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LIGHTGUIDE HAVING A DIRECTLY SECURED REFLECTOR AND
METHOD OF MAKING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to lightguides such as
used for illuminating display devices, and more
particularly, the invention relates to a lightguide having a

directly secured reflector.

Description of the Related Technology

Backlit display devices, such as liquid crystal display
(LCD) devices, commonly use a slab or wedge-shaped
lightguide. The lightguide distributes light from a
substantially linear source, such as a cold cathode
fluorescent lamp (CCFL), to a substantially planar output.
The planar light output of the lightguide is used to
illuminate the LCD.

A measure of the performance of the display device is
its brightness, and each of the components of the display
device contributes, either positively or negatively, to its
brightness. From a subjective standpoint, relatively small
increases or decreases in overall brightness are not easily
perceived by the end user of the display device. However,
the display device designer is discouréged by even the
smallest decreases in overall brightness including decreases
so small they might only be perceived by objective
measurement. This is because the display brightness and the
power requirements of the display are closely related. 1If
overall brightness can be increased without increasing the

required power, the designer can actually allocated less
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power to the display device, yet still achieve an acceptable
level of brightness. For battery powered portable devices,
this translates to longer running times.

As is well known, the purpose of the lightguide is to
provide for the distribution of light from the light source
over an area much larger than the light source, and more
particularly, substantially over an entire output surface
area of the lightguide. 1In slab, wedge and pseudo-wedge
lightguides, light typically enters the lightguide along an
edge surface and propagates between a back surface and the
output surface from the edge surface toward an opposing end
surface of the lightguide by total internal reflection
(TIR). In slab and certain wedge lightguides, the back
surface includes structures, e.g., dots in a pattern,
facets, etc. A light ray encountering one of these
structures is redirected, i.e., either diffusely or
specularly reflected, in such a manner that it is caused to
exit the output surface. In other wedge lightguides, light
is extracted by frustration of the TIR. A ray confined
within the lightguide by TIR increases its angle of
incidence relative to the plane of the top and bottom wall,
due to the wedge angle, with each TIR bounce. The light
eventually refracts out of the output surface at a glancing
angle thereto, because it is no longer contained by TIR.

Some light rays also exit the back surface of the
lightguide. Light rays also may be reflected by other
elements of the display system back into the lightguide, and
these light rays continue through the lightguide toward and
through the back surface. To prevent the light rays that
exit or pass through the back surface from being lost, it is
known to provide a reflector adjacent the back surface to

reflect these rays back into and through the lightguide. By
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providing the reflector the brightness of the lightguide is
increased.

The light rays exiting the back surface of the wedge
lightguide by frustration of TIR do so at an exit angle of
about 65°-85°. Especially in the 80°-85° range, the
percentage of exiting light rays is low due to the
constraints of Fresnel surface reflection near the critical
angle. However, once these rays have exited it is equally
difficult for them to reenter the lightguide when reflected
between the back surface and the parallel positioned
specular reflector. The result is the light becoming
trapped between the lightguide back surface and the
reflector. With every encounter of the light rays with the
reflector, losses occur. The result is a loss of light that

might otherwise be used to contribute to display brightness.

SUMMARY OF THE INVENTION

In one aspect of the invention a lightguide includes an
input edge surface, a back surface and an output surface. A
reflector is directly secured to the back surface by, for
example, adhesive bonding.

In another aspect of the invention, an illumination
device includes a lightguide having an integral back
reflector.

In still another aspect of the invention, a reflector
is secured to a back surface of a lightguide by a patterned
layer of adhesive.

In yet another aspect of the invention, a polarizer is
directly secured to a lightguide by a layer of adhesive.

A method of making a lightguide with a directly secured

reflector is also encompassed by the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The many advantages and features of the present
invention will become apparent to one of ordinary skill in
the art from the following detailed description of several
preferred embodiments of the invention with reference to the
attached drawings wherein like reference numerals refer to
like elements throughout and in which:

Fig. 1 is a schematic illustration of an illumination
device including a wedge lightguide and a back reflector
directly secured to the lightguide in accordance with an
embodiment of the invention;

Fig. 2 is a schematic illustration of an illumination
device including a wedge lightguide and a back reflector
directly secured to the lightguide in accordance with an
alternate embodiment of the invention;

Fig. 3 is a schematic illustration of an illumination
device including a wedge lightguide and a back reflector
directly secured to the lightguide in accordance with an
alternate embodiment of the invention;

Fig. 4 is a schematic illustration of an illumination
device including a pseudo-wedge lightguide and a back
reflector directly secured to the lightguide in accordance
with an alternate embodiment of the invention;

Fig. 5 is a schematic illustration of an illumination
device including a lightguide and a back reflector directly
secured to the lightguide in accordance with an embodiment
of the invention;

Fig. 6 i1s a schematic illustration of an adhesive
pattern suitable for use in the illumination device of Fig.

