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ILLUMINATING DEVICE INCORPORATING 
A HIGH CLARITY SCATTERING LAYER 

RELATED APPLICATIONS 

This application claims the bene?t of priority under 35 
U.S.C. ll9(e) to co-pending US. Provisional Application 
No. 60/870,262, ?led on Dec. 15, 2006, the entire contents of 
Which is incorporated herein by reference. This application 
also references US. patent application Ser. Nos. 11/426, 1 98, 
ll/223,600, ll/282,55l and PCT/US05/3l276 (Publication 
Number WO 2006/026743), the entire contents of each are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The invention generally relates to an enhanced diffuser 
plate or ?lm, optical element, method of manufacture, and its 
use in illumination applications, and more speci?cally its use 
in illumination applications Where the distribution pattern of 
light onto objects is important. Architectural lighting contains 
many such applications. 

BACKGROUND 

The invention relates to the improved optical performance 
of light ?xtures and optical elements, systems and other light 
emitting devices Whose primary function is to illuminate a 
region. Light ?xtures are also commonly referred to as lumi 
naires and represent a complete lighting unit consisting of 
lamp(s) and electrical controls (When applicable), together 
With the parts designed to distribute the light, to position and 
protect the lamps, and to connect the lamps to the poWer 
supply. Within the broad ?eld of illumination, a category of 
light ?xtures exists designed for applications commonly 
referred to as architectural lighting. Applications Within the 
scope of the architectural lighting category include but are not 
limited to building facade lighting, Wall Washing, Wall graZ 
ing, architectural ?ood lighting, architectural accent lighting, 
interior large-area lighting, interior accent lighting, back 
lighting, spot lighting, cove lighting, gallery lighting, land 
scape lighting, tree lighting, structure and bridge lighting, 
sculpture lighting, and urban landscape lighting. The inven 
tion is particularly Well suited to architectural lighting and 
other applications Where control of light output is important 
in illuminating objects by spreading substantially uniform 
light onto a surface over a distance. 

LED Based Luminaires 
Within the category of architectural lighting ?xtures, solid 

state lighting (SSL) or light-emitting diode (LED) ?xtures 
utiliZe LEDs or organic LEDs (OLEDs) as light sources. The 
advantages of LEDs as light sources are Well documented and 
include long life, high e?icacy, and emission of narroW band 
colored light. For optical control over the light, the small area 
source of the light ?ux alloWs for the greater degree of control 
(more e?icient control) over the light than that from ?uores 
cent or extended light sources. Additionally, LEDs can be 
dimmed or cycled off and on Without signi?cantly adversely 
effecting performance or lifetime. Red, green, and blue LEDs 
can be connected With electronic controllers to adjust light 
output and provide a dynamic or adjusting color changing 
light output from a ?xture. 

Secondary Optics 
The output from LEDs and LEDs plus components are 

typically near-Lambertian in angular luminous intensity out 
put or have primary or secondary optics that reduce the angu 
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2 
lar intensity pro?le to a more narroW symmetrical pro?le. In 
near-Lambertian luminaries, the angular intensity pro?le 
typically distributes light to angular regions Where it is not 
desired or needed, such as the high angles. This effectively 
reduces the e?iciency because of the loss of light directed into 
the un-desired angular directions. In order to increase the 
angular intensity Within a desired angular range, typical LED 
architectural lighting ?xtures utiliZe secondary optic lenses 
that collimate light in narroW (such as a Full-Width at Half 
Maximum (FWHM) angular intensity of 12 degrees) sym 
metric beam patterns With an increased light ?ux Within an 
angular range close to the normal to the plane of emission 
(optical axis) from the LED. The narroW symmetric beam 
patterns created by the angular light redistribution (collima 
tion) through re?ection from metallic surfaces or total inter 
nal re?ections plus refraction typically have signi?cantly 
higher light intensities in the central angular regions, such as 
a Gaussian-like light intensity distribution. These collimating 
optics are designed to provide a reduced angular distribution 
(more light closer to the Zero illumination angle) and typi 
cally result in non-uniform illuminance from the non-uniform 
angular intensity. 
Custom Secondary Optics 

Secondary optics, such as re?ectors or lenses or refractors, 
positioned in close proximity to the LEDs can be designed to 
provide a more custom, uniform light intensity distribution. 
HoWever, the optics Would need to be very speci?c to the 
application; and they are costly to manufacture, requiring 
custom molds that Would likely need to be changed for each 
type of luminaire and each type of LED. Additionally, 
depending on the location of the LED in the array Within the 
luminaire, the intensity distribution may need to be custom 
iZed for each position Within the array such that the light 
distribution from each LED overlaps to create a more uniform 
color and luminance 

Light Directed Normal to the Primary Plane of Illumination 
When typical LED architectural lighting ?xtures are 

directed at an angle normal to a planar primary illumination 
surface such as a Wall, the illuminance is non-uniform, 
decreasing rapidly from the central region. For example, an 
overhead luminaire With an array of LEDs With collimating 
secondary optics directed doWnWard (normal to the ?oor) Will 
non-uniformly illuminate the ?oor by directing more light 
normal to the ?oor and less to the outer angles With a signi? 
cant, non-uniform fall-off in illuminance. 

