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(57) ABSTRACT 

Alight guide having a non-light emitting portion made up of 
multiple layers of first and Second Substantially non 
absorptive longitudinally specular light reflector materials. 
The index of refraction of each layer differs from the indices 
of refraction of the immediately adjacent layers, Such that 
the layers collectively have high longitudinally specular 
reflectivity. The light guide also has a light emitting portion 
made of prism light guide wall material. A Substantially 
non-absorptive light Scattering mechanism is positioned 
within the non-light emitting portion in opposition to the 
light emitting portion. 
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LIGHT GUIDE EMPLOYING MULTILAYER 
OPTICAL FILM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

This application is directed to a light guide in which a 
highly reflective multilayer optical film is used to obtain 
efficient, uniform emission of diffuse light. 

BACKGROUND OF THE INVENTION 

The prior art has evolved a variety of light guides which 
are capable of distributing light along the light guide for 
controlled emission at one or more regions remote from the 
light source. U.S. Pat. No. 4,750,798 exemplifies one such 
prior art light guide. 

Such prior art light guides have predominantly reflective 
interior Surfaces. Accordingly, light rays entering one end of 
the guide are reflected by the guide's inner walls as the rays 
proceed to the other end of the guide. In many lighting 
applications, the light guide is designed to “leak' light in a 
controlled manner, Such that the amount of light emitted 
from the guide per unit length is acceptably uniform along 
the entire length of the guide, or along the entire length of 
each of the light guide's light emitting regions. 

U.S. Pat. No. 4.984,144 (Cobb, Jr. et al) discloses a 
prismatic refractive optical lighting film (hereafter “prism 
light guide wall material”) available from 3M, Inc. as 
“optical lighting film” under product nos. 2300 or 2301, 
which has been used to form a variety of prior art light 
guides. A common objective of Such prior art guides is to 
distribute light from a point Source over an area, to effi 
ciently uniformly illuminate the area. Generally, the objec 
tive is to maximize the efficiency with which light is 
distributed along and emitted from the guide, while mini 
mizing glare. Light guides formed of prism light guide wall 
material can emit light uniformly and diffusely over large 
areas with low glare relative to the level of illumination. 
Such guides are fabricated relatively easily and 
inexpensively, fulfilling a useful role. 

In popular types of Such prior art light guides the prism 
light guide wall material typically forms a tubular conduit. 
An extraction mechanism is provided inside the conduit. 
Light rays which enter the conduit from a light Source are 
ordinarily internally reflected by the wall material and 
guided along the conduit. But, certain light rays which 
encounter the extraction mechanism are reflected in Such a 
way that they are able to escape through the prism light 
guide wall material. However, light guides of this type are 
relatively inefficient in extracting diffuse light from the 
guide. This is because the light rays are typically reflected a 
number of times by a reflective cover outside the prism light 
guide wall material before they are emitted from the desired 
light emitting portion of the guide. In light guides con 
Structed with currently available materials, each Such reflec 
tion results in an absorption loss of about 5% to 10%. The 
net result is that about 25% of the available light is lost to 
absorption, instead of being emitted from the guide. In other 
words, the extraction efficiency of prior art light guides 
formed of prism light guide wall material is only about 75%. 

The extraction efficiency of a light guide formed of prism 
light guide wall material can be improved by using an 
alternative technique to extract light from the guide. In 
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2 
particular, instead of providing an extraction mechanism 
inside the prism light guide wall material, a number of holes 
are provided in the wall material over the region from which 
light is to be extracted from the guide, or the wall material 
is otherwise modified in that region. With this design, light 
rays which escape from the light guide generally undergo 
fewer reflections before escaping, So the overall extraction 
efficiency is higher. Typically, only about 5% of the 
extracted light is lost to absorption, So the extraction effi 
ciency is about 95%, which compares favourably to the 75% 
value in the previous example. A further advantage is that in 
Some cases it is desirable that the escaping light be highly 
directional, as in the illumination of very high narrow 
architectural Spaces. Such directionality is readily achieved 
with this alternative extraction technique. 

Despite the advantages of the foregoing alternative 
extraction technique it has not become popular, for two 
reasons. First, light guides constructed in accordance with 
this technique are generally considered to be leSS Visually 
attractive. For example, the light emitting Surface is per 
ceived as having a non-uniform distribution of light 
intensity, and as being too bright in Some places. Second, it 
is much more difficult to design and manufacture light 
guides which employ the alternative extraction technique. 
Prototyping Such designs typically involves an iterative 
procedure in which a Substantial amount of valuable prism 
light guide wall material is unavoidably destroyed. Manu 
facturing Such designs requires complex patterning technol 
ogy to yield the optimal distribution of extraction effect over 
the Surface of the prism light guide wall material. 
The present invention overcomes the foregoing problems 

by exploiting the properties of newly discovered multilayer 
optical film materials. 

