
US 20020060907A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0060907 A1 
(19) United States 

Saccomanno (43) Pub. Date: May 23, 2002 

(54) HOLLOW CAVITY LIGHT GUIDE FOR THE 
DISTRIUBUTION OF COLLIMATED LIGHT 
TO A LIQUID CRYSTAL DISPLAY 

(75) Inventor: Robert J. Saccomanno, Montville, NJ 
(Us) 

Correspondence Address: 
Loria B. Yeadon 
Honeywell International Inc. 
101 Columbia Road 
Morristown, NJ 07962 (US) 

(73) Assignee: Honeywell International Inc. 

(21) Appl. No.: 09/841,142 

(22) Filed: Apr. 24, 2001 

Related U.S. Application Data 

(63) Non-provisional of provisional application No. 
60/199,636, ?led on Apr. 25, 2000. 

Publication Classi?cation 

1 nt. . ........................ .. 5; G02B /30; 5 I C]7 G02F 1/133 5 
G02B 27/28 

(52) U.S. Cl. .............................................................. .. 362/31 

(57) ABSTRACT 

An optical light guide comprising optical elements enclosing 
a holloW cavity is con?gured to uniformly distribute homog 
eniZed collimated light to a liquid crystal display. The 
optical light guide includes a beam splitting structure cov 
ering the entrance aperture of the light guide, a retarder and 
specular re?ector on the face of the light guide opposite the 
entrance aperture, an exit aperture orthogonal to the entrance 
aperture With a re?ective polariZer and a beam directing 
structure over the exit aperture, and a specular re?ector on 

the bottom of the light guide opposite the exit aperture. 
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HOLLOW CAVITY LIGHT GUIDE FOR THE 
DISTRIUBUTION OF COLLIMATED LIGHT TO A 

LIQUID CRYSTAL DISPLAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Patent Application Ser. Number 60/199,636 entitled, 
“Air Waveguide”, ?led on Apr. 25, 2000. The contents of 
US. Provisional Patent Application Ser. No. 60/199,636 are 
fully incorporated herein by reference. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] 1. Technical Field 

[0004] This invention relates to uniformly distributing 
collimated light for information display, illumination, and 
direct lighting applications. 

[0005] 2. Background Art 

[0006] It has long been a goal to develop large ?at displays 
such as large screen television sets for consumer use. The 
expected performance for such displays is that they meet or 
exceed the performance of the Well-knoWn cathode ray tube 
(CRT) television (TV) display. This expected performance 
can include, for example, a Wide vieWing angle—With the 
present day CRT technology, a vieWer can sit almost any 
Where relative to the TV screen and experience essentially 
the same picture quality. This CRT quality level is typically 
inherent in both projection and emissive, such as plasma 
display, technologies. 
[0007] Wall-mounted TV sets With large area plasma 
displays have been introduced into the consumer market. 
These plasma displays are relatively thin, typically less than 
?ve (5) inches (12.7 cm) thick, and have CRT-like vieWing 
angles. HoWever, large are plasma displays are currently too 
expensive for large-scale consumer use and tend to be of 
loWer resolution than competing display technologies. 

[0008] Projection displays require an unimpeded path 
betWeen the projector and a screen. Backscreen projection 
displays typically include a large enclosure containing the 
projector, relay optics and a translucent screen. Because of 
these limitations, both types of projection displays are 
considered undesirable for large-scale consumer use. 

[0009] Direct vieW liquid crystal displays, Which are rea 
sonably inexpensive to manufacture, are beginning to be 
introduced into the consumer TV set market. HoWever, a 
typical liquid crystal display (LCD), such as a tWisted 
nematic LCD (TN-LCD) found in a typical laptop computer 
cannot normally provide the Wide vieWing angle expected 
by the consumer for a TV set. Several methods have been 
employed to Widen the vieWing angle of an LCD display and 
to also limit the overall thickness of an enclosure so that 
such a display could be used as a Wall-mounted TV. 

