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SELECTING A MATRIX MATERIAL, A FIRST DISPERSION
MATERIAL THAT IS CAPABLE OF DEFORMATION
AT A PROCESS TEMPERATURE, AND A SECOND
A200
DISPERSION MATERIAL THAT IS SUBSTANTIALLY
INCAPABLE OF DEFORMATION AT THE PROCESS
TEMPERATURE

I
DISPERSING THE FIRST DISPERSION MATERIAL
AND THE SECOND DISPERSION MATERIAL IN THE
MATRIX TO FORM A MIXTURE COMPRISING THE
MATRIX, THE FIRST DISPERSION MATERIAL
AND THE SECOND DISPERSION MATERIAL

A210

I

FORMING A SHEET OF MATERIAL FROM THE MIXTURE ———220

I
STRETCHING THE SHEET OF MATERIAL AT THE
PROCESSING TEMPERATURE ALONG AN AXIS IN THE
PLANE OF THE SHEET OF MATERIAL SUCH THAT THE
FIRST DISPERSION MATERIAL IS DEFORMED
ALONG THE AXIS

FIG. 6

H230
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PROJECTION SCREEN MATERIAL AND
METHODS OF MANUFACTURE

DESCRIPTION OF THE DRAWINGS

The invention is pointed out With particularity in the
appended claims. The draWings are not necessarily to scale,

RELATED APPLICATION

emphasis instead generally being placed upon illustrating

This application claims the bene?t of copending US.
Provisional Patent Application Serial No. 60/058,365, ?led
Sep. 10, 1997, the entire disclosure of Which is incorporated
by reference herein.

the principles of the invention. The advantages of the

FIELD OF THE INVENTION

invention described above, as Well as further advantages of
the invention, may be better understood by reference to the
10

FIG. 1 is a graph depicting the intensity of a planar
imperfect diffuser over a range of angles relative to an axis

The invention relates generally to a light-transmissive
material and methods of manufacture and more speci?cally

orthogonal to the plane of diffuser;
FIG. 2 is a schematic cross-sectional side vieW of an

to the use of such a material in a rear projection screen.
15

FIG. 3 is a schematic cross-sectional side vieW of another
embodiment of a light-transmissive material constructed in

Light-transmissive materials Which are suitable for rear

the gain of the screen. There exists a need to provide loW

accordance With the present invention;
20

cost light-transmissive materials in Which the vertical angle
of vieW and the horiZontal angle of vieW may be optimiZed
independently of one another.
The present invention addresses these needs.

siZe for a light-transmissive material constructed in accor
25

A light-transmissive material has been developed Which

provides increased light-transmissive properties. The light
30

particles to provide the increased light-transmissive proper
transmissive material of the present invention exhibits high

gain, high contrast, loW scintillation, and optimal horiZontal

a plurality of spheroidal dispersive particles disposed Within
the matrix. The ellipsoidal particles typically have their
major axes oriented substantially orthogonal to the direction

35

FIG. 6 is a ?oWchart diagram illustrating a method of
forming a sheet of light-transmissive material in accordance
With the present invention.
Like reference characters in the respective draWn ?gures

indicate corresponding parts.

In order to more clearly and concisely describe the subject
matter of the claims, the folloWing de?nitions are intended
to provide guidance as to the meaning of speci?c terms used

in the folloWing Written description, examples and appended
claims. Furthermore, US. patent application Ser. No.
40

at Which the material Will be vieWed. The tWo distinct

particle types each independently contributes to the overall
performance of the material.
In another embodiment of the invention, the light

dance With the present invention; and

DETAILED DESCRIPTION OF THE
INVENTION

ties. When used in a rear projection screen, the light

and vertical angles of vieW.
The light-transmissive material generally includes a
matrix and a plurality of ellipsoidal dispersive particles and

FIG. 4 is a schematic cross-sectional side vieW of another
embodiment of a light-transmissive material constructed in

accordance With the present invention;
FIG. 5 is a graph depicting volume density versus particle

SUMMARY OF THE INVENTION

transmissive material of the invention uses tWo distinct

embodiment of a light-transmissive material constructed in

accordance With the present invention;

BACKGROUND OF THE INVENTION

projection screens typically sacri?ce the vertical angle of
vieW in order to optimiZe the horiZontal angle of vieW and

description taken in conjunction With the accompanying
draWings, in Which:

08/962,743, ?led Nov. 3, 1997 noW abandoned, describes in
detail, various materials and methods applicable to the

present invention and is incorporated herein by reference.
As used herein the term “gain” means a ratio of the

maximum intensity of light transmitted through a light
45

transmitting material in a given direction relative to the

transmissive material includes a light channeling contrast

intensity of light transmitted through a theoretically perfect

enhancement layer. The light channeling contrast enhance
ment layer permits vieWing under high ambient light con

particular sheet of material, a knoWn amount of light is

ditions.
The light-transmissive material can be economically
manufactured using methods of the invention. In a broadest
form of the method, an appropriate matrix material, a ?rst

diffuser in the same direction. To measure the gain of a

supplied to the sheet, and the maximum intensity of light
50

substantially spheroidal dispersion material and a second
dispersion material are combined to form a mixture. The

second dispersion material is capable of being deformed into
ellipsoidal dispersive particles at an appropriate processing

55

temperature. Subsequent to mixing, a sheet of material
typically is formed from the mixture, heated to the process
ing temperature and stretched along an axis to produce the

light-transmissive material of the invention. By stretching

60

the material, the second dispersive material is deformed into

transmitted through the sheet is measured using a standard
luminance meter. The maximum intensity of light measured
is then compared to a theoretically “perfect” diffusive mate
rial. FIG. 1 is a graph depicting the intensity of light
transmitted through a planar imperfect diffuser over a range
of angles measured relative to a direction orthogonal to the
plane of the diffuser.

The gain for the imperfect diffuser depicted is the value of
the maximum intensity (MI) divided by the value of the
intensity of the theoretically perfect diffuser (line TP). For a
theoretically perfect diffusive material, providing one foot
candle (10.76 lumen/m2) of illumination to the material

ellipsoidal particles While the ?rst dispersive material
remains substantially spheroidal, thereby providing the tWo

results in the transmission of one footlambert of luminance

particle types embedded in the matrix for enhanced perfor

maximum intensity of luminance transmitted by a material
is equal to one footlambert, its gain With respect to a
theoretical diffuser is 1.0 for that angle of transmission. For

mance.

The invention Will be understood further upon consider

ation of the folloWing draWings, description and claims.

at all angles of transmission (line TP). Therefore, if the
65

imperfect diffusers (line ID) the gain Will be maximum (MI)
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and larger than 1 for a viewing direction orthogonal to the
plane of the diffuser.

The oriented ellipsoidal particles 18 act as individual

lenses to preferentially refract the light passing through it in
the horiZontal direction resulting in an increased the hori
Zontal AOV relative to a screen not having the ellipsoidal
particles. This is generally achieved at the expense of the

This means that the screen is brighter When vieWed

orthogonal to the plane than at other angles. Because the
light transmitted by the material can never be more than the

vertical refraction of light, and thus, the vertical angle of

amount of light supplied, less light must be transmitted at

vieW. Therefore, as discussed in greater detail beloW, the
addition of the spheroidal particles 22 to increase the vertical

angles other than the angle of maximum intensity.

refraction of light independently of the ellipsoidal particles

“Angle of vieW” (AOV) as used herein is a measurement
of illumination for all angles relative to tWo perpendicular
axes in the plane of the material. These are called the X axis
or the horiZontal axis, and the Y axis or the vertical axis. The

10

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 maximum

approach.” The AOV at full-Width at half maximum (ot(1/z))
is calculated from sum of the absolute value of the angles

15

(measured from an orthogonal to the plane of the material)
at Which the transmitted light intensity at one-half the
maximum light intensity is measured and noted. For
example, if angles of +35° and —35° Were measured to have

one-half of the maximum light intensity in the horiZontal
direction, the AOV ot(1/z) in the horiZontal direction for the

represents a signi?cant improvement in the art.
The average particle siZe of the ellipsoidal particles in the
matrix may be from about 1 micrometer
to about 30
pm, preferably from about 2 pm to about 15 pm, and most
preferably from about 2 pm to about 5 pm in the minor
dimension.
The differential refractive index (AnME) de?ned as the
absolute value of the difference betWeen the index of refrac
tion of the matrix (nM) and the index of refraction of the

ellipsoidal particles (nE), or |nM—nE|, may be from about
20

0.005 to about 0.2, and preferably is from about 0.007 to
about 0.1.