Light Directed at an Angle to the Primary Plane of Illumina 
tion 
When luminaries are directed at an angle With respect to a 

primary illumination plane, the uniformity is not e?icient due 
to the illuminance fall-off from the Co sine LaW and the 
Inverse Square LaW. The Cosine LaW dictates that the illumi 
nance over the angle for planar surfaces decreases as l/ cosine 
(theta) from the angular spread Where theta is the angle from 
the luminaire or light source to the incidence plane normal. 
The Inverse Square LaW states that the illuminance falls off by 
l/r2 from the distance (r) betWeen the light source to the 
illumination plane. Both of these contribute to the non-uni 
formity of the illumination, and large angles and longer dis 
tances from the source create a large illuminance non-unifor 
mity. 
Ideal Illuminance Uniformity 
The illuminance spatial pro?le With the highest optical 

e?iciency is a ?at top, or step, illuminance pro?le such that 
the illuminance is constant across the area of interest. In order 
to achieve high levels of illuminance uniformity When the 
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primary plane of incidence is at an angle With respect to the 
?xture, the angular light intensity distribution should pre 
compensate for the speci?c installation or environment. This 
Would require expensive custom tooled and molded optical 
elements for each speci?c application and condition. 

Symmetric Spread Lenses 
Other lenses or diffusers are sometimes added that are 

symmetrically refractive or diffusive such that the angular 
spread of the light is increased equally along tWo primary 
orthogonal axes. This can increase the illumination unifor 
mity, but often at the expense of directing light into unWanted 
regions, thus reducing the illuminance in a desired region. 
Typically symmetric spread lenses are molded glass plates 
With prism patterns on at least one surface to refract light. The 
use of a symmetric spread lens Will convert the spot illumi 
nation into a ?ood illumination With increased uniformity and 
reduced overall illuminance in the desired regions. 

Asymmetric Spread Lenses 
Some architectural lighting ?xtures utiliZe asymmetric 

spread lenses to spread light asymmetrically such that the 
angular intensity along tWo primary orthogonal axes falls off 
more rapidly in one than the other. Asymmetric spread lenses, 
such as linear prism arrays, can be used to refract light asym 
metrically, thus spreading the light more ef?ciently than sym 
metric spread lenses; hoWever, the illuminance uniformity is 
still loW because the output from the spread lens does not 
pre-compensate to account for the Cosine LaW and the 
Inverse Square LaW. 

Conventional architectural lighting ?xtures are far from 
optimal in effectively and e?iciently distributing light onto 
target surfaces. Design tradeoffs associated With using con 
ventional light ?xture optical components make the desirable 
combination of Wide beam spread, long optical throW, and 
substantially uniform distribution unobtainable. There is a 
need for even small improvements in further optimiZing these 
parameters as Well as luminaire ef?ciency. Grierson (US. 
Pat. No. 5,727,870) discloses using curved re?ectors to 
achieve uniformity and Engel (US. Pat. No. 5,685,633) uti 
liZes an asymmetric re?ector to control light distribution. 
These re?ectors require a signi?cant amount of customiZa 
tion to enable the re?ector to provide the often unique desired 
light output for a speci?c application and light source. Also, 
the illustrated metaliZed versions are costly to manufacture. 
The cost of customiZing the shape and re?ective properties 
can be very high. With the trend toWard solid-state lighting 
Where multiple LED light sources are needed, re?ector geom 
etry can get very complicated and occupy a signi?cant 
amount of space behind and surrounding the light source. The 
e?iciency and design of the system Will often require each 
re?ector to take into account the light pro?le from the others. 
Reibling (US. Pat. No. 4,188,657) discloses light ?xtures 
With re?ectors With different surface ?nishes to achieve non 
symmetric output. These surface ?nishes are usually 
embossed, stamped, cast or formed into metal and are very 
costly to manufacture. Additionally, these features are prone 
to scratches during assembly or in uses and minor amounts of 
debris Will signi?cantly reduce their performance and clean 
ing is cumbersome due to particles trapped Within the 
recesses. Wang (US 2006/0082989) proposes an array of 
LEDs positioned asymmetrically in order to achieve a more 
uniform light distribution When directing light toWard an 
angled plane such as a Wall. This arrangement has the disad 
vantage that the total area of the array is increased this results 
in a larger and more costly light ?xture. Also, it does not 
account for the non-uniformity due to the Cosine LaW and the 
Inverse Square LaW. RiZkin et al (US 2004/0114355) 
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4 
describes the use of an LED array With collimation lenses to 
achieve a Wider light distribution due to the distribution 
lengthWise of the LEDs. Similar to Wang, this geometry has 
the restriction that the array is longer in one dimension than 
the other and the total array of light emission is increased and 
the light ?xture is increased in siZe. Harvey (US 2005018428) 
describes a re?ector designed to asymmetrical direct light 
onto a panel. This uses one or more complex re?ectors that are 
costly to produce and are custom for each application. 
Wijbenga et al. (US. Pat. No. 6,568,835) describes the use of 
facetted parabolic re?ectors to generate an asymmetric light 
pro?le. These are also very customiZed and expensive to 
produce. 