SUMMARY OF THE INVENTION 

In accordance with the preferred embodiment, the inven 
tion provides a light guide having a non-light emitting 
portion made up of multiple layers of first and Second 
Substantially non-absorptive longitudinally Specular light 
reflector materials. The index of refraction of each layer 
differs from the indices of refraction of the immediately 
adjacent layers, Such that the layerS collectively have high 
longitudinally specular reflectivity. The light guide also has 
a light emitting portion comprising prism light guide wall 
material. A Substantially non-absorptive light Scattering 
mechanism is positioned within the non-light emitting por 
tion in opposition to the light emitting portion. 
The multiple-layered materials which make up the non 

light emitting portion of the light guide may alternatively be 
Such that each layer has a StreSS induced birefringence, with 
the layers collectively being birefringent over a range of 
uniaxial to biaxial orientation of the layers and having a 
collectively high longitudinally Specular reflectivity. AS 
another alternative, the layered materials may be first and 
Second Substantially non-absorptive polymers which differ 
in composition Such that the layers collectively have high 
longitudinally Specular reflectivity. 
The light guide's cross-section can be Substantially 

constant, or its cross-section may decrease along the guide. 
In either case, the width of the light Scattering mechanism 
may be increased as a function of length along the light 
guide. 

Advantageously, a low absorption lens may be positioned 
outside the light guide's light emitting portion. The light 
transmissivity characteristic of the lens may vary as a 
function of wavelength, polarization, angle, or a combina 
tion thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic croSS-Sectional illustration of a prior 
art light guide formed of prism light guide wall material and 
containing a light extraction mechanism. 

FIG. 2 is a Schematic croSS-Sectional illustration of a prior 
art light guide formed of prism light guide wall material in 
which a number of holes are provided in the wall material 
over the region from which light is to be extracted. 

FIG. 3 is a Schematic oblique perspective illustration, on 
a greatly magnified Scale, of two layers of a multilayer 
optical film material. 

FIG. 4 is a Schematic oblique perspective illustration, on 
a greatly magnified Scale, of Several layers of a multilayer 
optical film material formed by alternating layers of at least 
two different materials. 

FIGS. 5 and 6 are schematic cross-sectional illustrations 
of light guides formed of multilayer optical film material in 
accordance with the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Prior Art Background 
FIG. 1 is a Schematic croSS Section of a typical prior art 

light guide 10 formed of prism light guide wall material. An 
outer cover having an upper, typically opaque portion 12 and 
a lower translucent portion 14 protects internal components 
of light guide 10. A white reflective film 16 is provided 
immediately inside opaque cover portion 12 to reflect light 
propagated along guide 10 which would otherwise Strike 
opaque cover portion 12. A tubular conduit 18 formed of 
prism light guide wall material is provided inside film 16, to 
guide light emitted from a light Source (not shown) longi 
tudinally along light guide 10. A Section of white extractor 
film 20 is provided inside conduit 18, near the top portion 
thereof. Extractor film 20 scatters light rays reflected onto it, 
causing them to escape through conduit 18 for emission 
through translucent cover portion 14. 

In general, the width of extractor film 20 varies as a 
function of distance along light guide 10, in order to yield a 
light output which is reasonably uniform along the length of 
guide 10, notwithstanding the fact that the amount of light 
inside conduit 18 changes Substantially as a function of 
distance along guide 10. Persons Skilled in the art are readily 
able to customize the width variation of extractor film 20 for 
a particular light guide in order to attain the desired uniform 
light output. 

The dimensions of the light guide components illustrated 
in FIG. 1 may vary Significantly from one application to 
another in order to accommodate design objectives Such as 
the desired length of guide 10, the nature of the light Source, 
and the desired light output pattern. The guide's croSS 
Sectional shape need not be round; a variety of shapeS Such 
as ovals and rectangles are commonly used. 
The following general description characterizes all Such 

light guides formed of prism light guide wall material, of 
which FIG. 1 is exemplary. Light entering one end of 
conduit 18 is guided toward the opposed end, where the light 
encounters an end mirror (not shown) which reflects the 
light back toward its Source. AS the light is guided to the end 
mirror and back, almost all of the light escapes from guide 
10, due to the scattering effect of extractor film 20. More 
particularly, each light ray is internally reflected by conduit 
18 until the ray encounters extractor 20. Most rays incident 
upon extractor 20 are Scattered in directions to which 
conduit 18 is Substantially transparent, allowing Such rays to 
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4 
escape through conduit 18. AS explained above, light guides 
of this type are relatively inefficient in extracting diffuse 
light from the guide, due to absorption losses which occur as 
the light rays undergo multiple reflections against white 
reflective film 16 prior to emission from guide 10. 