5;
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Fig. 7 1s a schematic illustration of an adhesive
pattern suitable for use in the illumination device of Fig.
5;

Fig. 8 is a schematic illustration of an illumination
device including a lightguide and a back reflector directly
secured to the lightguide in accordance with an alternative
embodiment of the invention;

Fig. 9 is a schematic illustration of a display device
including a lightguide and a directly secured polarizer in
accordance with an embodiment of the invention; and

Fig. 10 is a schematic illustration of a display device
including a lightguide and a directly secured polarizer in

accordance with an alternate embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention is described in terms of several
preferred embodiments, and particularly, in terms of a
lightguide suitable for use in a backlighting system
typically used in flat panel display devices, such as a
laptop computer display or a desktop flat panel display.

The invention, however, is not so limited in application and
one of ordinary skill in the art will appreciate that it has
application to virtually any optical system, for example, to
flat panel televisions. Therefore, the embodiments
described herein should not be taken as limiting of the
broad scope of the invention.

Referring to Fig. 1, an illumination system 10 includes
a light source 12; a light source reflector 14 and a
lightguide 16. The light source 12 may be a CCFL that
provides light to an input edge surface 18 of the lightguide
16. The light source reflector 14 may be reflective film

that wraps around the light source 12 forming a cavity 15.
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The lightguide 16 may be an optically transmissive
monolithic wedge including a back surface 20 and an output
surface 22. The lightguide 16 also includes an end surface
24 opposing the input edge surface 18. It will be
appreciated that the lightguide 16 may be a slab or a
pseudo-wedge. Each of the back surface 20 and the output
surface 22 is substantially plano with the back surface
converging at the wedge angle toward the output surface.
This configuration for the lightguide 16 provides for
propagating light from the input edge surface 18 between the
back surface 20 and the output surface 22 toward the end
surface 24 by TIR and for the extraction of light by
frustration of the TIR.

Directly secured to the back surface 20 is a high
efficiency specular reflector 26. Preferably the reflector
is 85% reflective, more preferably 95% reflective and most
preferably greater than 97% reflective, i.e., less than 3%
absorptive losses. Also, the reflector 26 should remain
fully specular as a reflector about an entire expected range
of incident angles. In a preferred embodiment, the
reflector 26 is a mirror film that is directly secured, such
as by lamination using an adhesive, to the back surface 20.
In this regard, the reflector 26 may be a 3M High Reflective
Visible Mirror product available from the Minnesota Mining
and Manufacturing Company of St. Paul, Minnesota, that is
formed of numerous polymeric layers. Alternatively, the
reflector 26 may be a film formed by the vacuum deposition
of numerous layers of polymeric material. Such a film would
require numerous layers wherein particular layers are
arranged to reflect particular light wavelengths.

The lamination of the reflector 26 to the back surface
20 may be accomplished by adhesive bonding using UV cure,

pressure sensitive or other suitable adhesives.
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Alternatively, the reflector 26 may be formed on the back
surface 20 using a deposition process, e.g., a metal
deposition process, or other methods of laying down
reflective surface. Directly securing the reflector 26 to
the back surface 20 provides an efficient specular reflector
that retains the TIR containment of the light being guided.
In addition, directly securing the reflector reduces or
eliminates loses that occur due to the trapping of light
between the back surface 20 and the reflecting surface of
the reflector 26. The reflector 26 further acts as a low
loss specular reflector to light reentering the lightguide
16 in recycling, brightness enhanced systems.

The reflector 26 may be bonded to the lightguide 16
using a uniformly distributed slightly diffuse adhesive. In
a wedge lightguide, the diffuse adhesive acts as the
frustrator of TIR. The diffuse adhesive can also act to
very slightly scatter recycles light in non-one pass
systems.

A result of directly securing the back reflector to the
lightguide is that the arrangement is extremely efficient at
getting light out of the output surface of the lightguide.

A drawback is that non-uniformities, imperceptible or only
moderately perceptible in prior designs, are significant.
Referring to Fig. 2, an illumination device 30 in accordance
with an alternate embodiment of the invention includes a
lightguide 32 with a diffuser 34 formed in the output
surface 36 to hide or mask non-uniformities.