SUMMARY 

Embodiments of the present invention provide improved 
light-diffusing ?lms, plates, and lenses that can be used in 
light ?xtures to control the distribution of light onto illumi 
nated objects such as Walls, sculptures, and landscaping. 
Compared to traditional symmetrical or asymmetrical diffus 
ers or secondary lenses, the uniformity of illumination upon a 
target object is signi?cantly increased by an optical element 
disposed betWeen the light source and the illumination plane. 
The element modi?es light to improve the illuminance uni 
formity by improving the pre-compensation for illuminance 
fall-off due to the Cosine Square LaW and the Inverse Square 
LaW. For a given beam spread that distributes light perpen 
dicular to the beam direction, the optical throW is greatly 
increased, resulting in more light distributed on the target 
surface in the beam direction. Additionally, the luminaire 
e?iciency is improved by increasing the total light ?ux inci 
dent upon an illuminated target from a light ?xture. Embodi 
ments of the invention alloW loWer energy consumption in an 
individual ?xture by effectively illuminating more area With 
less electrical poWer. The improved output of individual ?x 
tures in a multi-?xture lighting system may alloW for the use 
of feWer ?xtures resulting in loWer system costs. The 
improved solution is a thin, loW-cost solution With improved 
performance over similar systems With spread lenses. 
The described performance improvements in lighting 

applications are due to the unique angular scattering pro?les 
of the volumetric, asymmetric polymer components With 
increased clarity. By orienting the major asymmetric diffu 
sion plane substantially perpendicular to the illuminated sur 
face a Wide beam spread incident upon the target surface is 
achieved With improved illuminance uniformity. Addition 
ally, a signi?cant portion of the light is alloWed to pass 
through the volumetric asymmetric diffuser Without being 
scattered. This increases the distance betWeen the ?xture and 
the center of the beam pattern and alloWs a unique combina 
tion of Wide beam spread, large optical throW, and substan 
tially uniform intensity distribution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a traditional LED light 
?xture. 

FIG. 2 is a perspective vieW of one embodiment of a light 
?xture using an enhanced lens plate. 

FIG. 3 is a perspective vieW of one embodiment of a light 
?xture using an LED enhanced secondary optic lens. 

FIG. 4 is an intensity versus angle distribution in both the 
horiZontal and vertical direction for a volumetric, asymmetric 
optical ?lm utiliZed in the invention 

FIG. 5 shoWs the experimental setup used in verifying the 
improved performance of the invention. 
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FIG. 6 is a beam pattern illustrating the parameters used in 
analyzing luminaire performance. 

FIG. 7 is the horizontal and vertical cross section of the 
illuminated pattern comparisons among different con?gura 
tion. 

FIG. 8 is a table shoWing light ?xture performance char 
acteristics of an embodiment of the invention (column d) vs. 
other typical con?gurations. 

FIG. 9 is a table shoWing diffuser performance character 
istics of an embodiment of the invention (Fusion Optix MOD 
LensTM) vs. tWo typical commercial diffusers. 

DETAILED DESCRIPTION 

The features and other details of particular embodiments 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 illustrations are not draWn to scale in order to 
illustrate particular features and properties. The principal fea 
tures of this invention can be employed in various embodi 
ments Without departing from the scope of the invention. All 
parts and percentages are by Weight unless otherWise speci 
?ed. 

DEFINITIONS 

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

“Diffuse” and “diffusing” as de?ned herein includes light 
scattering or diffusion by re?ection, refraction or diffraction 
from particles, surfaces, or layers or regions. 

“Diffuser Plate” and “Diffuser Film” and “Diffuser” are 
referred to herein as optical elements that provide a scattering 
or diffusion property to one or more light rays. The change in 
angle of a light ray may be due to refraction, internal forWard 
and backWard scattering, or diffraction. As suggested here a 
diffuser plate (or ?lm) may be thin and may incorporate many 
layers or regions providing different properties. A diffuser 
plate may incorporate other features or materials in the vol 
ume or on one or more surfaces that impart a desired optical, 

thermal, mechanical, electrical, or environmental perfor 
mance. 

“Optical throW” as de?ned herein refers to the linear dis 
tance from the light ?xture or light source to the region With 
the largest illuminance in the illumination pattern. 