FIG. 2 illustrates the aforementioned prior art technique 
for improving the extraction efficiency of a light guide 
formed of prism light guide wall material. AS in the case of 
light guide 10, light guide 22 (FIG. 2) has a protective outer 
cover with an upper opaque portion 24 and a lower trans 
lucent portion 26; a white reflective film 28; and a tubular 
conduit 30 formed of prism light guide wall material. A 
series of light extraction holes 32 are provided in conduit 30 
over the region from which light is to be extracted from 
guide 22. Light rays which escape from guide 22 through 
holes 32 generally undergo fewer internal reflections before 
escaping, So the extraction efficiency of guide 22 is generally 
better than that of guide 10, as explained above. 

Multilayer Optical Film 
In order to assist those skilled in the art in understanding 

the benefits attainable by constructing a light guide with a 
multilayer optical film a brief explanation of Such films is 
now provided. The advantages, characteristics and manu 
facturing of Such films are most completely described in 
U.S. patent application Ser. No. 08/402,041 filed Mar. 10, 
1995 titled “Optical Film”, which is incorporated herein by 
reference. Multilayer optical film is useful, for example, as 
highly efficient mirrors and/or polarizers. A relatively brief 
description of the properties and characteristics of multilayer 
optical film is presented below, followed by a description of 
an illustrative embodiment of a light guide employing 
multilayer optical film in accordance with the present inven 
tion. 

FIG. 3 shows two layers of a multilayer stack 100, and 
indicates the three dimensional indices of refraction for each 
layer. The indices of refraction for each layer are mix, my, 
and mZ for layer 102, and max, may, and maz for layer 104. 
The relationships between the indices of refraction in each 
film layer to each other and to those of the other layers in the 
film stack determine the reflectance behaviour of the mul 
tilayer Stack at any angle of incidence, from any azimuthal 
direction. The principles and design considerations 
described in U.S. patent application Ser. No. 08/402,041 can 
be applied to create multilayer Stacks having the desired 
optical effects for a wide variety of circumstances and 
applications. The indices of refraction of the layers in the 
multilayer Stack can be manipulated and tailored to produce 
the desired optical properties. 
An exemplary multilayer optical film of the present 

invention as illustrated in FIG. 4 includes a multilayer stack 
100 having alternating layers of at least two materials A and 
B. At least one of the materials, material A for example, has 
the property of StreSS induced birefringence, Such that the 
index of refraction of the material is affected by the stretch 
ing proceSS in the direction that the film is Stretched. Before 
Stretching, both materials may have the same index of 
refraction. Stretching the Stack in the X-direction, for 
example, increases the index of refraction of material A in 
the Stretch direction. This uniaxial (one directional) stretch 
ing results in a refractive index difference between layers 
(Amx) in the stretch direction. This refractive index differ 
ence between layers will cause light polarized in the plane 
defined by the stretch direction (i.e., the X-Z plane) to be 
reflected. If there is no stretching in the y-direction, there is 
no refractive index difference in the y-direction (i.e., Amy=0) 
and thus light polarized in the y-Z plane is transmitted. 



US RE37,594 E 
S 

Stretching in one direction thus results in a multilayer 
reflecting polarizer. 

If the film is biaxially stretched, i.e., stretched in both the 
X and y directions, a refractive indeX difference in both 
directions is created. Thus, light polarized in both the X-Z 
and the y-Z planes is reflected. Thus a biaxially Stretch 
multilayer Stack acts as mirror. By Stretching the multilayer 
Stack over a range of uniaxial to biaxial orientation, a film 
is created with a range of reflectivities for differently ori 
ented plane-polarized incident light. The multilayer Stack 
can thus be made useful as reflective polarizers, mirrors, or 
partial mirrors, depending upon the desired end-use appli 
cation. 

To achieve high off-axis reflectivity as well as high 
reflectivity for light at normal incidence, it has been found 
that the relationship of the refractive index difference in the 
Z-direction (i.e., Amz) is very important. Ideally, for both 
mirrors and polarizers, a Z-index match (i.e., the condition 
Amz=0) ensures high off angle reflectivity (for both polar 
izations in the case of mirrors, and for the reflection polar 
ization in the case of polarizers). However, for those polar 
izers where an exact Z-index match is not possible, the 
y-indeX difference can be manipulated to ensure that off 
angle reflectivity is maximized. In this case, the Sign of the 
y-indeX difference preferably matches the Sign of the Z-indeX 
difference. 