The diffuser 34 may be formed integrally with the
lightguide 32 by the inclusion of diffusive particles within
the body of the lightguide 32, or a diffuser film may be
directly secured, such as by adhesive bonding, to the output
surface 36 of the lightguide 32. More preferably, the
diffuser 34 may be formed directly in the output surface 36.
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In this regard, the diffuser 34 may be a uniform diffuser
formed in the output surface. More preferably, the diffuser
34 incorporates programmed optical structures having a
configuration described in commonly assigned US patent
application entitled “Optical Element Having Programmed
Optical Structures” filed of even date herewith (attorney
docket no. 28724/35321), the disclosure of which is hereby
expressly incorporated herein by reference. In this regard,
and referring to Fig. 3, the diffuser 34’ may include in-
phase optical structures that have varying characteristics,
for example tapering to naught from edge surface 18 to end
surface 24, to selectively provide differing amounts of
optical power at various locations of the output surface 36.
While the addition of either the diffuser 34 or diffuser 34’
may result in a decrease in the on-axis brightness of the
illumination device 30 as compared to illumination device 10
without the diffuser, brightness is still increased as
compared to prior illumination device designs and non-
uniformities are significantly reduced. In an alternative
arrangement the diffuser 34’ may be formed with out-of-phase
optical structures that have varying characteristics to
selectively provide differing amounts of optical power at
various locations of the output surface 36.

As discussed in the afore-mentioned US patent
application “Optical Element Having Programmed Optical
Structures” virtually any tool configuration may be used to
create the programmed optical structures forming diffuser
34. A tool having a flat tip may enhance the on-axis
brightness of the illumination device 30.

As discussed above, the reflector may be secured to the
lightguide by lamination using adhesives. Care must be
taken to prevent contaminants from being introduced into the

interface between the lightguide and the reflector. In this
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regard, adhesive may be applied to the lightguide and an
adhesive free film manipulated into position with respect to
the lightguide.

Referring now to Fig. 4, lightguide 40 includes an
input edge surface 42, an opposing end surface 44, an output
surface 46 and a back surface 48. Directly secured to the
back surface 48 is a reflector 50. The lightguide 40 is
shown as a slab, and the back surface 48 is formed with a
plurality of optical structures 52. This configuration is
referred to herein as a pseudo-wedge. The lightguide 40 may
be cast to include the optical structures 52 or the optical
structures 52 may be formed using suitable microreplication
techniques in the back surface 48. The purpose of the
optical structures 52 is to make the extraction of light
from the lightguide 40 more uniform.

The reflector 50 is preferably directly secured to the
back surface 48. 1In this regard, a thin layer of adhesive
may be applied to either the plano surfaces 54 of the back
surface 48 between the structures 52, or the adhesive may be
applied to the reflector 50. A thin layer of adhesive is
preferred so as not to fill the optical structures 52. As
further shown in Fig. 3, the output surface 46 of the
lightguide 40 may be formed with structures 52, which may be
uniform or programmed.

Turning now to Fig. 5, an illumination device 60
includes a light source 62 with a light source reflector 64
forming a cavity 65 around the light source 62. The light
source may be a CCFL. The light source 62 is arranged to
provide light to an input edge surface 66 of the lightguide
68. The lightguide 68 is shown as a slab; however, it
should be appreciated that the lightguide 68 may be a wedge
or a pseudo-wedge. The lightguide 68 includes a back
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surface 70, an output surface 72 and an end surface 74
opposite the input edge surface 66.

The illumination device 60 also includes a diffuse
reflector 76. A pattern of adhesive 78 is formed, such as
by pattern transfer, onto the reflector 76, and the adhesive
78 is used to directly secure the reflector 76 to the back
surface 70 of the lightguide 68. The pattern for the
adhesive 78 is arranged with a spacing and density chosen to
extract light efficiently and uniformly from the lightguide
68. A light ray 79 from the light source 62 encountering
the adhesive 78 is diffusely reflected and extracted from
the lightguide 68.

It will be appreciated that while the pattern of
adhesive 78 is described as being formed on the reflector
76, the pattern of adhesive 78 may be formed on the
lightguide 68. Such an arrangement may facilitate handling
of the reflector 76, which is preferably a diffuse
reflective film.