A suitable processing temperature for forming the ellip
soidal particles may be determined from the glass transition
temperature and melt temperature of the ellipsoidal particle

screen Would be 70°. The AOV at full-Width at one-third
maximum
and the AOV at full-Width at one-tenth

material used and the amount of deformation desired. A

maximum (X(1/1o)) are calculated similarly, except that they

processing temperature approaching or close to the glass

are calculated from the angles at Which the transmitted light

25

intensity is one-third and one-tenth of the maximum light

intensity respectively.

temperature, With all other variables including the amount
the material is stretched remaining the same.
Suitable materials for the ellipsoidal particles include

The “asymmetry ratio” as used herein is the horiZontal

AOV ot(1/z) divided by the vertical AOV ot(1/z), and thus is a
measure of the degree of asymmetry betWeen the horiZontal

30

illumination and the vertical illumination of the diffuser.

acrylics, such as polymethylacrylates; polystyrenes;
polypropylenes; organic acid cellulose esters, such as cel
lulose acetate butyrates, cellulose acetates, and cellulose
acetate propionates; and polycarbonates. In a preferred

A “spheroidal particle” is a particle substantially resem

bling a sphere. A spheroidal particle may contain surface
incongruities and irregularities but has a generally circular
cross-section in substantially all directions. An “ellipsoidal
particle” is a particle substantially resembling an ellipsoid of

transition temperature Will result in less deformation than a

processing temperature approaching or surpassing the melt

35

embodiment, polystryrene may be used.
The spheroidal particles 22 are preferably substantially
incapable of deformation at the processing temperature so

that they remain substantially spheroidal throughout the

revolution. An ellipsoid of revolution has tWo substantially
equal minor axes and one larger major axis.
in accordance With the present invention. In general
overvieW, the light transmissive material 10 includes a

formation of the ellipsoidal particles 18. The spheroidal
particles contribute to the vertical AOV, Which might oth
erWise fall beloW desired levels When the ellipsoidal shape
and orientation is induced in the ellipsoidal particles 18.
Also, the presence of the spheroidal particles serves to

planar matrix 14 With embedded ellipsoidal particles 18, and

minimiZe the amount of scintillation or speckle.

FIG. 2 is a schematic cross-sectional side vieW of an

embodiment of a light-transmissive material 10 constructed

40

embedded spheroidal particles 22. The material 10 may also
include an optional hardcoat 26 and an optional anti
re?ective coating 30. The material 10 may also include an
opaque grid contrast layer 34 and a lens layer 38.

45

The volume density and the average particle siZe may be
optimiZed to control the vertical vieWing angle and other
desired properties of the material, for example, to minimiZe
or eliminate scintillation.

The average particle siZe of the spheroidal particles in the

The matrix 14 is preferably durable, stable, and alloWs

matrix may be from about 1 micrometer
to about 30
lamination to other materials, such as a hardcoat, an anti
re?ective coating, or a contrast enhancement layer. Suitable 50 pm, preferably from about 5 pm to about 30 pm, and most

preferably from about 10 pm to about 30 pm.
The differential refractive index (AnMS) de?ned as the
absolute value of the difference betWeen the index of refrac
tion of the matrix (nM) and the index of refraction of the

matrix materials include acrylics, such as polymethyl

methacrylates; polyesters; polystyrenes; polyole?ns, such as

polyethylenes, polypropylenes, and their copolymers; polya
mides; organic acid cellulose esters, such as cellulose acetate

butyrates, cellulose acetates, and cellulose acetate propi
onates; and polycarbonates. In a preferred embodiment,
polypropylene/polyethylene copolymers may be used.
The embedded ellipsoidal particles 18 typically are all

55

oriented With their major axes substantially in one direction

in the plane of the surface of the material. Preferably, the
ellipsoidal particles are made from a material Which is

60

order to create their ellipsoidal shape by stretching. Further,
the volume density of the particles, the average ellipsoidal

material.