Multilayer optical films as used in conjunction with the 
present invention exhibit relatively low absorption of inci 
dent light, as well as high reflectivity for off axis as well as 
normal light rays as described above. Multilayer optical 
films constructed according to the present invention exhibit 
a Brewster angle (the angle at which reflectance goes to Zero 
for light incident at any of the layer interfaces) which is very 
large or is nonexistent. In contrast, known multilayer poly 
mer films exhibit relatively small Brewster angles at layer 
interfaces, resulting in transmission of light and/or undesir 
able iridescence. The multilayer optical films according to 
the present invention, however, allow for the construction of 
mirrors and polarizers whose reflectivity for p polarized 
light decrease slowly with angle of incidence, are indepen 
dent of angle of incidence, or increase with angle of inci 
dence away from the normal. As a result, multilayer Stacks 
having high reflectivity for both S and p polarized light over 
a wide bandwidth, and over a wide range of angles can be 
achieved. 

Referring again to FIG. 4, the multilayer stack 100 can 
include tens, hundreds or thousands of layers, and each layer 
can be made from any of a number of different materials. 
The characteristics which determine the choice of materials 
for a particular Stack depend upon the desired optical 
performance of the Stack. The Stack can contain as many 
materials as there are layers in the Stack. For ease of 
manufacture, preferred optical thin film Stacks contain only 
a few different materials. 
The preferred multilayer Stack is comprised of low/high 

indeX pairs of film layers, wherein each low/high indeX pair 
of layerS has a combined optical thickness of 72 the centre 
wavelength of the band it is designed to reflect. Stacks of 
Such films are commonly referred to as quarterwave StackS. 
For multilayer optical films concerned with the visible and 
the near infrared wavelengths, a quarterwave Stack design 
results in each of the layers in the multilayer Stack having an 
average thickness of not more than 0.5 microns. 

In those applications where reflective films (e.g. mirrors) 
are desired, the desired average transmission for light of 
each polarization and plane of incidence generally depends 
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6 
upon the intended use of the reflective film. One way to 
produce a multilayer mirror film is to biaxially stretch a 
multilayer Stack which contains a birefringent material as 
the high indeX layer of the low/high indeX pair. For a high 
efficiency reflective film, average transmission along each 
Stretch direction at normal incidence over the visible Spec 
trum (400–700 nm) is desirably less than 10% (reflectance 
greater than 90%), preferably less than 5% (reflectance 
greater than 95%), more preferably less than 2% (reflectance 
greater than 98%), and even more preferably less than 
1%(reflectance greater than 99%). The average transmission 
at 60 degrees from the normal from 400-700 nm is desirably 
less than 20% (reflectance greater than 80%), preferably less 
than 10% (reflectance greater than 90%), more preferably 
less than 5% (reflectance greater than 95%), and even more 
preferably less than 2% (reflectance greater than 98%), and 
even more preferably less than 1% (reflectance greater than 
99%). 

In addition, asymmetric reflectance films may be desir 
able for certain applications. In that case, average transmis 
Sion along one Stretch direction may be desirably less than, 
for example, 50%, while the average transmission along the 
other stretch direction may be desirably less than, for 
example 20%, over a bandwidth of, for example, the visible 
spectrum (400–700 nm), or over the visible spectrum and 
into the near infrared (e.g., 400-850 nm). 

Multilayer optical films can also be designed to operate as 
reflective polarizers. One way to produce a multilayer reflec 
tive polarizer is to uniaxially stretch a multilayer Stack. The 
resulting reflective polarizers have high reflectivity for light 
with its plane of polarization parallel to one axis(in the 
Stretch direction) for a broad range of angles of incidence, 
and Simultaneously have low reflectivity and high transmis 
Sivity for light with its plane of polarization parallel to the 
other axis (in the non-stretch direction) for a broad range of 
angles of incidence. By controlling the three indices of 
refraction of each film, mix, my and m2, the desired polarizer 
behaviour can be obtained. 

For many applications, the ideal reflecting polarizer has 
high reflectance along one axis (the So-called extinction 
axis) and Zero reflectance along the other (the so-called 
transmission axis), at all angles of incidence. For the trans 
mission axis of a polarizer, it is generally desirable to 
maximize transmission of light polarized in the direction of 
the transmission axis over the bandwidth of interest and also 
over the range of angles of interest. 
The average transmission at normal incidence for a polar 

izer in the transmission axis acroSS the visible spectrum 
(400–700 nm for a bandwidth of 300 nm) is desirably at least 
50%, preferably at least 70%, more preferably at least 85%, 
and even more preferably at least 90%. The average trans 
mission at 60 degrees from the normal (measured along the 
transmission axis for p-polarized light) for a polarizer from 
400-700 nm is desirably at least 50%, preferably at least 
70%, more preferably at least 80%, and even more prefer 
ably at least 90%. 
The average transmission for a multilayer reflective polar 

izer at normal incidence for light polarized in the direction 
of the extinction axis across the visible spectrum (400-700 
nm for a bandwidth of 300 nm) is desirably at less than 50%, 
preferably less than 30%, more preferably less than 15%, 
and even more preferably less than 5%. The average trans 
mission at 60 degrees from the normal (measured along the 
transmission axis for p-polarized light) for a polarizer for 
light polarized in the direction of the extinction axis from 
400-700 nm is desirably less than 50%, preferably less than 
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30%, more preferably less than 15%, and even more pref 
erably less than 5%. 

