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(57) Abstract: A backlight assembly (100) is
disclosed having a light pipe (104) and at least one
light source (102) located at an edge of the light pipe
(104). The light pipe (104) has a back surface (106)
and a front surface (110) opposite the back surface.
The light pipe (104) also has one or more light
directing, diffusing, turning, or brightness enhancing
film layers adjacent the front surface (110). The
light pipe (104) also has an integral surface diffuser
microstructure molded, embossed, or otherwise
replicated in the front surface of the light pipe.
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BACKLIGHT ASSEMBLY WITH A LIGHT PIPE HAVING
AN INTEGRAL SURFACE DIFFUSER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed generally to backlight assemblies for liquid
crystal displays and the like, and more particularly to a backlight assembly having a
light pipe with an integral diffuser surface structure formed on a top or exit surface
of the light pipe.
2. Description of the Related Art

Many backlight assemblies for illuminating displays, such as a liquid crystal
display panel for a laptop computer, include a lightbpipe that internally reflects light
via what is known as total internal reflection or TIR. When the light within the light
pipe is incident on a front or exit surface at the proper angle, the light exits the front
or exit surface. The light then typically passes through one or more layers of
additional light diffusing, directing, and/or turning films before entering and
illuminating the display. The light pipe typically includes a back or reflective
surface that reflects light upward until the light eventually exits the light pipe
through the front surface. A reflective layer is sometimes disposed adjacent the
back surface of the light pipe to reflect light back into the light pipe that has exited
through the back surface. The back surface of the light pipe often includes a
number of structures or elements thereon that aid in reflecting light upward toward
the front surface and in changing the angle of light reflected thereby.

Figure 1 illustrates one type of prior art backlight assembly and display 20.
The assembly 20 has a pair of light sources 21 located along opposite edges of a
light pipe 22 with a plurality of silk screen dots 24 disposed on a back surface 26.
These dots 24 are typically white or light colored so as to scatter and reflect light
upward from the back surface 26 toward a front surface 28 of the light pipe 22. A
reflective surface 30 is disposed adjacent the back surface 26 to reflect light back

into the light pipe 22 that escapes through the back surface. The density and size of
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the dots 24 are manipulated in order to control the amount of light reflected from a
particular area or region of the back surface 26 of the light pipe 22. Control of the
dot density and size therefore is utilized to produce desired illumination or
brightness characteristics for light exiting the front surface 28 of the light pipe 22.

The backlight assembly 20 also includes a separate diffuser film layer 32
disposed adjacent the front surface 28 of the light pipe 22. The diffuser film can
vary but in one known embodiment, the diffuser is a 60° circular diffuser. A pair
of brightness enhancing film or BEF™ layers 34 are disposed over the separate
diffuser film layer 32 and arranged orthogonal to one another. These film layers are
available from 3M Corp. of St. Paul, Minnesota and the term BEF™ is a
TRADEMARK of 3M. Each BEF™ layer typically has a plurality of optical
elements such as prisms 35 on a front or top surface 36 facing away from the light
pipe. Each BEF™ layer 34 collimates light in one direction or axis so that all light
exiting the light pipe 22 and the separate diffuser film layer 32 is collimated and
redirected to near the normal direction of the backlight assembly by one of the
BEF™ layers.

An LCD panel 38, shown in phantom view in Figure 1, is typically added to
the backlight assembly over the second brightness enhancing film layer 34. The
LCD panel 38 reduces the brightness of the overall backlight assembly by a factor
of 10 after the light emitted by the backlight passes through the LCD panel.

The separate diffuser film 32 has a smooth back surface 40 facing toward the
light pipe 22 and a diffuser surface structure on a front surface 42 facing away from
the light pipe. When placed against the smooth front surface 28 of the light pipe 22,
very little or no air gap is present between the light pipe front surface 28 and the
diffuser film back surface 40.

Figure 2 illustrates a graphic representation of the light output or brightness
of the various components, as they are stacked together, for the silk screen dot light
pipe and backlight assembly of Figure 1. The graph represents brightness at
virtually any point on the surface area of the components. The brightness value at
any given point will vary when compared to other points on the surface area of the

components, with the brightest area or region being close to the center of the
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backlight assembly. The brightness curve of this graph is not limited to only a
vertical or horizontal axis measurement.