The adhesive 78 may be formed in a pattern of dots 75,
such as illustrated in Fig. 6, distributed with an
appropriate density and spacing to provide for the uniform
extraction of light from the lightguide 68. The dots may be
up to 1 mm in diameter where a diffuser is used between the
lightguide 68, or where the lightguide 68 incorporates a
diffuser, for example, by forming the diffuser into the
output surface 72. The dots may also be made sufficiently
small, for example less than 100 microns, so as to eliminate
the need for a diffuser to obscure them. Alternatively, the
pattern may be a plurality of spaced segments 77 as
illustrated in Fig. 7. Of course patterns including other
shapes may be used, providing that for the pattern selected
the percentage of area covered by the pattern remains the

same.

10
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The illumination device 60’ illustrated in Fig. 8 is
similar in construction to the illumination device 60 of
Fig. 5, and like reference numerals are used to represent
like elements. 1In the illumination device 60’, the
reflector 76 is directly secured to the lightguide 74 by a
continuous layer of adhesive 73. A diffuse pattern 71 is
formed on a surface of the reflector 76. The diffuse
pattern 71 provides for extraction of 1light from the
lightguide 74 while the continuous layer of adhesive 73
eliminates air gaps between the reflector 76 and the
lightguide 74. One of skill in the art will appreciate that
the diffuse pattern 71 may alternatively be formed on the
lightguide 74 and the reflector 76 directly secured by the
continuous layer of adhesive 73. It should also be
appreciated that the diffuse pattern 71 may be formed using
a diffuse adhesive, paint, ink or similar material

A further advantage of each of the embodiments of the
invention is the elimination of a support frame for the back
reflector. Existing designs utilize a frame member to
support the reflector. By directly securing the reflector
to the lightguide the support frame is no longer required,
resulting in fewer parts in the display system and a lighter
overall display.

Referring now to Fig. 9, a display device 80 includes
an illuminating device 82 and a liquid crystal display (LCD)
84. The illuminating device 82 includes a light source 86
and a lightguide 88. The lightguide 88 includes an input
edge surface 90, a back surface 92, an output surfaée 94 and
an end surface 96. A reflector 98 is provided, and may be
directly secured to the back surface 92 although such a
configuration is not required. The LCD 84 includes a bottom
surface panel 100 and a top surface panel 102, which

together contain a liquid crystal layer 104.

11
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A polarizer 106 is directly secured to the output
surface 94. The polarizer 106 may be a reflective polarizer
such as described in commonly assigned U.S. Patent Nos.
5,828,488 and 5,783,120, the disclosures of which are hereby
expressly incorporated herein by reference. The polarizer
106 also may be a cholesteric polarizer or another type of
polarizer.

The polarizer 106 is preferably secured directly to the
output surface 94 by a layer 108 of adhesive. The adhesive
may be transmissive having an index the same or very nearly
the same as the lightguide 88. The adhesive my also be
diffuse. For a diffuse adhesive small dielectric particles
may be placed into the adhesive resin. The dielectric
particles would be selected to have a small difference in
refractive index as compared to the resin, and may be either
polarization preserving or polarization scattering depending
largely on the type of the polarizer. The diffuse nature of
the adhesive may advantageously provide for the masking of
non-uniformities in the output of the illumination device
80.

It would also be possible, and in some instances
desirable, to mask non-uniformities in the output of the
illumination device 80 by forming a optical structures into
the output surface 112 of the reflective polarizer 106. The
optical structures may provide a uniform amount of diffusion
over the entire output surface 112. Alternatively, the
optical structures may be formed as described in the afore-
mentioned U.S. patent application entitled “Optical Element
Having Programmed Optical Structures.”. As such, the
optical structures would provide varying amounts of optical
power over the output surface 112.

The polarizer 106 may require alignment such that its

transmissive properties correspond with the transmissive

12
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properties of the LCD 84. While certain implementations
will require the illumination system be polarization
preserving, it may also be desirable to provide some
polarization scattering within the illumination system 82.
This can be accomplished as described above by using
polarization scattering diffuse adhesive to directly secure
the polarizer 106 to the output surface 94. 1In the display
80’ illustrated in Fig. 10, which is similar in connection
to the display 80 shown in Fig. 9 and like reference
numerals are used to represent like elements, a polarization
retarder 114, such as a birefringent film retarder, is
disposed between the back surface 92 and the reflector 98.
The polarization retarder 114 may be directly secured, such
as by lamination, to the back surface 92, and the reflector
98 directly secured, such as by lamination, to the
polarization retarder 114, although such a configuration is
not required. It should be appreciated, in fact, that the
polarization retarder 114 may be disposed between the
polarizer 106 and the output surface 94 of the lightguide
88.