A suitable spheroidal particle material may be chosen
such that it is substantially incapable of deformation at the
processing temperature by choosing a material for Which the
glass transition temperature and the melt temperature is

higher than the processing temperature.
Suitable spheroidal particle materials include acrylics,

capable of being deformed at a processing temperature in
particle minor axis siZe, and the index of refraction the
ellipsoidal particles may be optimiZed to control the hori
Zontal vieWing angle and other desired properties of the

ellipsoidal particles (n5), or |nM—nS|, may be from about
0.005 to about 0.2, and preferably is from about 0.007 to
about 0.1.

and preferably cross-linked acrylics, such as the so-called
65

“core-shell” cross-linked acrylic polymers manufactured by
Rohm and Haas Company (Philadelphia, Pa.), described in
US. Pat. Nos. 3,992,486; 4,107,210; and 4,181,769; and

incorporated herein by reference.

US 6,346,311 B1
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The material 10 may also include an optional hardcoat 26

soidal particles and the diameter of the spheroidal particles

to increase the stability of the light-transmissive material,
and an optional anti-re?ective coating 30. The hardcoat may

versus the volume density of the particles encountered in a
sheet of material de?ned by the matrix With embedded

be any light-transmissive support layer, for example a
siloxane-based polymer layer. Optionally, the hardcoat may

that the ellipsoidal particles are from about 2 pm to about 5

include a tint, traditionally used to increase the contrast of

pm in diameter along the minor axis and the spheroidal

the screen.

particles are from about 10 pm to about 30 pm in diameter.

ellipsoidal particles and spheroidal particles. FIG. 5 shoWs

The material 10 may also include an opaque grid contrast

The matrix may also include compatibiliZers to improve
the processing and performance of the material of the
present invention. These compatibiliZers are described in
greater detail in pending US. patent application Ser. No.
08/962,743, ?led Nov. 3, 1997, Which is incorporated herein

layer 34 and a lens layer 38. The opaque grid 34 is preferably
black for maximum absorption of light and is designed to
match the lens layer 38 such that light is channeled by the
lens layer 38 into the grid 34. The opaque grid 34 may be a
layer adhered, laminated, or coated onto either the lens layer
38 or the matrix 14 With embedded ellipsoidal particles 18,
and spheroidal particles 22. The lens layer 38 may be a
lenticular or microlens layer and the lenses are preferably

by reference.
A further embodiment includes the addition of a second
15

packed close together so that the entirety of the surface of
the lens layer is covered With the lens structures. The overall
transmission of the material 10 may be increased from about
40% to about 65% by addition of the opaque grid contrast
layer 34 and the lens layer 38, collectively referred to as the
contrast enhancement layer.

vieW and scintillation.
It is envisioned that this material may be used in con
junction With and disposed in front of a Fresnel Lens. Since
the light from a Fresnel Lens is collimated, the light may be

FIG. 3 is a schematic cross-sectional side vieW of another
embodiment of a light-transmissive material 10 in accor

dance With the present invention. In general overvieW, the
light transmissive material 10 includes a matrix 14 With

25

embedded ellipsoidal particles 18, and embedded spheroidal
particles 22. The material 10 may also include an optional
hardcoat 26 and an optional anti-re?ective coating 30. The
material 10 may also include an opaque grid contrast layer

channeled by the contrast enhancement layer Without the
typical loss in overall screen transmission of light. The
contrast enhancement layer may increase the horiZontal
angle of vieW to such an extent that the amount ellipsoidal
particles embedded in the matrix may be signi?cantly
reduced or even eliminated.

Additionally, because neither the diffusion screen or the

contrast enhancement layer substantially affect the polariZa

34 and a graded refractive index lens layer 140, collectively

tion of light, the material of the present invention may be
incorporated into systems Which use polariZation effects to

referred to as the contrast enhancement layer. The compo

sition of the matrix 14, ellipsoidal particles 18, spheroidal

produce image contrast to achieve improved transmission
ratios.

particles 22, hardcoat 26, and anti-re?ective coating 30 are
as described in FIG. 2 above. The opaque grid 34 is