The LP curve shows the comparative brightness for light exiting only the
light pipe for any given point over a range of angles from the normal to +/- 90°
relative to the normal. The brightness is somewhat evenly distributed over the
entire range of angles because of the reflecting and scattering characteristics of the
dots. The DF1 curve shows the brightness over the range of angles, for the given
point, of light passing through both the light pipe and the separate diffuser film.
The diffuser film evens out the light dispersion but at the same time directs more
light toward the normal. The BEF™1 curve shows the brightness over the same
range of angles, for a given point, of light passing through the light pipe, the first
diffuser layer, and the first BEF™ layer. The first brightness enhancing film layer
collimates light in only one direction or plane such as along the vertical axis of the
display. The second BEF™ layer further enhances the brightness of the backlight
assembly by further collimating light in a direction orthogonal to the direction of the
first BEF™ layer. This final brightness output is identified in Figure 2 by the
BEF™2 curve and shows that a substantial portion of light emitted by the backlight
assembly is normal to the front surface.

One problem with the silk screen dot light pipe and backlight assembly is
that the brightness or luminance of light exiting the backlight assembly is not
particularly high. The efficiency of the light pipe is merely adequate in directing
light out of the front surface. This is because much light is scattered by the dots so
that the light has Lambertian qualities and thus exits the light pipe as scattered.
Also, the diffuser film is placed against the front, smooth surface of the light pipe
leaving little or no air between the two surfaces. Much of the light incident on the
front surface is at a relatively high angle, nearly parallel to the front surface.
Because the light pipe and the diffuser film have very similar indexes of refraction,
the light exits the light pipe at the same high angles. This light is either not directed
to the display at all, or is not collimated sufficiently toward the normal. This light
is therefore directed away from a desired viewing area normal to the surface and

thus does not enhance the display brightness where needed.
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Figure 3 illustrates the other above-described prior art backlight assembly
50. The backlight assembly 50 has a light tapered wedge TIR light pipe 52 and at
least one light source 54 disposed along one edge. A plurality of grooves 56 are
formed parallel to one another and parallel to the light source along a back surface
58 of the light pipe. The backlight assembly 50 also includes a reflective surface 60
adjacent the back surface 58 of the light pipe that is similar to the surface 30
described above. The light pipe also has a front surface 62 opposite the back
surface. A directional turning film or DTF™ 64 is disposed adjacent the light pipe
front surface 62. The term DTF™ is a TRADEMARK of the assignee of the present
invention and DTF™ products are sold by the assignee of the present invention,
Physical Optics Corp. of Torrance, California. The DTF™ 64 has a plurality of
optical elements 66 such as prism structures on a back surface 68 that faces toward
the light pipe. The DTF™ has a surface diffuser structure formed on a front surface
or exit surface 70 of the DTF™.

Figure 3 shows exemplary light rays L traveling through and out of the
backlight assembly. As shown schematically in Figure 3, the grooves and hence the
light pipe are designed, for example, to emit light at approximately 42° and relative
to the normal of the front surface or exit surface of the light pipe. The DTF™ layer
64 is designed with its prism structures to accept light entering at 42° and to redirect
the light more toward the normal of the diffuser and the backlight assembly. The
top diffuser layer is typically designed to slightly even out the light distribution. In
one example, the top diffuser layer is intended to provide a circular light output for
any given point thereon having a very small conical shape in the range of 0.5° to
about 5°. Thus, the diffuser helps to more evenly distribute light and yet keep the
light fairly collimated and near the normal direction to the diffuser surface. The
optical elements 66 further redirect the light toward the normal.

Figure 4 illustrates the light exiting the light pipe 52 at a 42° angle. Figure
5 illustrates a graphic representation of the brightness or light output from the light
pipe shown in Figures 3 and 4. Figure 5 shows the brightness output separately for
the vertical axis at any horizontal point on the light pipe and for the horizontal axis

at any vertical point on the light pipe. The vertical brightness component at any
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given point is centered at about 42°, which tends to maximize brightness for the
viewer. The horizontal brightness component is fairly evenly distributed over the
range of angles at any given vertical point.

The light pipe’s grooved construction is used in conventional backlight
assemblies for reflecting light upward from the back surface of the light pipe at a
particular angle so that the light exits the front surface at a predetermined angle.
The grooves can be provided having different line density, line spacing, and/or
surface angles so that the light exiting the top surface of the light pipe is controlled
as desired. The backlight assembly with the grooved light pipe back surface is used
for displays where the screen is intended to be visible from a fairly limited range of
angles or directions. For example, some laptop computer screens are very bright
and visible from certain viewing angles and are difficult or impossible to see upon
rotating the screen by only a few degrees.