“Optically coupled” is de?ned herein as condition Wherein 
tWo regions or layers are coupled such that the intensity of 
light passing from one region to the other is not substantial 
reduced by Fresnel interfacial re?ection losses due to differ 
ences in refractive indices betWeen the regions. “Optical cou 
pling” methods include methods of coupling Wherein the tWo 
regions coupled together have similar refractive indices or 
using an optical adhesive With a refractive index substantially 
near or in-betWeen the regions or layers. Examples of “Opti 
cal 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 refrac 
tive indices. Thermal transfer is another method that can be 
used to optically couple tWo regions of material. 

“Anisotropic ratio” as de?ned herein refers to the ratio 
betWeen the FWHM diffusion angle in the machine direction 
of a diffuser ?lm and the FWHM diffusion angle in the axis 
perpendicular to the machine direction. 

“See through” as de?ned herein refers to the phenomenon 
that can be described differently depending on the context. 
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6 
When one refers to scattering or diffusion in a diffractive 
sense, one can speak of diffraction orders, although for tra 
ditional symmetric and asymmetric diffusive mediums the 
non-Zero diffractive orders do not have Well-de?ned angular 
ranges. HoWever, one can refer to the un-deviated light as the 
Zero order When passing through a diffuser. One may refer to 
“see through” as the Zeroth ordered light that is un-scattered 
or un-diffracted after passing through a diffusing medium. A 
perfectly clear ?lm Will be referred to as having signi?cant 
see-through and a haZy ?lm Will be referred to as having little 
or no see-through. See through is also commonly referred to 
as specular transmission. 

“Clarity” is de?ned as the ratio of the amount of unscat 
tered light to transmitted light expressed as a percentage using 
a ring sensor at the exit port of a haZe meter as de?ned by 
ASTM D1003 standard and BYK documentation referring to 
Transmission, HaZe, and Clarity de?nitions. The relation 
betWeen the amount of unscattered light (IC-IR) and trans 
mitted light (IC+IR) is expressed in percentage or 

(1c - IR) 
Clarity: 100%- — 

(1C — IR) 

Where the light intensity in the inner ring is IC and the inten 
sity of the light in the outer ring sensor is IR. Clarity generally 
refers to the amount of loW-angle scattered light. It is used 
here as one metric to quantify “see through.” The Clarity 
measurement effectively describes hoW Well very-?ne details 
can be seen through the optical element. The see-through 
quality is determined in an angle range smaller than 2.5 
degrees and the measurement of clarity depends on the dis 
tance betWeen sample and observed object. 

“Uniformity” is de?ned as one minus the standard devia 
tion divided by the arithmetic average of the values. An ideal 
sample With perfect uniformity Will have a uniformity value 
of 1. 

“Illumination Uniformity” is de?ned as the uniformity of 
the illuminated area. 

“Illuminated area” is de?ned as the area enclosed by the 
boundary Where the intensity of the illumination falls to 50% 
of its peak value. 

“Hot spot” refers to local ?uctuations that have signi?cant 
luminance differences (contrast) betWeen tWo neighboring 
regions. 

FIG. 1 is a perspective vieW of a traditional LED light 
?xture using LEDs With secondary lens 102 embedded Within 
a rigid construct 101. The LEDs are placed in a linear or 
matrix array. The output pro?le of the light 103 can only be 
controlled by the geometry, material of the secondary lens, 
and other optical elements. As the array siZes increase, this 
approach may be costly and dif?cult to implement to accom 
modate a custom light pro?le distribution. Moreover, the 
symmetric output of the LED array With the secondary lens 
Will not be su?icient in a case Where a highly uniform and 
long optical throW light distribution is needed as in a typical 
architectural lighting application. 

FIG. 2 is a perspective vieW of one embodiment of a LED 
light ?xture using an enhanced lens plate. The enhanced lens 
plate 202 includes a clear polycarbonate sheet With a high 
clarity anisotropic volumetric diffuser optically coupled to 
one surface of the sheet. The enhanced lens plate is placed on 
top of the Whole LED array 201 as one unit. Light exiting the 
LEDs incident on the enhanced lens plate 202 Will be scat 
tered preferentially in one direction 205 . As illustrated in FIG. 
2, the asymmetrically shaped particles 203 in the volumetric 
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anisotropic scattering diffusion ?lm are oriented in the y 
direction. Thus, the light from the LED directed through the 
enhanced lens plate 202 Will scatter into higher angles in the 
x-z plane than the y-z plane. The volumetric anisotropic dif 
fuser also has a loW level of backscatter, thus less light is 
directed back toWard the light source Where it could be 
absorbed. The enhanced lens plate 202 can be rotated to 
different orientations to achieve a range of output light pro 
?les. One or more diffusers With different optical properties, 
such as diffusion angle, anisotropic ratio, transmission or 
clarity can be substituted or stacked to achieve different sys 
tem output light pro?les. 

In one embodiment of this invention, a su?iciently rigid 
anisotropic volumetric diffuser is located Within a light ?x 
ture Without a substrate. In a further embodiment of this 
invention, a substrate With design surface relief features on 
either or both surfaces may be employed to increase the 
forWard transmission. The surface relief features may be lin 
ear, random, array, or some combination of these and other 
optical refraction, diffraction, or scattering features. 