The invention has been described in terms of several
preferred embodiments. Modifications and alternative
embodiments of the invention will be apparent to those
skilled in the art in view of the foregoing description.
This description is to be construed as illustrative only,
and is for the purpose of teaching those skilled in the art
the best mode of carrying out the invention. The details of
the structure and method may be varied substantially without
departing from the spirit of the intention, and the
exclusive use of all modifications which come within the

scope of the appended claims is reserved.
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1. A lightguide comprising:

an optically transmissive monolith having an input

edge, a back surface and an output surface; and

a reflector directly secured to the back surface.

2. The lightguide of claim 1, wherein the reflector is

laminated to the back surface.

3. The lightguide of claim 1, wherein the reflector

comprises a substantially non-absorbing specular reflecting

film.

4. The lightguide of claim 1, further comprising a

diffuser formed in the output surface.

5. The lightguide of claim 4, wherein the diffuser

comprises a plurality of programmed optical structures

providing preselected differing amounts of optical power at

preselected differing locations on the output surface.

6. The lightguide of claim 1, wherein the monolith

includes diffusive particles distributed within a volume of

the monolith.

7. The lightguide of claim 1, wherein the monolith

comprises one of a slab,

a wedge and a pseudo-wedge.

14
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8. The lightguide of claim 1, wherein the reflector is
secured to the monolith by a patterned layer of adhesive,
wherein the patterned layer of adhesive is arranged to

extract light from the lightguide.

9. The lightguide of claim 8, wherein the patterned layer

of adhesive comprises a dot pattern.

10. The lightguide of claim 8, wherein the adhesive is

diffuse.

11. An illumination device comprising:

a light source including a light source reflector
forming a light source cavity about the light source;

an optically transmissive monolith having an input
edge, a back surface and an output surface, wherein the
light source is disposed to provide light to the input edge;
and

a reflector formed integral with the back surface.

12. The illumination device of claim 11, wherein the

reflector is laminated to the back surface.

13. The illumination device of claim 11, wherein the
reflector comprises a substantially non-absorbing specular

reflecting film.

14. The illumination device of claim 11, further comprising

a diffuser formed in the output surface.

15. The illumination device of claim 14, wherein the
diffuser comprises a plurality of programmed optical

structures providing preselected differing amounts of

15
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optical power at preselected differing locations on the

output surface.

16. The illumination device of claim 11, wherein the
monolith includes diffusive particles distributed within a

volume of the monolith.

17. The illumination device of claim 11, wherein the
monolith comprises one of a slab, a wedge and a pseudo-

wedge.

18. The illumination device of claim 11, wherein the

reflector is secured by a patterned layer of adhesive.

19. The illumination device of claim 18, wherein the

patterned layer of adhesive comprises a dot pattern.

20. The illumination device of claim 18, wherein the

adhesive comprises a diffuse adhesive.

21. The illumination device of claim 11, further comprising

a polarizer directly secured to the output surface.

22. The illumination device of claim 21, wherein the

polarizer is secured by a continuous layer of adhesive.

23. The illumination device of claim 22, further comprising
a polarization retarder disposed between the polarizer and

the reflector.

24. A method of making a lightguide comprising:
providing an optically transmissive monolith having an

input edge, a back surface and an output surface;

16
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providing a reflector, the reflector being sized to
substantially cover the entire back surface; and

securing the reflector to the back surface.

25. The method of claim 24, wherein the step of securing

comprises bonding the reflector to the back surface.

26. The method of claim 24, wherein the steps of providing
a reflector and securing the reflector comprise forming the

reflector on the back surface.

27. The method of claim 24, wherein the reflector comprises

a substantially non-absorbing specular reflecting film.

28. A lightguide comprising:
an optically transmissive monolith having an input
edge, a back surface and an output surface; and

a polarizer directly secured to the output surface.

29. The lightguide of claim 28, further comprising a

reflector directly secured to the back surface.

30. The lightguide of claim 28, wherein the polarizer

comprises a reflective polarizer.

31. The lightguide of claim 28, wherein the polarizer is

directly secured by a patterned layer of adhesive.

32. The lightguide of claim 31, wherein the polarizer is

directly secured by a continuous layer of adhesive.

33. The lightguide of claim 28, further comprising a

diffuser formed in an output surface of the polarizer.

17
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