A known problem in this type of backlight assembly is a diagonal line or
shadow effect. A diagonal shadow or line is often produced that starts in the upper
corners of the display screen and extends diagonally downward from each corner.
Apparently, the combined effects of the sharp corners, the ends of the light source,
and the groove edges near the corners of the light pipe cause dead spots in light
projected into the light pipe. Diagonal line effects are reduced by addition of the
DTF™ layer and the LCD panel to the backlight assembly, and while these
additional layers also reduce the brightness of the display output, they do not
eliminate the diagonal line or shadow.

There have been a number of methods and light pipe constructions designed
to reduce diagonal line effects. One such method, described in U.S. patent
application SN 09/137,549 to Savant, et al. and assigned to the assignee of the
present invention, teaches extending the light source beyond the edges of the light
pipe. This method also teaches extending the edge length of the light pipe adjacent
the light source to match the light source length to reduce the dead spots caused by
the light pipe sharp corners and the light source ends. This method merely reduces,
but does not eliminate diagonal lines or shadows in the light output. Another such

method, described in U.S. patent application SN 09/223,987 to Laine, and assigned
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to the assignee of the present invention, teaches turning the groove faces 180
degrees on the back surface of the light pipe. Light entering the light pipe is then
totally internally reflected to the far end of the light pipe and then reflected back
toward the light source. Only then do the grooves reflect the light upward to the
front or exit surface. This method also reduces but does not eliminate the diagonal
line problem.

SUMMARY OF THE INVENTION

The present invention provides an improved light pipe construction and
improved backlight assemblies that substitute for those described above. The
backlight assemblies of the invention each include a light pipe with a diffuser
surface structure integrally formed in the front surface of the light pipe. Depending
on the diffuser surface structure light output characteristics, the diffuser significantly
enhances the brightness of the backlight assembly output without eliminating the
benefits of each type of backlight assembly.

One object of the present invention is to provide a backlight assembly
constructed in essentially the same manner as a conventional backlight assembly but
with improved brightness characteristics. A further object of the present invention
is to provide a backlight assembly with enhanced brightness and yet with very little
or no decrease in other performance characteristics. Another object of the present
invention is to provide a backlight assembly that eliminates the diagonal line or
shadow in the assembly output without detracting from the brightness and light
directing characteristics of the backlight. A further object of the present invention is
to provide a backlight assembly that requires no additional, different, or separate
components when compared to the conventional backlight assembly constructions.
Therefore, manufacturing, assembly and installation processes for the backlights and
displays need not be changed to accommodate the backlight assembly of the
invention.

To accomplish these and other objects, features and advantages of the
invention, one embodiment of a backlight assembly is provided having a TIR light
pipe with a light source disposed adjacent at least one edge. The light pipe has a

back surface that reflects light and a front surface opposite the back surface through
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which light exits the light pipe. The light pipe defines a horizontal axis and a
vertical axis, both generally parallel to the front surface of the light pipe and
orthogonal to one another. The back surface of the light pipe includes a plurality of
optical elements carried thereon. The light pipe of the invention has a surface
diffuser microstructure formed integrally in the front surface.

In one embodiment, the optical elements on the back surface of the light pipe
are a plurality of silk screen dots applied thereto. In another embodiment, the
optical elements on the back surface of the light pipe are a plurality of grooves
formed therein.

In one embodiment, the light pipe of the invention is incorporated into a
backlight assembly for illuminating a display such as an LCD screen.

In one embodiment, a backlight assembly utilizes the light pipe as described
above and has a plurality of silk screen dots on the back surface of the light pipe and
a light diffusing film layer placed adjacent the front surface of the light pipe wherein
the front surface has the diffuser micro-structure formed integral therein. A pair of
BEF™ layers are stacked adjacent the front surface of the light pipe an oriented 90°
relative to one another so that light exiting the light pipe is collimated in both the
horizontal axis and vertical axis towards the normal to the front surface of the light
pipe.

In one embodiment, the integral surface diffuser microstructure is embossed
on the front surface. In another embodiment, the diffuser microstructure is molded
onto the front surface of the light pipe when the light pipe is injection molded. In
yet another embodiment, a diffuser microstructure is replicated in an epoxy layer on
the front surface of the light pipe so as to be affixed permanently to the light pipe.

In one embodiment, the diffuser microstructure is designed to produce
generally circular light output patterns wherein each surface structure produces a
cone of light output. In one embodiment, the cone of light is normal to the front
surface of the light pipe and has an angle of between about 0.1° to about 20°. In
one preferred embodiment, the range of angles is between about 0.5 and 10°.