[0010] Atypical approach to lighting an LCD display is to 
position a solid edge-illuminated light guide behind the LCD 
display. Collimation is knoWn to improve the vieWing angle 
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of an LCD display When used in combination With a vieWing 
screen applied to the output polariZer of the LCD display. It 
is also important to minimiZe surface re?ections from the 
combination of vieWing screen and LCD in order to provide 
suf?cient readability in ambient lighting conditions. Previ 
ous attempts to minimiZe such re?ections include the use of 
neutral density ?lters, triple notch ?lters, and circular polar 
1Zers. 

[0011] There are several disadvantages associated With the 
use of solid edge-illuminated light guides as knoWn in the art 
including the Weight of such light guides and a decrease in 
light transmittance due to bulk material effects such as 
absorption and haZe. For example, a solid glass light guide 
that Would provide a 40-inch (101.6 cm) diagonal display 
the same luminance that a 10.4-inch (26.4 cm) diagonal 
display light guide Would receive from a 6-millimeter thick 
solid glass light guide Weighing 0.5 1b. (0.23 kg), Would be 
23-millimeter thick and Weigh approximately 30 lb. (13.6 
kg). Some optical glass exhibits light absorption losses as 
loW as 0.002% /cm, While many optical plastics are closer to 
0.10% /cm. It is Worthy to note that this light absorption loss 
is not constant With Wavelength, and therefore there is a 
corresponding change in the spectrum of the output light for 
a solid light guide device. 

[0012] Previous attempts at both holloW and semi-holloW 
edge-illuminated collimated light guides have suffered from 
a non-uniform light output. Attempts to correct this non 
uniformity including curving the extraction surface, employ 
ing very long extraction lengths, and tilting the centerline of 
collimated light source aWay from a light guide exit surface 
have met With varying degrees of success. 

[0013] There is a need for an ef?cient and compact holloW 
edge-illuminated light guide for the distribution of colli 
mated light to a liquid crystal display (LCD) that provides a 
uniform light output. 

SUMMARY OF THE INVENTION 

[0014] Disclosure of Invention 

[0015] My invention comprises a method and apparatus 
for distributing collimated light and may be employed in 
lighting applications to enhance vieWing angles of a Wide 
angle Liquid Crystal Display (LCD). It can also be 
employed to distribute collimated light for other direct 
lighting applications. More speci?cally, my invention is a 
light guide comprising a unique con?guration of a holloW 
cavity surrounded by various optical ?lms that receives 
collimated light through an entrance aperture and transmits 
the light uniformly from an exit aperture that is orthogonal 
to the entrance aperture. Advantageously the input light is 
both collimated and homogeniZed. 

[0016] A signi?cant advantage to the inventive holloW 
light guide is that any siZe guide can be assembled using the 
same microstructured parts and specular re?ectors, so long 
as the collimation elements, such as morphing elements are 
the same. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0017] Brief Description of DraWings 

[0018] FIG. 1 depicts a single-edge-coupled, polariZed, 
holloW light guide in accordance With the present invention 
and detailing the extraction method for an upper light lobe. 
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[0019] FIG. 2 depicts the hollow light guide of FIG. 2, 
detailing the extraction method for a loWer light lobe. 

[0020] FIG. 3 shoWs the geometric relationship betWeen 
the thickness and length of the holloW light guide of FIGS. 
1 and 2. 

[0021] FIG. 4 shoWs the results of ray-trace modeling for 
the extraction mechanism of FIGS. 1 and 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Mode(s) for Carrying Out the Invention 

[0023] Referring to FIG. 1, the principle of operation of 
an LCD display 16 is to preferentially pass light that has 
been linearly polariZed along a prede?ned axis. My inven 
tion accepts collimated homogeniZed light containing both 
s-polariZed and p-polariZed components through an entrance 
aperture 2 as shoWn in FIG. 1 and outputs light containing 
only a p-polariZed component through exit aperture 11. If the 
axis of the p-polariZed component is not aligned With that of 
the LCD display 16, a retarder, available for example from 
NittoDenko or International PolariZer, can be inserted 
betWeen the exit aperture 11 and the LCD display 16 in order 
to improve ef?cient transfer of light therebetWeen. Phase 
correction members can be employed to further enhance 
contrast. 