For certain applications, high reflectivity for p-polarized 
light with its plane of polarization parallel to the transmis 
Sion axis at off normal angles are preferred. The average 
reflectivity for light polarized along the transmission axis 
should be more than 20% at an angle of at least 20 degrees 
from the normal. 

In addition, although reflective polarizing films and asym 
metric reflective films are discussed Separately herein, it 
should be understood that two or more of Such films could 
be provided to reflect substantially all light incident on them 
(provided they are properly oriented with respect to each 
other to do so). This construction is typically desired when 
the multilayer optical film is used as a reflector in a backlight 
System according to the present invention. 

If Some reflectivity occurs along the transmission axis, the 
efficiency of the polarizer at off-normal angles may be 
reduced. If the reflectivity along the transmission axis is 
different for various wavelengths, colour may be introduced 
into the transmitted light. One way to measure the colour is 
to determine the root mean square (RMS) value of the 
transmissivity at a Selected angle or angles over the wave 
length range of interest. The % RMS colour, Cs, can be 
determined according to the equation: 

T 
CRMS = 

where the range 2 to 2 is the wavelength range, or 
bandwidth, of interest, T is the transmissivity along the 
transmission axis, and T is the average transmissivity along 
the transmission axis in the wavelength range of interest. For 
applications where a low colour polarizer is desirable, the % 
RMS colour should be less than 10%, preferably less than 
8%, more preferably less than 3.5%, and even more pref 
erably less than 2% at an angle of at least 30 degrees from 
the normal, preferably at least 45 degrees from the normal, 
and even more preferably at least 60 degrees from the 
normal. 

Preferably, a reflective polarizer combines the desired 9% 
RMS colour along the transmission axis for the particular 
application with the desired amount of reflectivity along the 
extinction axis acroSS the bandwidth of interest. For polar 
izers having a bandwidth in the visible range (400–700 nm, 
or a bandwidth of 300 nm), average transmission along the 
extinction axis at normal incidence is desirably less than 
40%, more desirably less than 25% preferably less than 
15%, more preferably less than 5% and even more prefer 
ably less than 3%. 

Materials Selection and Processing 
With the design considerations described in the above 

mentioned U.S. patent application Ser. No. 08/402,041, one 
of ordinary skill will readily appreciate that a wide variety 
of materials can be used to form multilayer reflective films 
or polarizers according to the invention when processed 
under conditions Selected to yield the desired refractive 
indeX relationships. The desired refractive indeX relation 
ships can be achieved in a variety of ways, including 
Stretching during or after film formation (e.g., in the case of 
organic polymers), extruding (e.g., in the case of liquid 
crystalline materials), or coating. In addition, it is preferred 
that the two materials have similar rheological properties 
(e.g., melt Viscosities) Such that they can be co extruded. A 
detailed description of the materials Selection and processing 
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conditions can be found in the above mentioned U.S. patent 
application Ser. No. 08/402,041, which is incorporated 
herein by reference. 

Light Guides Incorporating Multilayer Optical Film 
Currently available prism light guide wall materials are 

about 98% reflective for incident light rays falling within the 
material's acceptance angular range, and are highly trans 
missive for incident light rays falling outside that range. By 
contrast, multilayer optical film material can be made with 
higher reflectivity than the best currently available prism 
light guide wall materials, and in a manner which maintains 
Such higher reflectivity for all incident light angles. 
Accordingly, multilayer optical film is well Suited as a 
Substitute for prism light guide wall material in forming 
tubular conduits for guiding light from one place to another, 
provided there is no need to emit light from the conduit. 

Multilayer optical film can also be used to form light 
guides from which light can be efficiently extracted. Con 
sider first FIG. 5, which depicts a light guide 34 formed of 
multilayer optical film in accordance with one possible 
embodiment of the present invention. Light guide 34 is 
Similar to the FIG. 2 light guide 22, except that prism light 
guide wall material conduit 30 is replaced by tubular conduit 
36 formed of multilayer optical film. White reflector film 28 
is not required in guide 34, because virtually no light escapes 
through the highly reflective multilayer optical film 36 
toward opaque cover portion 38. Light extraction holes 40 
are provided in multilayer optical film conduit 36 over the 
region from which light is to be extracted through translu 
cent cover 41. 