In one embodiment, the diffuser microstructure is designed to produce

generally elliptical light output patterns wherein each surface structure produces an
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ellipse shaped light output from a beam of light. In one embodiment, the ellipse is
oriented so that the long component of the ellipse is arranged parallel to the light
sources. In one preferred embodiment, the ellipse shaped pattern is about 90° for
the long component and 1° in the short component.

In one embodiment, a backlight assembly utilizes a light pipe as described
above having grooves formed on the back surface of the light pipe and has a DTF™
layer with a plurality of optical elements where the DTF™ layer is disposed adjacent
the front surface of the light pipe. The DTF™ layer receives the collimated light
exiting the light pipe and redirects the collimated light in a desired direction.
According to the invention, the front surface of the light pipe includes the surface
diffuser microstructure formed integrally therein that produces a light output pattern
with an elliptical shape. The long component of the ellipse is arranged generally
parallel to the light sources and to the DTF™ optical elements.

In one embodiment, the long component has an angle ranging between about
30° and about 100°. In one embodiment, the short component has an angle ranging
between about 0.2° and about 10°.

In each of these embodiments, the integral surface diffuser on the light pipe
enhances the brightness of the backlight assembly. In the grooved back surface
embodiment, the integral surface diffuser also completely eliminates the diagonal
line problem.

These and other objects, features and advantages of the present invention
will become apparent and better understood when considered in conjunction with the
following detailed description and accompanying drawings. It should be
understood, however, that while indicating preferred embodiments of the present
invention, the following description is given only by way of illustration and not of
limitation. Many changes and modifications can be made without departing from
the scope and spirit of the invention and the invention includes all such
modifications.

BRIEF DESCRIPTION OF THE DRAWINGS
A clear conception of the advantages and features of the present invention

will become apparent upon referring to the drawings in which:
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Figure 1 illustrates a cross-section schematic view of a prior art backlight
assembly wherein the light pipe has a plurality of silk screen dots on a back surface;

Figure 2 illustrates a graphic representation of the light output or brightness
for the various component combinations of the backlight assembly of Figure 1;

Figure 3 illustrates a cross-section schematic view of another prior art
backlight assembly wherein the light pipe has a plurality of grooves on the back
surface;

Figure 4 illustrates a cross-section schematic view of the light pipe for the
backlight assembly of Figure 3 and showing the collimated light output;

Figure 5 illustrates a graphic representation of the light output or brightness
for the various component combinations of the backlight assembly of Figure 2;

Figure 6 illustrates a cross-section schematic view of one embodiment of a
backlight assembly constructed in accordance with the present invention;

Figure 7 illustrates a graphic representation of the light output or brightness
for the various component combinations of the backlight assembly of Figure 6;

Figure 8 illustrates a cross-section schematic view of another embodiment of
a backlight assembly constructed in accordance with the present invention,

Figure 9 illustrates a schematic front view of one embodiment of the
controlled light output shape and orientation for the light pipe of the backlight
assembly of Figure 8; and

Figure 10 illustrates a schematic elevation of the light output shape
distribution in the vertical axis and horizontal axis for the light output shown in
Figure 10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention generally provides a light pipe for backlight assemblies that
are a significant improvement over the prior art backlight assemblies shown in
Figures 1-5 and described above. The light pipe of the invention includes an
integral surface diffuser microstructure on the front or exit surface. This front
surface in prior art constructions is left smooth or flat. The addition of the integral
surface diffuser microstructure unexpectedly and significantly improves the

uniformity of light distribution over the entire surface area of the backlight assembly
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as well as increases the brightness or light output of the assembly. The invention
also eliminates the diagonal line problem associated with some prior art backlight
assemblies.

Referring to Figure 6, a backlight assembly 100 having a construction
similar to that of the backlight assembly 20 of Figure 1 is shown. The backlight
assembly 100 has a pair of light sources 102 disposed adjacent opposite edges of a
light pipe 104. It is certainly within the scope of the invention to use only one light
source for this embodiment but two sources are commonly used to provide better
illumination over the surface area of a display. The light pipe 104 has a back
surface 106, an adjacent reflective surface 108, and an opposite front surface 110.
The back surface 106 has a plurality of silk screen dots 112 thereon. The remaining
components of the backlight assembly 100 are identical to the backlight assembly 20
and include a diffuser film layer 114, a pair of BEF™ layers 116, and an LCD panel
118 shown in phantom view.