[0024] The holloW light guide, according to my invention, 
is formed by enclosing a holloW cavity 7 With optical ?lms. 
The holloW cavity 7 is con?gured as a parallelepiped that 
includes a ?rst set of parallel faces consisting of an entrance 
aperture 2 and an opposing distal edge, a second set of 
parallel faces consisting of a bottom edge and an exit 
aperture 11, and a third set of parallel faces de?ning the sides 
(not shoWn). A reference plane 100, extending through and 
perpendicular to the entrance aperture 2 and parallel the exit 
aperture 11 is illustrated for reference purposes in FIGS. 1 
and 2. One feature of my invention is that the exit aperture 
11 is orthogonal to the entrance aperture 2 and the third set 
of parallel faces. 

[0025] The entrance aperture 2 is covered by a beam 
splitting structure 3; such as a prismatic array ?lm Which can 
be similar in shape to Brightness Enhancement Film (BEE) 
manufactured by the 3M Corporation. In an embodiment of 
my invention Where the beam splitting structure 3 comprises 
a prismatic array ?lm, a planar side of this prismatic array 
?lm faces the holloW cavity 7. The beam splitting structure 
3 is con?gured to symmetrically split an incoming beam of 
homogeniZed collimated light 1 into an upper beam lobe 4 
and a loWer beam lobe 5, Where the upper and loWer beam 
lobes diverge in opposing directions on either side of the 
reference plane 100 by an angle 0. In is one aspect of my 
invention that the magnitude of the angle 0 formed betWeen 
the upper beam lobe 4 and the reference plane 100 is of the 
same magnitude as the angle 0 formed betWeen the reference 
plane 100 and the loWer beam lobe 5. 

[0026] The distal edge of the holloW cavity 7 is formed by 
a retarder 13 disposed upon a ?rst specular re?ector 15. The 
bottom edge of the holloW cavity 7 is formed by a second 
specular re?ector 12. The third set of parallel faces (not 
shoWn) are each also formed by specular re?ectors. 

[0027] The exit aperture 11 is covered by a re?ective 
polariZer 8 adjacent to a beam directing structure 10 includ 
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ing coarse prismatic features, such as a prismatic array ?lm. 
In an embodiment of my invention Where the beam directing 
structure 10 comprises a prismatic array ?lm, a planar side 
of this prismatic array ?lm faces aWay from the holloW 
cavity 7. In order to preserve the light polariZation state, the 
beam directing structure 10 should be manufactured in such 
a fashion and of such polymers as to substantially reduce any 
birefringence properties. Suitable materials are available 
from the eyeglass industry, such as CR-39 allyl diglycol 
carbonate resin from PPG Industries, and the compact disk 
industry, such as Plexiglas VOD-100 acrylic molding resin 
from ATOFINA Chemicals, Inc. 

[0028] The re?ective polariZer 8 may be constructed out of 
suitable materials such as multi-layer polymeric ?lms, graZ 
ing incidence holograms, and cholesteric liquid crystal ?lms. 

[0029] In order to maintain light collimation Within hol 
loW cavity 7, it is necessary to maintain the orthogonality 
and ?atness of the bounding optical surfaces. Accordingly, 
these optical ?lm surfaces require structural supporting 
members. The surfaces that do not transmit light can be 
supported by glass or plastic sheet stock, further stiffened by 
metallic and/or honeycomb structures. The surfaces that 
transmit light, such as exit aperture 11 can be supported by 
small transparent and non-birefringent post-like elements 
(not shoWn). These transparent post-like elements are small 
enough in cross sectional area that they should prove invis 
ible once the output beam reaches the LCD display 16. In 
another embodiment of my invention, the supporting post 
like elements are light absorbing instead of being transpar 
ent. 

[0030] In a preferred embodiment, a source of unpolariZed 
light from an optical conduit is collimated by close-packed 
high aspect ratio non-imaging optical elements feeding into 
the rectangular edge of a holloW light guide. Such non 
imaging optical elements could comprise an array structure 
built up from a plurality of round-to-square morphing ele 
ments With adjacent planar sides in optical contact, or 
alternatively an array of holloW triangular elements enclosed 
by upper and loWer mirrored plates. Both array structures are 
advantageously designed to ensure a uniform light output. 
Optionally, these structures can be folloWed by prisms and 
spacers that are optically bonded using a loW refractive 
index adhesive, to alloW for various packaging constraints 
While still maintaining uniformity. 