FIG. 6 is a ?oWchart diagram illustrating a method of
forming a sheet of light-transmissive material in accordance
With the present invention. A method for forming a sheet of
light-transmissive material in accordance With the present
invention includes: selecting a matrix material, a ?rst dis
persion material that is capable of deformation at a process
temperature, and a second dispersion material that is sub
stantially incapable of deformation at the process tempera

preferably black for maximum absorption of light and is
designed to match the graded refractive index lens layer 140
such that light is channeled by the graded refractive index
lens layer 140 into the grid 34. The opaque grid layer 34 may
be adhered, laminated, or coated onto either the graded
refractive index lens layer 140 or the layer de?ned by matrix

14 With embedded ellipsoidal particles 18, and spheroidal
particles 22.
The graded refractive index lens layer 140 is preferably
formed so that the graded refractive index lenses are packed
close together so that the entirety of the surface of the lens
layer is covered With the lens structures. The curvature of the

spheroidal particle material selected from the group of
materials Which differ in material of construction, refractive
index, siZe, and other variable properties, from the other
particles in order to further manipulate the vertical angle of

ture (step 200); dispersing the ?rst dispersion material and
the second dispersion material in the matrix to form a
45

graded refractive lenses may be such that light incident upon
the lenses is totally internally re?ected. By selection of the
curvature and the angles at Which light strikes the surface,
for example With a Fresnel Lens, the light exiting the sheet

mixture comprising the matrix, the ?rst dispersion material
and the second dispersion material (step 210); forming a
sheet of material from the mixture (step 220); and stretching
the sheet of material at the processing temperature along an
axis in the plane of the sheet of material such that the ?rst
dispersion material is deformed along the direction of stress

(230).

can be manipulated. The overall transmission of the material
10 may be increased from about 40% to about 65% by

The process of may further include the step of heating the
mixture to the processing temperature prior to forming the

addition of the opaque grid contrast layer 34 and the graded
refractive index lens layer 140.

layer is de?ned by the matrix 14“ With embedded ellipsoidal
particles 18 and a second layer de?ned by the matrix 14‘ With
embedded spheroidal particles 22. Matrix 14‘ and matrix 14“

sheet or prior to stretching the sheet.
The sheet may be formed by extruding the mixture
through a die to form the sheet of material. Alternatively, the
sheet may be formed by pouring the mixture onto a ?at
surface. Additionally individual layers, such as a lenticular
lens layer, may be coated or laminated onto each other. The
opaque grid layer may be printed onto another layer or a
carrier layer, for example, a polycarbonate, polyester, or

may be constructed of the same or different material as

cellulose triacetate layer. The lens layer may be embossed by

FIG. 4 is a schematic cross-sectional side vieW of yet
another embodiment of a light-transmissive material in
accordance With the present invention. In this embodiment
tWo distinct layers are formed by matrices 14‘ and 14“ . A?rst

55

described above. Although a transparent divider 36 is

loW impact embossing techniques Which alloW for high

present in the depicted embodiment, it should be understood

resolution and loW manufacturing costs.

that the matrices 14‘ and 14“ may directly contact each other.
FIG. 5 is a graph depicting volume density versus particle
siZe for a preferred light-transmissive material constructed

The sheet may be stretched as it exits from a die by
Winding the sheet of material on a take-up roll at a rate faster
65 than the sheet formation rate. If the sheet is stretched at the

in accordance With the present invention. The graph plots

processing temperature, the ?rst dispersion material Will be

particle siZe as measured along a minor axes of the ellip

deformed in the direction along Which it is stretched.

US 6,346,311 B1
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Alternatively, the sheet may be stretched upon a frame at the

a plurality of spheroidal particles disposed Within the

processing temperature in order to deform the ?rst disper

matrix.
2. The material of claim 1 Wherein the matrix has a ?rst

sion material. Provided the sheet is stretched to a greater

degree in one direction, the ellipsoidal particles Will be

refractive index (nM) and the plurality of ellipsoidal particles

oriented in that direction.
It should be understood that the order of the steps for

has a second refractive index (nE), Wherein the nM is
different from the n5.
3. The material of claim 2 Wherein a differential refractive
index (AnME) de?ned as |nM—nE| is from about 0.005 to
about 0.2.
4. The material of claim 1 Wherein the matrix has a ?rst

making the light-transmissive material is immaterial except
that the mixture needs to be formed prior to further

processing, i.e., e.g., forming a sheet, heating, stretching,
extruding, and/or Winding. In addition, tWo or more of the