The novel feature of the present invention pertains to the front surface 110 of
the light pipe 104. An integral surface diffuser microstructure 120 is formed in the
light pipe material. The diffuser structure can be formed or replicated in any
number of ways in the light pipe material. For example, the surface microstructure
can be hard-embossed in the front surface of the light pipe. A master diffuser
surface is first recorded and replicated in a metallic shim. The shim can be used to
emboss the microstructure in the surface of the light pipe. The surface
microstructure also can be molded directly into the light pipe surface by injection
molding the light pipe and using the shim as a separate part of the mold.
Alternatively, the mold itself can be made having the surface structure formed in
one surface of the mold cavity. Finally, the surface microstructure can be soft-
embossed on the light pipe by spreading a layer of epoxy on the light pipe and then
pressing against that layer a sheet having a master of the microstructure therein.
These methods are fully described in U.S. patent numbers 5,584,386 and
5,609,939, both assigned to the assignee of the present application, and in pending
U.S. patent application Serial Numbers 08/800,872 to Savant et al. and 09/052,586

to Savant et al., both also assigned to the assignee of the present invention.
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The surface diffuser structure of the backlight 120 accomplishes two goals to
improve and enhance the overall brightness of the backlight assembly construction.
First, the diffuser, depending on the selected and designed diffusing capabilities,
helps to reduce the Lambertian spreading of light upon exiting the light pipe caused
by the silk screen dots. The integral diffuser directs more light toward the normal.

Second, because the surface is somewhat rough and irregular, it creates an
air gap between the diffuser film layer 114 and the front surface 110 of the light
pipe. Air has a significantly different index of refraction than typical light pipe
materials such as polycarbonates (on the order of 1.0 compared to 1.5). The light
incident on the front surface at sharp angles relative to normal from within the light
pipe is reflected back into the light pipe instead of exiting the light pipe at such
sharp angles. The light does not exit the light pipe until it is more toward the
normal. Thus, more light is reflected more toward the normal upon entering the
diffuser film layer. These two effects significantly increase brightness of the
backlight assembly.

A number of examples have been produced to verify the effectiveness of the
invention. The diffuser surface can be formed to produce virtually any light output
shape or contour. However, for the silk screen dot backlight assembly where
Lambertian light dispersion reduces the overall brightness of the display, a circular
diffuser output pattern is desirable because light is directed more toward the normal
in both the horizontal and vertical directions. In one embodiment, a circular
diffuser angle on the order of between about 0.1° to about 20° is effective for
increasing brightness as compared to the backlight assembly of Figure 1. A more
preferred circular diffuser range is on the order of between about 0.5° and about
10°.

An elliptical diffuser also accomplishes the goal of brightness enhancement.
In one embodiment, a 90° by 1° elliptical diffuser is preferred and produces the
desired results. The long component of the ellipse can vary between about 80° and
120° and the short component can vary between about 0.2° and about 45 degrees.

When an elliptical diffuser is used, the long component is preferably oriented
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parallel to the light source or sources so as not to direct too much light away from a
viewer sitting in front of the backlight assembly.

Figure 7 graphically illustrates brightness as compared to the range of angles
for any given point on the light pipe and without regard to the horizontal or vertical
direction. The LP curve represents light output brightness from only the light pipe
104 without either the integral diffuser 120 or the diffuser film 114. The LP1 curve
indicates brightness for the light pipe 104 with only the diffuser film 114. The LP2
curve represents brightness for the light pipe 104, the diffuser film 114 and the
integral diffuser 120. The integral diffuser represented by this figure is a circular
pattern diffuser. Surprisingly, a minimum increase in brightness of about 5 percent
is achieved utilizing the novel integral surface diffuser 120. This was unexpected in
that brightness is increased even though diffuser film 114 was previously used as a
separate component.

In this embodiment, the diffuser angle should not be too large in the vertical
direction. Otherwise, the light will not be emitted concentrated toward the normal
direction, thereby reducing the brightness enhancement benefit. The angle in the
horizontal direction need not be as small. This is because wide horizontal
dispersion of light across the backlight assembly increases the uniformity of light
over the viewing area. However, the angle should not be too large so as to direct
much of the light tangent to the exit surface of the backlight assembly.