[0031] Advantageously, a holloW light guide according to 
my invention can be designed to limit several sources of 
light decollimation, including but not limited to: 

[0032] Surface microroughness 

[0033] Edge-rounding of the microstructured fea 
tures induced by manufacturing processes 

[0034] Material bulk effects, such as scatter due to 
inclusions, refractive index changes (eg air 
bubbles), and the like 

[0035] Material Warp, bend, and tWist 

[0036] Referring to FIGS. 1 and 2, the optical light guide 
according to my invention operates in the folloWing manner. 
An unpolariZed collimated light beam 1 is received at the 
entrance aperture 2, Which is covered by a beam splitting 
structure 3, such as a prismatic array ?lm. Interactions 
betWeen the unpolariZed collimated light beam 1 and the 
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beam splitting structure 3 act to symmetrically split the 
unpolariZed collimated light beam 1 into an upper beam lobe 
4 and a loWer beam lobe 5, Where each beam lobe contains 
both s-polariZed and p-polariZed light. 

[0037] The upper beam lobe 4 is directed through the 
holloW cavity 7 and caused to impinge upon the re?ective 
polariZer 8. Interactions betWeen the upper beam lobe 4 and 
the re?ective polariZer 8 act to separate the upper beam lobe 
4 into an s-polariZed upper beam 6 and a p-polariZed upper 
beam 9. 

[0038] The p-polariZed upper beam 9 eXits through the 
re?ective polariZer 8 into the beam directing structure 10 
including coarse prismatic features, Which covers the eXit 
aperture 11. Interactions betWeen the p-polariZed upper 
beam 9 and the beam directing structure 10 including coarse 
prismatic features act to straighten the p-polariZed upper 
beam 9 as it passes therethrough and eXits through the eXit 
aperture 11. 

[0039] The s-polariZed upper beam 6 is re?ected back 
through the holloW cavity 7, caused to impinge upon the 
second specular re?ector 12, and thereby being re?ected into 
the retarder 13. Interactions betWeen the s-polariZed upper 
beam 6 and the retarder 13 act to convert the s-polariZed 
upper beam 6 into a p-polariZed converted upper beam 14 as 
it passes therethrough. The resultant p-polariZed converted 
upper beam 14 is re?ected from the ?rst specular re?ector 15 
back through the holloW cavity 7 and caused to impinge 
upon the re?ective polariZer 8. The p-polariZed converted 
upper beam 14 also eXits through the re?ective polariZer 8 
into the beam directing structure 10 including coarse pris 
matic features, Which covers the eXit aperture 11. Interac 
tions betWeen the p-polariZed converted upper beam 14 and 
the beam directing structure 10 including coarse prismatic 
features act to straighten the p-polariZed converted upper 
beam 14 as it passes therethrough and eXits through the eXit 
aperture 11. 

[0040] The loWer light beam lobe 5 is directed through the 
holloW cavity 7 and caused to impinge upon the second 
specular re?ector 12. The loWer light beam lobe 5, Which 
contains both s-polariZed and p-polariZed light must be 
precluded from impinging upon the retarder 13 disposed on 
the distal edge of the holloW cavity 7. 

[0041] The loWer beam lobe 5 is re?ected from the second 
specular re?ector 12 back through the holloW cavity 7 and 
caused to impinge upon the re?ective polariZer 8, as seen in 
FIG. 2. Interactions betWeen the loWer beam lobe 5 and the 
re?ective polariZer 8 act to separate the loWer beam lobe 5 
into an s-polariZed loWer beam 18 and a p-polariZed loWer 
beam 17. 

[0042] The p-polariZed loWer beam 17 also eXits through 
the re?ective polariZer 8 into the beam directing structure 
10, Which covers the eXit aperture 11. Interactions betWeen 
the p-polariZed loWer beam 17 and the beam directing 
structure 10 act to straighten the p-polariZed loWer beam as 
it passes therethrough and eXits through the eXit aperture 11. 