FIG. 3 is a perspective vieW of one embodiment of a LED 
light ?xture using a LED enhanced secondary optics lens. The 
LED enhanced secondary optics lens is an anisotropic volu 
metric diffusion ?lm 303 With an improved light scattering 
distribution optically coupled onto the top output surface of 
the individual LED 302. In contrast to the conventional sec 
ondary optics, the use of anisotropic volumetric diffusion 
?lms redirects the light coming from the LED die and trans 
mits more light through the narroW angular range. In one 
embodiment, the anisotropic volumetric diffuser has a high 
haze. The different LEDs in the array or ?xture could have 
different ?lms attached With different optical properties to 
achieve desired results. These could include optical ?lms or 
components such as collimation ?lms, light re-directing 
?lms, louver ?lms, re?ective polarizers, polarization sensi 
tive anisotropic scattering ?lms, color compensation ?lms, 
birefringent ?lms, retarders, and other optical ?lms knoWn to 
be used in displays and light ?xtures. In another embodiment 
of this invention anisotropic volumetric diffusion ?lms are 
optically coupled onto the top output surfaces of a secondary 
optics of the individual LEDs. Normally, the existing second 
ary optics collimate the light and generate hotspots Where 
removal of such high intensity regions through custom sec 
ondary optics is expensive. In an application Where unifor 
mity or a different illuminationpattern is desired, attaching an 
anisotropic ?lm With high clarity can be utilized along With a 
Wide range of LEDs and a collimating secondary optic 
designed for the LED. This alloWs one to use the same LED 
and associated collimating secondary optic in combination 
With a volumetric anisotropic diffuser that is chosen for the 
speci?c application. The diffusers are interchangeable among 
many different applications. The addition of the single or 
multiple ?lms through optical coupling or af?xing or mount 
ing separately to the secondary optics Will generate e?icient 
light-intensity pro?les and increased spatial-luminance uni 
formities in the ?xture. In a further embodiment of this inven 
tion, ?lms having different light-scattering and directing 
properties are coupled to the secondary optic in tWo or more 
LEDs in an array. By choosing different optical scattering 
pro?les for different regions, further customization of the 
total cumulative light output from the light-emitting device 
can be achieved at a loW cost. 

The anisotropic volumetric diffusion ?lm may also vary 
depending on the location Within the LED array. Films With 
different optical properties, such as diffusion angle, anisotro 
pic ratio, transmission or clarity, can be substituted in loca 
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8 
tions along the arrays in combination With or With secondary 
lenses in order to achieve a diverse system output light pro?le. 

Particular embodiments of the present invention are illus 
trated in the folloWing Example(s). The folloWing examples 
are given for the purpose of illustrating the invention, but not 
for limiting the scope or spirit of the invention. 

Example 1 

An enhanced lens plate of a LED light ?xture for architec 
tural lighting is constructed as illustrated in FIG. 2. An aniso 
tropic diffusion ?lm of diffusion angles of 27°><6° (FIG. 9) is 
placed on top of a LED-array light ?xture. FIG. 4 shoWs the 
horizontal 402 and vertical 403 cross section of the anisotro 
pic diffusion ?lm used. The see through property can be seen 
as narroW region 401 of the horizontal pro?le 402 in FIG. 4. 
This ?lm diffused the incoming light and substantially trans 
mitted the head-on specular component. This effect is best 
illustrated in the horizontal cross section as a sharp peak 401 
seen at the center of the diffusion pro?le 402. 
The illumination pattern has high illumination uniformity 

and a large optical throW due to the anisotropy and its see 
through properties. 

To illustrate and quantify the effect of the present inven 
tion, an illumination test setup is constructed. Referring to 
FIG. 5, an illumination test comparison setup comprises the 
LED light ?xture 501, a Lambertian re?ecting surface 504 
and a CCD camera 507 for detection. The illuminating sur 
face of the LED ?xture is tilted 10 degrees toWards the Lam 
bertian re?ecting surface from the horizontal to simulate a 
typical Wall Washing application. The Lambertian surface’s 
optical characteristics correspond to that of a typical White 
Wall. The CCD camera is positioned to represent a vieWing 
position of a vieWer for such application. TWo symmetric 
diffuser ?lms Were also tested along With the said asymmetric 
volumetric diffuser for comparative examples. FIG. 6 illus 
trates the different geometrical illumination parameters mea 
sured. Optical and geometrical parameters such as optical 
throW 603, horizontal 605 and vertical beam spread 604, 
illumination uniformity and average luminous intensity are 
measured. The results are summarized in FIG. 8. In addition, 
cross sectional pro?les of the illuminated pattern are plotted 
in FIG. 7. 
The plots in FIG. 7 represent the light pro?le projected onto 