Figure 8 illustrates another backlight assembly 130 of the invention that is
similar to the backlight assembly 50 shown in Figure 3. The backlight assembly
130 has a light source 132 disposed along one edge of a tapered wedge light pipe
134. The light pipe has a back surface 136 with a plurality of grooves 138 thereon.
A reflective surface 140 is located adjacent the back surface 136. This reflective
surface can be in the form of a metallized surface applied directly to the grooves in
the back surface. The light pipe also has a front surface 142 opposite the back
surface. A DTF™ layer 144 is disposed adjacent the front surface and is identical to
the DTF™ 64 of the backlight assembly 50.

The light pipe 134 has a surface diffuser microstructure 146 formed therein

in a manner identical to that for the surface 120 described above for the light pipe
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104. However, in this embodiment, an elliptical diffuser structure is preferred. An
elliptical diffuser structure produces an ellipse-shaped light output from a beam of
light. Figure 10 illustrates an exaggerated schematic representation of an elliptical
output 150 from a point of light. Figure 10 illustrates the vertical component or
angle B of the elliptical output and the horizontal component or angle o of the
output.

For example, two samples were fabricated wherein the diffuser
microstructure produced a 90° by 1° ellipse and produced a 40° by 0.2° ellipse. It
has been determined that the diffuser structure must be arranged on the surface of
the light pipe so that the long component of the ellipse is oriented horizontally and
parallel to the grooves 138, as shown schematically in Figure 9. The short
component of the ellipse is oriented vertically. Thus, light exiting the light pipe is
spread substantially in the horizontal direction, evening out the light distribution.

In the 90° by 1° example, light is only minimally spread in the vertical
direction by the 1° angle of the elliptical output. The vertical component therefore
has very little effect on the light directing properties of the grooves in the light pipe
and the prisms of the DTF™. The light is therefore substantially directed toward the
desired vertical direction, such as the 42° described above. However, the light is
very evenly distributed across the backlight assembly in the horizontal direction by
the 90° component of the ellipse.

This type of diffusion completely eliminates the diagonal line or shadow
from the output without affecting the overall brightness and directional control of
the light pipe. What is unexpected about this is that the diagonal line is eliminated
by the combination of the diffuser integral with the light pipe and the separate
diffuser film 114 but was not completely eliminated by the separate diffuser film
114 alone. Additionally, even if a second separate diffuser film were added, the
diagonal line problem is eliminated, but the brightness of the light output is
significantly reduced. The integral diffuser eliminates the diagonal line and
enhances the overall brightness of the output.

The range of ellipse angles can vary considerably without departing from the

scope of the invention. However, the short component of the ellipse should be in a
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range of between about 0.2° and about 10°, and preferably between about 0.5° and
about 5°. The long component of the ellipse should be in a range of between about
40° and about 120°, and preferably between about 80° and about 100°.

A circular diffuser can be used, but tests have shown that a diffuser angle of
more than about 15° significantly reduces brightness of the backlight assembly.
This is because collimation effects are significantly reduced by the wide-angle
dispersion caused by the diffuser. A smaller angle, such as about a 7° circular
diffuser has limited effect on brightness and significantly reduces the appearance of
diagonal lines or shadows, but does not completely eliminate the diagonal line
problem. Use of an elliptical diffuser therefore is preferred but not absolutely
necessary.

Though the invention is described referring to particular embodiments, many
changes and modifications may be made to the invention as described without
departing from the spirit and scope thereof. The scope and spirit of these changes
and modifications will become apparent from the appended claims. The scope of

the invention is therefore intended only to be limited by the appended claims.
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What is claimed is:

1. A light pipe for a backlight assembly, the light pipe comprising:
a front surface;
a back surface opposite the front surface;
a plurality of optical elements carried on the back surface; and

an integral surface diffuser formed in the front surface.

2. The light pipe according to claim 1, wherein the plurality of optical elements
carried on the back surface further comprise a plurality of silk screen dots applied

on the back surface.

3. The light pipe according to claim 8, wherein the plurality of silk screen dots

have a dot density that varies over at least a portion of the back surface of the light

pipe.

4. The light pipe according to claim 7, wherein the plurality of optical elements
carried on the back surface of the light pipe further comprise a plurality of grooves

formed in the back surface.

5. The light pipe according to claim 10, wherein the plurality of grooves have a
spacing between the grooves that varies over at least a portion of the back surface of

the light pipe.

6. The light pipe according to claim 7, wherein the integral surface diffuser
produces generally circular light output patterns each in the form of a light output

cone.

7. The light pipe according to claim 12, wherein the cones of light output are
each relatively normal to the front surface of the light pipe and have a cone angle of

between about 0.1° to about 20°.
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8. The light pipe according to claim 13, wherein the cone angle of the cones of

light output are in a range of between about 0.5° and about 10°.