10

steps described above may be conducted simultaneously.
A method of forming the embodiment of the invention
shoWn in FIG. 4 is to form a ?rst sheet of spherical particles
in a matrix; form a second sheet of particles in a matrix and
stretching the sheet to form ellipsoidal particles as described

refractive index (nM) and the plurality of spheroidal particles
has a third refractive index (n5), Wherein the nM is different
from the n5.
5. The material of claim 4 Wherein a differential refractive
index (AnMS) de?ned as |nM—nS| is from about 0.005 to about

15

above and then laminating the sheets together. Variations
such as having tWo sheets of ellipsoidal particles oriented

embossed lenticular lens layer.

With the major axes of the particles in one sheet at an angle
to the major axes of the particles in the other sheet are also

grid aligned With the embossed lenticular lens layer.

possible.

6. The material of claim 1 further comprising an
7. The material of claim 6 further comprising an opaque
20

Table 1 demonstrates the improvement in the gain and
control of both the horiZontal AOV and vertical AOV that
may be achieved in accordance With the present invention.
The ?rst roW shoWs the optical characteristics for a matrix

layer With embedded ellipsoidal particles. The second roW

8. The material of claim 1 further comprising a graded
refractive index lens layer.
9. The material of claim 8 further comprising an opaque

grid aligned With the graded refractive index lens layer.
25

10. The material of claim 1 Wherein the matrix comprises
a substantially optically clear material selected from the

shoWs the same characteristics for a lenticular lens array

group of materials consisting of acrylics, polyesters,

layer, Which approximates the effect of a layer containing
spheroidal particles. The third roW shoWs the improved

polystyrenes, polyole?ns, polyole?n copolymers,
polyamides, cellulite esters, and polycarbonates.
11. The material of claim 10 Wherein the matrix comprises

results achieved When the materials of roW 1 and roW 2 are

laminated together. The fourth roW shoWs the results for a

30

traditional light-transmissive layer for comparison With the

a substantially optically clear copolymer of polypropylene
and polyethylene.
12. The material of claim 1 Wherein the ellipsoidal

material of the present invention, Which is a matrix contain

ing only spheroidal particles. The ?fth and sixth roWs are the

particles comprise a substantially optically clear material

estimated results of adding a contrast enhancement layer to

selected from the group of materials consisting of acrylics,

the laminated screen of roW 3 and the traditional layer of roW 35 polystyrenes,
4.
bonates.

polypropylenes, cellulose esters, and polycar

TABLE 1
Asymmetry

Diffuser Element
Lens Array
Laminated Screen
Traditional
Estimate With

Horizontal Angle of View

Vertical Angle of VieW

Ratio

Gain

(IO/2)

[5(V3)

XC/ro)

ot(‘/2)

[5(1/3)

XC/ro)

1.8
13.8
3.5
1.9

15.0
25.0
5.3
4.0

27°
55°
56°
56°

36°
69°
70°
72°

59°
73°
106°
110°

15°
4°
16°
29°

19°
6°
22°
38°

31°
12°
44°
61°

3.5
1.9

5.3
2.0

56°
56°

70°
72°

106°
110°

16°
29°

22°
38°

44°
61°

50% contrast

enhancement

layer
Laminated Screen
Traditional

Although generally the preferred embodiments of the 55

may be embodied in other speci?c forms.
What is claimed is:

13. The material of claim 12 Wherein the ellipsoidal

particles comprise a substantially optically clear polysty

invention have been shoWn and described, numerous varia
tions and alternative embodiments Will occur to those skilled
in the art. Accordingly, it is intended that the invention be
limited only in terms of the appended claims as the invention

rene.

14. The material of claim 1 Wherein the spheroidal

particles comprise a cross-linked acrylic.
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15. The material of claim 1 Wherein the plurality of
ellipsoidal particles have an average particle siZe distribu

1. A planar light-transmissive material comprising:

tion from about 2 micrometers to about 5 micrometers.

a matrix;

16. The material of claim 1 Wherein the plurality of
spheroidal particles have an average particle siZe distribu

a plurality of ellipsoidal particles disposed Within the
matrix, the ellipsoidal particles having a major axes
substantially oriented in one direction in the plane of
the material; and
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tion from about 10 micrometers to about 30 micrometers.