a White Wall or otherWise diffusely re?ecting structure. The 
horizontal cross sections (701, 702, 703, and 704) and the 
corresponding vertical cross sections (705, 706, 707, 708) are 
the measured intensities across a uniform, White, substan 
tially Lambertian re?ective Wall. The horizontal cross-sec 
tions are the intensities measured along a horizontal line 
centered vertically along the Wall. The vertical cross sections 
are the intensities measured along a vertical line centered 
horizontally. A high intensity portion of a curve With loWer 
intensities on either side, such as the central portion of 701, 
Will appear as a hot-spot or high intensity region of non 
unifor'mity. The horizontal cross section 701 and the vertical 
cross section 705 are the intensities of the light pattern along 
a horizontal and vertical line, respectively, of the light pro 
jected onto the Wall by standard 16 degree optics on an LED 
array, as shoWn in the picture in FIG. 8(a). The horizontal 
cross section 702 and the vertical cross section 706 are the 
intensities of the light pattern along a horizontal and vertical 
line, respectively, of the light projected onto the Wall by 
standard 16 degree optics plus an additional 20 degree sym 
metrical diffuser on an LED array as shoWn in the picture in 
FIG. 8(6). The horizontal cross section 703 and the vertical 
cross section 707 are the intensities of the light pattern along 
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a horizontal and vertical line, respectively, of the light pro 
jected onto the Wall by standard 16 degree optics plus an 
additional 40 degree symmetrical diffuser on an LED array as 
shoWn in the picture in FIG. 8(0). The horizontal cross section 
704 and the vertical cross section 708 are the intensities of the 
light pattern along a horiZontal and vertical line, respectively, 
of the light projected onto the Wall by standard 16 degree 
optics plus an additional 27 degrees by 6 degrees anisotropic 
diffuser on an LED array as shoWn in the picture in FIG. 8(d). 
A traditional LED light ?xture (FIG. 1) With narroW sec 

ondary optics 103 and no other optical enhancement compo 
nents Will produce an oval shaped pattern onto the Wall as 
seen in FIG. 8. The hotspots in the center of the illuminating 
pattern and the narroW oval shape pattern are highly undesir 
able for a Wall Washing application. The hotspot in the center 
is also apparent in the vertical cross sectional plot 705 of this 
con?guration. The illumination uniformity of such ?xture 
con?guration is 71%. In an effort to Widen the diffusion 
pattern, tWo different symmetric diffusers Were integrated 
into the LED light ?gure as illustrated in FIG. 2. The ?rst 
symmetric diffuser utiliZes surface features to scatter the light 
and the second symmetric ?lm uses volumetric optical ele 
ments to generate the diffusion. The diffusion angles for these 
tWo ?lms are 20°><20° and 40°><40°, respectively. Due to the 
increased diffusion from the use of symmetric diffusers, the 
tWo diffusers excessively broaden the beam in the vertical 
direction that decreases the optical throW 706 and 707 and a 
hotspot is still apparent 702 and 703. The effect of using 
symmetric diffusers decreases the overall illuminated unifor 
mity to 67% and 63%, respectively. 

In a further embodiment, the enhanced lens plate Was 
manufactured by adhering a volumetric asymmetric diffusion 
?lm With a specular transmission component onto a clear 
substrate of polycarbonate. The lens plate 502 is then applied 
in the same illuminating setup discussed above. The diffusion 
?lm Was placed in an orientation to Widen the horiZontal 
pro?le of the illuminated beam on the Wall. The specular 
transmission component (“see through”) of the ?lm 401 
enhances the optical throW over the tWo previous con?gura 
tions that use symmetric diffuser ?lms (29" vs. 13" and 6"). In 
examining the illuminated cross section, the preferred 
embodiment has a substantially ?at illumination pro?le in the 
vertical direction from a distance of 3" to 30" 708. The hori 
Zontal cross section is also broader 704 Which Will result in a 
more uniform illumination pattern. The calculated illumina 
tion uniformity improved from 71% (no enhanced plate) to 
88%. With the improved uniformity, one or more such LED 
?xtures With the enhanced lens plate attached can be placed 
side by side to produce a broader ?at illumination pattern on 
the Wall in a tiling con?guration. 