Although guide 34 affords Superior extraction efficiency, 
it is still subject to some of the basic problems which affect 
guide 22. In particular, extraction holes 40 detract from the 
outward appearance of guide 34; and, it is difficult to design 
and manufacture guide 34 with the required size and/or 
pattern of extraction holes 40 (which must vary as a function 
of distance along guide 34 in a manner unique to each 
Specific design). Past experience with light guides embody 
ing the FIG. 2 design therefore suggests that the FIG. 5 
design would not be very Successful. 
Now consider FIG. 6, which depicts a light guide 42 

formed of multilayer optical film in accordance with another 
(and preferred) embodiment of the present invention. Light 
guide 42 is similar to the FIG. 1 light guide 10, except that 
prism light guide wall material conduit 18 is replaced by a 
hybrid tubular conduit 44 which is formed of multilayer 
optical film in the region adjacent opaque cover portion 46 
and formed of prism light guide wall material 48 in the 
region adjacent translucent cover portion 50. A Section of 
white extractor film 52 is provided inside conduit 44, near 
the top portion thereof, to Scatter light rays toward prism 
light guide wall material 48 at angles outside the angular 
range within which material 48 reflects incident light rays 
internally within guide 42. Such Scattered rays accordingly 
escape through prism light guide wall material 48 and are 
emitted through translucent cover portion 50. White reflec 
tor film is not required in guide 42, because virtually no light 
escapes through the highly reflective multilayer optical film 
44 toward opaque cover portion 46. 

Light guide 42 retains all the advantages of light guide 10, 
while substantially reducing the problem of extraction effi 
ciency loSS, Since multilayer optical film 44 reflects light 
along guide 42 with very low absorption loss. A further 
advantage is that multilayer optical film 44 can be bonded to 
opaque cover portion 46. For example, multilayer optical 
film 44 could be supplied bonded to a sheet metal substrate 
which could then be formed into the desired light guide 
shape, with the sheet metal constituting opaque cover por 
tion 46. 
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Another advantage to Such use of multilayer optical film 
technology is that the maximum aspect ratio of guide 42 will 
be Somewhat increased, due to the higher reflectivity of 
multilayer optical film 44. Further, the quality of the colli 
mation of the light Source is less critical, because multilayer 
optical film 44 has a wider acceptance angle range. 
An important characteristic of multiple layer optical film 

utilized in a light guide embodying the present invention is 
that the film be a longitudinally specular light reflector. AS 
used herein, the term “longitudinally specular light reflec 
tor” means a material for which the Z components of the unit 
direction vectors of the incident and reflected light rays are 
Substantially the Same, where the Z direction is parallel to the 
Surface of the material and is the longest direction of the 
light guide. Those skilled in the art will appreciate that a 
material which is "longitudinally Specular is not necessarily 
“specular”; but, that all “specular materials are also nec 
essarily “longitudinally specular. This distinction is 
important, as in Some cases there may be advantages to the 
use of longitudinally Specular materials which are not 
Specular, Such that they cause transverse Scattering or Some 
other modification of the transverse motion of the light rays 
as they travel down the guide. Materials which are “specu 
lar reflect light rays by reversing only the unit direction 
vector of the incident light ray which is normal to the Surface 
of the reflecting material, with the incident ray's other unit 
direction vectors remaining unchanged. Materials which are 
"longitudinally specular reflect light rayS Such that only the 
unit direction vector of the incident light ray which is 
parallel to the Surface of the reflecting material is 
unchanged, with the possibility that the incident ray's other 
unit direction vectors may be Scattered. 

Improved Light Extraction Materials 
State of the art materials used to form extractor films 20, 

52 absorb about 5% to 10% of the light incident upon them. 
In particular, absorption losses occur when light is initially 
Scattered by the extractor, with additional absorption losses 
occurring if the Scattered light does not immediately escape 
from the light guide but is internally reflected such that it is 
Subsequently again Scattered by the extractor. The latter 
effect becomes more significant as distance increases from 
the light Source, Since the extractor's width may necessarily 
be quite large at Such distances. 

Although this problem has always been present, previ 
ously there has not been much motivation to Solve it, 
because it did not have much impact on Overall efficiency of 
the light guide, having regard to the absorption losses of the 
prism light guide wall material used to form the light guide 
itself. But, with the introduction of highly reflective multi 
layer optical film technology, the problem becomes much 
more Significant. 