0. The light pipe according to claim 7, wherein the integral surface diffuser
produces generally elliptical light output patterns, each having a generally ellipse

shaped patterns of light.

10. A backlight assembly for a display, the backlight assembly comprising:

a total internal reflection light pipe having a front surface, a back surface
opposite the front surface, and at least one edge;

at least one light source located adjacent the at least one edge;

a plurality of optical elements carried on the back surface of the light pipe;
and

an integral surface diffuser formed in the front surface of the light pipe.

11.  The backlight assembly according to claim 16, wherein the plurality of
optical elements carried on the back surface of the light pipe further comprise a

plurality of silk screen dots applied to the back surface.

12.  The light back assembly according to claim 16, wherein the plurality of
optical elements on the back surface of the light pipe further comprise a plurality of

grooves formed in the back surface.

13.  The backlight assembly according to claim 16, further comprising:
a light diffusing film layer disposed adjacent the front surface of the light

pipe.

14.  The backlight assembly according to claim 16, further comprising:
a pair of brightness enhancing film layers stacked on top of one another
adjacent the front surface of the light pipe, wherein each of the brightness enhancing

film layers is oriented parallel one another but rotated 90° relative to one another so
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that light exiting the light pipe is collimated in all directions toward a normal

relative to the front surface of the light pipe.

15.  The backlight assembly according to claim 18, further comprising:

a directional turning film having a plurality of optical elements disposed
adjacent the front surface of the light pipe so that the directional turning film layer
receives collimated light exiting the light pipe and redirects the collimated light in a

desired direction.

16.  The back light assembly according to claim 16, wherein the integral surface
diffuser produces generally elliptical light output patterns each in the form of an

ellipse shaped pattern of light.

17.  The backlight assembly according to claim 22, wherein the ellipse shaped
patterns are oriented so that a long component of the ellipse shaped patterns is

arranged generally parallel to the light source.

18.  The backlight assembly according to claim 22, wherein the ellipse shaped
patterns each have a long component having an angle of about 90° and a short

component having an angle of about 1°.

19.  The backlight assembly according to claim 16, wherein the integral surface
diffuser produces generally circular light output patterns wherein each light output

pattern has a generally cone shaped light output.

20.  The backlight assembly according to claim 21, wherein the integral surface
diffuser produces generally elliptical shaped light output patterns, each having a
generally ellipse shaped pattern of light.

21.  The backlight assembly according to claim 26, wherein the ellipse shaped

patterns each have a long component having an angle ranging between about 30°and
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about 100°, and a short component having an angle ranging between about 0.2° and

about 10°.

22. A method of increasing brightness of a backlight assembly, the method
comprising the steps of:

providing a light pipe with a front surface, a back surface, and at least one
edge;

forming an integral surface diffuser directly in the front surface of the light
pipe;

applying a plurality of silk screen dots on the back surface of the light pipe;

placing a light source adjacent the at least one edge of the light pipe; and

placing the light pipe adjacent a display of the backlight assembly and

illuminating the light source.

23.  The method according to claim 28, further comprising the step of:
placing a light diffusing film layer adjacent the front surface of the light pipe
creating an air gap between the integral surface diffuser and a smooth back surface

of the light diffusing film layer.

24.  The method according to claim 29, further comprising the step of:

placing a pair of brightness enhancing film layers stacked on top of one
another adjacent the front surface of the light pipe and over the light diffusing film
layer, wherein the brightness enhancing film layers are oriented essentially parallel
to one another and rotated 90° relative to one another so that light exiting the light
pipe is collimated in all directions toward a normal relative to the front surface of

the light pipe.

25.  The method according to claim 28, wherein the step of forming an integral
surface diffuser further comprises:
embossing a micro-structure on the front surface of the light pipe after the

light pipe is formed thereby defining the integral surface diffuser.
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26.  The method according to claim 28, wherein the step of forming an integral
surface diffuser further comprises:
molding a micro-structure into the front surface of the light pipe when the

light pipe is molded thereby forming the integral surface diffuser in the light pipe.

27.  The method according to claim 28, wherein the step of forming the integral
surface diffuser further comprises:

spreading an epoxy layer on the front surface of the light pipe, replicating a
micro-structure in the epoxy layer, and curing the epoxy layer on the front surface

of the light pipe thereby forming the integral surface diffuser.