The properties and the composition of an embodiment the 
diffusion ?lm Will noW be discussed. A light-scattering ?lm 
With anisotropic scattering pro?le Was prepared by blending 
and extruding a mixture of 70% polyester and 30% polyeth 
ylene into a ?lm and stretching the ?lm to achieve asymmetric 
dispersed phase domains Within a 76 micron region, as 
described in Us. Pat. No. 5,932,342. As shoWn in FIG. 4, 
collimated light passing through this ?lm preferentially scat 
ters more in the horiZontal direction than in the vertical direc 
tion. A method of making the ?lm is in accordance With 
published US Patent Application US2006005 6021A1. FIG. 9 
compares the optical properties of this anisotropic volumetric 
diffuser ?lm With the other tWo symmetric diffuser ?lms used 
in this Example. The anisotropic diffuser ?lm used is thinner, 
has a higher anisotropic ratio, and a higher clarity value. 
Another unique feature of this diffuser ?lm is the see-through 
phenomenon. In looking at the horiZontal cross-section plot 
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10 
of this ?lm, there is a general haZe or diffusion component 
With a sharp specular component at the center. This alloWed 
the system to have signi?cant diffusion While maintaining 
some head-on loW angle transmission. Clarity is one metric 
used to quantify the “see through” phenomenon. The pro 
posed ?lm has a higher clarity value than the symmetric 
alternatives. Other methods for quantifying the see through 
include computing the ratio of the average intensity from a 
scattering pro?le curve along one or more axes Within a small 
central angular range centered around 0 degrees to the aver 
age intensity along an angular range 1 or more degrees larger 
than the central range. In one embodiment, the central angular 
range is chosen from one of the folloWing angles: —4° to 4°, or 
—3° to 3°, or —2° to 2°. In particular embodiments of this 
invention, this ratio is greater than 1.25, 1.5, 2, 3, 4, or 5. In 
additional embodiments of this invention, the improved per 
formance is generated from a volumetric anisotropic diffuser 
With a ratio of clarity to diffusion (C/H ratio) greater than 
0.05, 0.1, 0.2, 0.3, 0.4, or 0.5. 

In a further embodiment of this invention, improved illu 
minance uniformity can be achieved e?iciently With an aniso 
tropic volumetric diffuser that is oriented at an angle, theta, to 
the primary illuminance plane. The fall-off due to the Inverse 
Square LaW Will generally create a higher intensity region at 
the loWerportion of the Wall since it is a shorter distance to the 
light source. In one embodiment of this invention, the diffuser 
is oriented at an angle, theta, to the Wall, such that the light 
from the light source to the loWer (or closer) region of the Wall 
Will effectively pass through an effectively thicker region of 
the diffuser due to a steeper angle of incidence. Since the light 
Will pass through an effectively thicker diffuser, this light Will 
be scattered more than the light from the light source directed 
to the upperpor‘tion (or further) region of the Wall because this 
travels a shorter distance through the diffuser. In a further 
embodiment of this invention, theta is an angle betWeen 5 
degrees and 85 degrees. In a another embodiment of this 
invention, the angle, theta, is chosen from a set of angular 
ranges consisting of 10 to 80 degrees, 20 to 70 degrees, 30 to 
60 degrees and 40 to 50 degrees. In a further embodiment, a 
substantially planar array of LEDs is used as a light source 
and the diffuser is oriented at an angle, alpha, to the optical 
axis of one or more of the emitting LEDs such that alpha is 
betWeen 5 and 85 degrees. In a another embodiment of this 
invention, the angle, alpha, is chosen from a set of angular 
ranges consisting of 10 to 80 degrees, 20 to 70 degrees, 30 to 
60 degrees and 40 to 50 degrees. In one embodiment, the 
angle, gamma, of the substantially planar anisotropic volu 
metric diffusing region relative to the primary illumination 
surface is selected from gamma>30°, gamma>40°, 
gamma>50°, gamma>60°, gamma>70°, or gamma>80°. 

Additionally, embodiments of the invention provide 
greater transmission of light resulting in ef?ciency improve 
ment because the high clarity increases the forWard transmis 
sion relative to a traditional volumetric anisotropic diffusing 
region. Also, embodiments of the invention provide greater 
optical throW by alloWing a signi?cant portion of light to be 
transmitted Without scattering. 
The improved diffuser ?lm, plate, or lens may contain one 

or more asymmetric light scattering regions containing asym 
metric particles that may vary betWeen 0.1 and 100 microns in 
siZe in the smaller dimension. The light-scattering regions 
may be substantially orthogonal or parallel in their axis of 
alignment. The diffuser ?lm, plate or lens may alloW a sig 
ni?cant portion of light to transmit Without scattering. The 
invention can be used in combination With components, lay 
ers, or features including diffusers, collimating ?lms, light 
sources, re?ectors, lenses, and other knoWn elements of a 
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lighting ?xture to e?iciently produce desirable distributions 
of light in architectural lighting applications. For architec 
tural lighting applications, desirable distributions typically 
have more uniformity and optical throW than typically achiev 
able With conventional light ?xture optics. 

The optical element used in the light ?xture of one embodi 
ment of this invention may be manufactured by extrusion or 
casting techniques and may be embossed, stamped, or com 
pression molded in a suitable ?lm or diffuser plate material 
containing asymmetric particles substantially aligned in one 
direction. The diffuser ?lm, plate, or lens may be used With 
one or more light sources, re?ectors, collimating ?lms or 
symmetric or asymmetric scattering ?lms to produce a light 
?xture. Embodiments of the invention fabricated as ?lm can 
be laminated or otherWise attached to plates, re?ectors, or 
primary or secondary lens components used in light ?xtures 
and solid state light ?xtures. In this manner a ?lm embodi 
ment of the invention can be converted into a transmissive 
plate, re?ector, or molded lens component. Embodiments of 
the invention fabricated as ?lm can also be converted to a 
molded optical component by insert molding. Transmissive 
embodiments of the invention can be converted to re?ective 
embodiments by the addition of a re?ective surface by coat 
ing or lamination. 