Using the best currently available material (which is about 
5% absorptive) to form extractor 52, the extraction effi 
ciency of light guide 42 is about 85%. If extractor 52 is 
99.5% reflective, the extraction efficiency rises to 95%. 
Thus, use of a very high efficiency extractor with multilayer 
optical film technology makes it possible to combine the 
outwardly perceptible aesthetic quality of light guide 10 
(FIG. 1) with the highly efficient light guide 22 (FIG. 2). 

Extractor 52 need not be highly reflective itself, because 
it can be mounted on the internal Surface of highly reflective 
multilayer optical film 44. Extractor 52 need only be capable 
of Scattering incident light, which can be achieved with a 
Single textured air-polymer interface. All that is required is 
that the polymer and the mounting adhesive be quite non 
absorptive. It is also desirable that the material used to form 
extractor 52 be easily handled and easily cut by hand and by 
electronic cutting equipment. 
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Typically, the cross-section of light guide 42 is Substan 

tially constant along the guide. Because the available light 
decreases as a function of length along light guide 42, 
extractor 52 is tapered by increasing its width as a function 
of length along guide 42 in the direction away from the light 
Source. Alternatively, or additionally, the cross-sectional 
area of the guide itself may be tapered as a function of length 
along the guide. 
A key feature of the invention is that light guide 42 

constitutes an optical cavity of high net reflectivity. In 
particular, if light rays are directed into the light emitting 
portion of the guide, a very high fraction of those rays will 
be re-emitted, in Stark contrast to previous light guide 
designs. This feature can be put to advantage by positioning 
a specialized film “lens' 54 outside light emitting cover 
portion 50 to distribute the emitted light in a preferred way. 
The lens preferably has a low light absorption characteristic, 
and, a light transmissivity characteristic which varies as a 
function of wavelength, polarization, angle or Some combi 
nation thereof. In this way the reflected light is recycled by 
light guide 42 and reused rather than being lost to absorption 
as in prior art guides. 
AS will be apparent to those skilled in the art in the light 

of the foregoing disclosure, many alterations and modifica 
tions are possible in the practice of this invention without 
departing from the Spirit or Scope thereof. Accordingly, the 
Scope of the invention is to be construed in accordance with 
the substance defined by the following claims. 
What is claimed is: 
1. A light guide, comprising in croSS-Section: 
(a) a non-light emitting portion comprising multiple lay 

ers of: 
(i) a first Substantially non-absorptive longitudinally 

Specular light reflector; 
(ii) a second Substantially non-absorptive longitudi 

nally Specular light reflector; 
each one of Said layerS having a Selected index of 

refraction which differs from the indices of refraction 
of layerS immediately adjacent Said one of Said 
layers, Such that Said multiple layers collectively 
have high longitudinally Specular reflectivity; 

(b) a light emitting portion comprising prism light guide 
wall material; and, 

(c) a Substantially non-absorptive light Scattering means 
positioned within Said non-light emitting portion in 
opposition to Said light emitting portion. 

2. A light guide as defined in claim 1, wherein: 
(a) said light guide cross-section is Substantially constant 

along Said light guide, and, 
(b) said light Scattering means has a width which 

increases as a function of length along Said light guide. 
3. A light guide as defined in claim 1, wherein: 
(a) said light guide cross-section decreases as a function 

of length along Said light guide; and, 
(b) said light Scattering means has a width which 

increases as a function of length along Said light guide. 
4. A light guide as defined in claim 1, further comprising 

a lens positioned outside Said light emitting portion, Said 
lens characterized by: 

(a) low light absorption; and, 
(b) light transmissivity which varies as a function of one 

or more of: 
(i) wavelength; 
(ii) polarization; and, 
(iii) angle. 

5. A light guide as defined in claim 1, further comprising 
an opaque cover Surrounding and bonded to Said non-light 
emitting portion. 
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6. A light guide as defined in claim 1, wherein Said light 
Scattering means comprises a non-absorptive, Single tex 
tured air-polymer interface bonded to Said non-light emitting 
portion by a non-absorptive adhesive. 

7. Alight guide as defined in claim 1, wherein each of Said 
layerS has a thickness of no more than 0.5 microns. 

8. A light guide, comprising in croSS-Section: 
(a) a non-light emitting portion comprising layers of first 

and Second Substantially non-absorptive polymers, Said 
first and Second polymers differing in composition Such 
that Said layerS collectively have high longitudinally 
Specular reflectivity; 

(b) a light emitting portion comprising prism light guide 
wall material; and, 

(c) a Substantially non-absorptive light Scattering means 
positioned within Said non-light emitting portion in 
opposition to Said light emitting portion. 