28. A method of eliminating diagonal lines from a backlight assembly, the
method comprising the steps of:
providing a light pipe having a front surface, a back surface, and at least one
edge;
forming a plurality of grooves in the back surface of the light pipe;
forming an integral surface diffuser directly in the front surface of the light
pipe;
placing at least one light source adjacent the at least one edge of the light
pipe; and
placing the front surface of the light pipe adjacent a display of the backlight

assembly and illuminating the light source.

29.  The method according to claim 34, further comprising the step of:
providing a directional turning film layer having a plurality of optical
elements formed on one side of the layer and a smooth surface on an opposite side
of the layer; and
placing the directional turning film layer adjacent the front surface of the
light pipe so that the smooth surface of the layer faces the integral surface diffuser

of the light pipe thereby creating an air gap between the directional turning film
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layer and the light pipe.

30. A method of creating an air gap between a light pipe and a display of a
backlight assembly, the method comprising the steps of:
5 forming an integral surface diffuser micro-structure on a front surface of the
light pipe;
providing a separate light diffusing film layer having at least one smooth
side; and
placing the smooth side of light diffusing film layer adjacent the front surface
10 of the light pipe thereby creating an air gap between the micro-structure of the

integral surface diffuser and the smooth side of the light diffusing film layer.

31. A method of forming an air gap between a light pipe and a display of a
backlight assembly, the method comprising the steps of:

15 forming an integral surface diffuser micro-structure in a front surface of the

light pipe;
providing a directional turning film having a plurality of optical elements on

one side of the film layer and a smooth surface on an opposite side of the film layer;
and

20 placing the smooth surface of the directional turning film layer adjacent the

micro-structure of the integral surface diffuser of the light pipe.



WO 01/04579

&/
2, . /zy
22 7%
59— L
75
Z4<::P - 75
A ' =3
S 4
cf—H— : +—5
|
_ L.
=9
PRIOR ART
FIG 1 BRIGHTNESS
P
46 — , _'W
v -50
| gt
i L
sé S
60— N ———0 ./
5z
A ———— -/
I "i; — 68
46
Al a4
A2°
PRIOR ART
FIG 3

1/3

PCT/US00/18024

IE—t

0
(TEGREES)

FIG 2

Q»—zsz

+370




WO 01/04579 PCT/US00/18024

LRIGHTNESS

Z7F r
V
I + + A
- 90 0 FLO 490
(DEGREES)
/02
BRIGHTNESS
/0
/08—
/06— P2
e sz
| at
/2=
& | 1 M
- 70 o +70
(ZEGREES)

FIG 7

2/3



WO 01/04579

/a2

PCT/US00/18024

/30
/[ FF
s /AL
7 /L
pry /FS
Ve 17
/FE
FIG 8 o
- L— /50
S+
—
_ J/
-

7/_7”3




INTERNATIONAL SEARCH REPORT International application No.
PCT/US00/18024

A. CLASSIFICATION OF SUBJECT MATTER

IPC(7) :GOID 11/28
USCL : 36231

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 362/31

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,485,291 A (QIAO ET AL.) 16 JANUARY 1996 (16.01.1996) | 28

SEE FIGURE 1

A 1-27, 29-31

X, P | US 5,926,033 A (SAIGO ET AL.) 20 JULY 1999 (20.07.1999) | 1, 2, 10, 22
SEE FIGURES 1-13

A, P 3.9, 11-21, 23-31
X US 5,852,514 A (TOSHIMA ET AL. 22 DECEMBER 1998 | 30, 31
(22.12.1998) e

A SEE FIGURE 1 ‘ 1-29

D Further documents are listed in the continuation of Box C. D See patent family annex.

. Special categories of cited documents: “T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" docurnient defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
. . - 'Y F i ; i i b
"E" earlier document published on or after the mnternational filing date X document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
"L document which may throw doubts on priority claim(s) or which 1s when the document is taken alone
cited to establish the publication date of another citation or other . .
special reason (as specified) "y document of particular relevance; the claimed invention cannot be
considered to mvolve an inventive step when the document is
"o" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than g » document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
25 AUGUST 2000 14 SEPT 2000
Name and mailing address of the ISA/US Authfrized officer.

Commissioner of Patents and Trademarks A A [ = ~
Box PCT \ ) Y~ N
Washington, D.C. 20231 - LAURATSO . L QLL\%

Facsimile No.  (703) 305-3230 ’Hélephone No. ('703) 305-1672

Form PCT/ISA/210 (second sheet) (July 1998) *



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