In describing embodiments of the invention, speci?c ter 
minology is used for the sake of clarity. For purposes of 
description, each speci?c term is intended to at least include 
all technical and functional equivalents that operate in a simi 
lar manner to accomplish a similar purpose. Additionally, in 
some instances Where a particular embodiment of the inven 
tion includes a plurality of system elements or method steps, 
those elements or steps may be replacedWith a single element 
or step; likeWise, a single element or step may be replaced 
With a plurality of elements or steps that serve the same 
purpose. Further, Where parameters for various properties are 
speci?ed herein for embodiments of the invention, those 
parameters can be adjusted up or doWn by 1/20th, 1/1oth, 1/5th, 
16m’, 1/2, etc, or by rounded-off approximations thereof, Within 
the scope of the invention unless otherWise speci?ed. More 
over, While this invention has been shoWn and described With 
references to particular embodiments thereof, those skilled in 
the art Will understand that various substitutions and alter 
ations in form and details may be made therein Without 
departing from the scope of the invention; further still, other 
aspects, functions and advantages are also Within the scope of 
the invention. The contents of all references, including pat 
ents and patent applications, cited throughout this application 
are hereby incorporated by reference in their entirety. The 
appropriate components and methods of those references 
may be selected for the invention and embodiments thereof. 
Still further, the components and methods identi?ed in the 
Background section are integral to this disclosure and can be 
used in conjunction With or substituted for components and 
methods described elseWhere in the disclosure Within the 
scope of the invention. 
What is claimed is: 
1. An illumination device comprising: 
a) at least one light emitting source; 
b) a volumetric light scattering layer disposed to receive 

light from the light source, 
c) said volumetric light scattering layer having a specular 

transmission component of greater than 5%, 
d) said volumetric light scattering layer having a clarity 

greater than 8%, 
Whereby an illumination pattern generated by said illumina 
tion device incident upon a three dimensional object or a 
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12 
substantially planar surface is increased in either uniformity 
or optical throW or both uniformity and optical throW. 

2. The illumination device of claim 1 Wherein the light 
?xture has an illuminance uniformity in the illuminated area 
of greater than 80%. 

3. The illumination device of claim 1 Wherein the light 
scattering layer anisotropically scatters light. 

4. The illumination device of claim 1 Wherein the light 
scattering layer has a haZe greater than 90%. 

5. The illumination device of claim 1 Wherein at least one 
light source is a light emitting diode. 

6. The illumination device of claim 5 Wherein at least one 
light source is an array of light emitting diodes. 

7. The illumination device of claim 1 Wherein at least one 
light source is an organic light emitting diode. 

8. The illumination device of claim 1 Wherein the illumi 
nation device is a light ?xture. 

9. The illumination device of claim 8 Wherein the illumi 
nation device is an architectural light ?xture. 

10. The illumination device of claim 1 further comprising 
a substantially non-scattering Waveguide Wherein the illumi 
nation device is substantially planar and the optical axis of at 
least one light source is substantially parallel With the light 
scattering layer and incident on at least one edge of the 
Waveguide such that it is arranged in an edge-illuminated 
con?guration. 

11. An illumination device comprising: 
a) at least one light emitting source; 
b) a volumetric light scattering layer disposed to receive 

light from the light source; 
c) said volumetric light scattering layer having a specular 

transmission component of greater than 5%, 
d) said volumetric light scattering layer having a clarity 

greater than 8%, 
e) a secondary optic disposed in an optical path betWeen at 

least one light source and the light scattering layer 
Wherein the secondary optic increases the collimation of 
the light from the light source in at least one plane; 

Whereby an illumination pattern generated by said illumina 
tion device incident upon a three dimensional object or a 
substantially planar surface is increased in either uniformity 
or optical throW or both uniformity and optical throW. 

12. The illumination device of claim 11 Wherein the sec 
ondary optic collimates the light in tWo orthogonal planes to 
a full-Width-half maximum of less than or equal to 16 
degrees. 

13. The illumination device of claim 11 Wherein the light 
?xture has an illuminance uniformity in the illuminated area 
of greater than 80%. 

14. The illumination device of claim 11 Wherein the light 
scattering layer anisotropically scatters light. 

15. The illumination device of claim 11 Wherein the light 
scattering layer has a haZe greater than 90%. 

16. The illumination device of claim 11 Wherein at least 
one light source is a light emitting diode. 

17. The illumination device of claim 16 Wherein at least 
one light source is an array of light emitting diodes. 

18. The illumination device of claim 11 Wherein at least 
one light source is an organic light emitting diode. 

19. The illumination device of claim 11 Wherein the illu 
mination device is a light ?xture. 

20. The illumination device of claim 19 Wherein the light 
?xture is an architectural light ?xture. 