9. A light guide as defined in claim 8, wherein: 
(a) said light guide cross-section is Substantially constant 

along Said light guide, and, 
(b) said light Scattering means has a width which 

increases as a function of length along Said light guide. 
10. A light guide as defined in claim 8, wherein: 
(a) said light guide cross-section decreases as a function 

of length along Said light guide; and, 
(b) said light Scattering means has a width which 

increases as a function of length along Said light guide. 
11. A light guide as defined in claim 8, further comprising 

a lens positioned outside Said light emitting portion, Said 
lens characterized by: 

(a) low light absorption; and, 
(b) light transmissivity which varies as a function of one 

or more of: 
(i) wavelength; 
(ii) polarization; and, 
(iii) angle. 

12. A light guide as defined in claim 8, further comprising 
an opaque cover Surrounding and bonded to Said non-light 
emitting portion. 

13. A light guide as defined in claim 8, wherein Said light 
Scattering means comprises a non-absorptive, Single tex 
tured air-polymer interface bonded to Said non-light emitting 
portion by a non-absorptive adhesive. 

14. A light guide as defined in claim 8, wherein each of 
Said layerS has a thickness of no more than 0.5 microns. 

15. A light guide, comprising in croSS-Section: 
(a) a non-light emitting portion comprising multiple lay 

ers of: 
(i) a first Substantially non-absorptive longitudinally 

Specular light reflector; 
(ii) a second Substantially non-absorptive longitudi 

nally Specular light reflector; 
each one of Said layerS having a StreSS induced bire 

fringence Such that Said multiple layers are birefrin 
gent over a range of uniaxial to biaxial orientation of 
Said layers and Such that Said multiple layers collec 
tively have high longitudinally specular reflectivity; 

(b) a light emitting portion comprising prism light guide 
wall material; and, 

(c) a Substantially non-absorptive light Scattering means 
positioned within Said non-light emitting portion in 
opposition to Said light emitting portion. 

16. A light guide as defined in claim 15, wherein: 
(a) said light guide cross-section is Substantially constant 

along Said light guide, and, 
(b) said light Scattering means has a width which 

increases as a function of length along Said light guide. 
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17. A light guide as defined in claim 15, wherein: 
(a) said light guide cross-section decreases as a function 

of length along Said light guide; and, 
(b) said light Scattering means has a width which 

increases creases as a function of length along Said light 
guide. 

18. A light guide as defined in claim 15, further compris 
ing a lens positioned outside Said light emitting portion, Said 
lens characterized by: 

(a) low light absorption; and, 
(b) light transmissivity which varies as a function of one 

or more of: 
(i) wavelength; 
(ii) polarization; and, 
(iii) angle. 

19. A light guide as defined in claim 15, further compris 
ing an opaque cover Surrounding and bonded to Said non 
light emitting portion. 

20. A light guide as defined in claim 15, wherein said light 
Scattering means comprises a non-absorptive, Single tex 
tured air-polymer interface bonded to Said non-light emitting 
portion by a non-absorptive adhesive. 

21. A light guide as defined in claim 15, wherein each of 
Said layerS has a thickness of no more than 0.5 microns. 

22. A light guide, comprising in CrOSS-Section. 
(a) a non-light emitting portion comprising multiple 

layers, each One of Said layerS having a Selected index 
of refraction which differs from the indices of refraction 
of layers immediately adjacent Said One of Said layers, 
Such that Said multiple layers collectively have high 
longitudinally Specular reflectivity, and, 

(b) a light emitting portion comprising prism light guide 
wall material. 

23. A light guide, comprising in CrOSS-Section. 
(a) a non-light emitting portion comprising layers of first 
and Second Substantially non-absorptive polymers, 
Said first and Second polymers differing in composition 
Such that Said layers collectively have high longitudi 
nally specular reflectivity, and, 

(b) a light emitting portion comprising prism light guide 
wall material. 

24. A light guide, comprising in CrOSS-Section. 
(a) a non-light emitting portion comprising multiple 

layers, each One of Said layers having a StreSS induced 
birefringence such that Said multiple layers are bire 
fringent Over a range of uniaxial to biaxial Orientation 
of Said layers and such that Said multiple layers col 
lectively have high longitudinally specular reflectivity; 
and, 

(b) a light emitting portion comprising prism light guide 
wall material. 

25. A light guide, comprising in CrOSS-Section. 
(a) a non-light emitting portion comprising multiple 

layers, each One of Said layers having a StreSS induced 
birefringence such that Said multiple layers are bire 
fringent Over a range of uniaxial to biaxial Orientation 
of Said layers and such that Said multiple layers col 
lectively have high longitudinally specular reflectivity; 

(b) a light emitting portion comprising prism light guide 
wall material and, 

(c) a Substantially non-absorptive light Scattering means 
positioned within Said non-light emitting portion in 
opposition to Said light emitting portion. 
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