the regions corresponding to the darker areas 
of the graphic to improve light e?iciency. 
[0069] FIG. 8 is a perspective vieW of another embodi 
ment of an enhanced electroluminescent sign Wherein a 
volumetric, asymmetrically scattering region is optically 
coupled to a Waveguide and a re?ector in a sign. A sign 
graphic is spaced from the Waveguide by an air gap. The 
asymmetric particles in the scattering region are oriented in 
the y direction. A thin, asymmetric diffuser coupled to a 
re?ector alloWs the use of traditional transparent substrates 
for the Waveguide and can reduce costs. The light from the 
?uorescent bulb is coupled into the Waveguide through one 
edge. Light from the ?uorescent bulb is re?ected by the 
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re?ector and totally internally re?ects Within the Waveguide 
When the Waveguide condition is satis?ed. Light that is 
scattered from the asymmetric particles can be coupled out 
of the Waveguide into the +Z and x directions. The light that 
is scattered in the —Z direction can re?ect off of the re?ector 
back into the +Z direction Where it can be scattered again, 
escape the Waveguide, or re?ect off a re?ector or other 
surface if the Waveguide condition is satis?ed. A portion of 
the light that is scattered in the +Z direction Will directly be 
coupled out of the Waveguide. The light traveling in the y 
direction, or With some component thereof, that is coupled 
into the Waveguide and exits the Waveguide is not substan 
tially scattered further by the particles in the y direction such 
that the angular spread of light in the y direction is increased. 

[0070] FIG. 9 is a perspective vieW of further embodiment 
of an enhanced electroluminescent sign vieWable from 
opposite sides Wherein tWo volumetric, anisotropic scatter 
ing regions are optically coupled to a Waveguide. By using 
tWo volumetric, anisotropic scattering elements spaced apart 
by the Waveguide, the uniformity of the light scattering out 
of the sign is increased and the speckle contrast is reduced. 
The sign graphics are spaced from the Waveguide by air gaps 
in order to maintain a Waveguide. The asymmetric particles 
in the scattering regions are oriented in the y direction. Thin, 
anisotropic di?fusers coupled to the Waveguide scatter light 
e?iciently out of the Waveguide and through the sign graph 
ics. The light from the linear array of LEDs is coupled into 
the Waveguide through one edge. One or more anisotropic 
light scattering diffuser may be used in front of the linear 
array of LEDs or coupled to the edge of the Waveguide in 
order to make spatial luminance of the light entering the 
Waveguide more uniform in the y direction. Light from the 
LEDs totally internally re?ects Within the Waveguide When 
the Waveguide condition is satis?ed. Light that is scattered 
from the asymmetric particles can be coupled out of the 
Waveguide into the Z and x directions. A portion of the light 
that is scattered in the Z direction Will directly be coupled out 
of the Waveguide. The tWo volumetric, anisotropic scattering 
elements can also be used on opposite sides of a Waveguide 
for a sign vieWable on one side by using a re?ector on one 
side. 

[0071] FIG. 10 illustrates a perspective vieW of another 
embodiment of an enhanced electroluminescent sign 
Wherein a volumetric, asymmetrically scattering region is 
optically coupled to a tapered Waveguide and a re?ector. The 
asymmetric particles in the scattering region are oriented in 
the y direction. The light from the ?uorescent bulb is 
coupled into the Waveguide through one edge. Light from 
the ?uorescent bulb is re?ected by the re?ector and totally 
internally re?ects Within the Waveguide When the Waveguide 
condition is satis?ed. By using a tapered Waveguide, more of 
the light can escape in the regions further from the ?uores 
cent bulb. Light that is scattered from the asymmetric 
particles can be coupled out of the Waveguide into the +Z and 
x directions passing through an air gap and a sign graphic 
before reaching a vieWer. The light that is scattered in the —Z 
direction can re?ect off of the re?ector back into the +Z 
direction Where it can be scattered again, escape the 
Waveguide, or re?ect off a re?ector or other surface if the 
Waveguide condition is satis?ed. A portion of the light that 
is scattered in the +Z direction Will directly be coupled out 
of the Waveguide and pass through the sign graphic. 