[0043] The s-polariZed loWer beam 18 is re?ected back 
through the holloW cavity 7, caused to impinge upon the 
second specular re?ector 12, and thereby being re?ected into 
the retarder 13. Interactions betWeen the s-polariZed loWer 
beam 18 and the retarder 13 act to convert the s-polariZed 
loWer beam 18 into a p-polariZed converted loWer beam 19 
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as it passes therethrough. The resultant p-polariZed con 
verted loWer beam 19 is re?ected from the ?rst specular 
re?ector 15 back through the holloW cavity 7, further 
re?ected from the specular re?ector 12, and ?nally caused to 
impinge upon the re?ective polariZer 8. The p-polariZed 
converted loWer beam 19 also eXits through the re?ective 
polariZer 8 into the beam directing structure 10, Which 
covers eXit aperture 11. Interactions betWeen the p-polariZed 
converted loWer beam 19 and the beam directing structure 
10 act to straighten the p-polariZed converted loWer beam 19 
as it passes therethrough and eXits through the eXit aperture 
11. 

[0044] It is a feature of my invention that substantially all 
of the input unpolariZed collimated light beam 1 is converted 
to p-polariZed light and eXits through eXit aperture 11 With 
substantially none of input unpolariZed collimated light 
beam 1 being recycled back through entrance aperture 2. 

[0045] FIG. 3 shoWs some of the design considerations 
that are associated With the particular embodiment of my 
invention described above. As shoWn in FIGS. 1 and 2, the 
holloW cavity 7 is con?gured as a parallelepiped With the 
entrance aperture 2 orthogonal to the eXit aperture 11. 
Referring to FIG. 3, the light guide thickness ‘t’301, of the 
holloW cavity 7, is dependent on both luminance, as limited 
by entendue considerations, and mechanical packaging con 
straints. The light guide length ‘L’302, of the holloW cavity 
7, is determined by the area to be illuminated, such as an 
LCD display. The input beam lobe angle ‘0303, measured 
from an aXis line perpendicular to said entrance aperture 2, 
also shoWn as a dashed line on FIGS. 1 and FIG. 2, is 
selected to provide output beam uniformity. The input beam 
lobe angle ‘0’303 is restricted to certain angles due to the 
inherent limitations in the beam splitting structure 3 and the 
beam directing structure 10. 

[0046] Referring to FIGS. 1, 2, and 3, it is an aspect of my 
invention that the combination of t, L, and 0, be selected 
such that the loWer light beam lobe 5, Which contains both 
s-polariZed and p-polariZed light, is precluded from being 
re?ected into the retarder 13 Without ?rst being separated 
into p-polariZed and s-polariZed component beams, for 
eXample by re?ective polariZer 8. 

[0047] To practice the particular embodiment of my inven 
tion described above, input beam divergence and micro 
structural element geometry Will require adjustments to t and 
0, Where 

[0048] to ensure uniformity of the output the p-polariZed 
upper beam 9, p-polariZed converted upper beam 14, p-po 
lariZed loWer beam 17, and p-polariZed converted loWer 
beam 19 as Well as overall light guide efficiency. Math 
ematical analysis and ray tracing methods that are knoWn in 
the art can be used to determine these adjustments. 

[0049] Referring neXt to FIG. 4, the results of ray-trace 
modeling for the extraction mechanism of FIGS. 1 and 2 is 
shoWn. Surface detail 402 shoWs an eXample prism element, 
greatly enlarged for illustrative purposes, With a refractive 
indeX of 1.58 and an apical angle of about 105°, Which can 
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form a portion of the surface of the beam splitting structure 
3, comprising a prismatic array ?lm, in accordance With one 
illustrative embodiment of my invention. Surface detail 401 
shoWs an eXample prism element, greatly enlarged for 
illustrative purposes, With a refractive indeX of 1.58 and an 
apical angle of about 63°, Which can comprise a portion of 
the surface of the beam directing structure 10, comprising a 
prismatic array ?lm, in accordance With one illustrative 
embodiment of my invention. The re?ective polariZer 8, 
adjacent to the beam directing structure 10, as shoWn in 
FIG. 1 is advantageously a multi-layer polymeric ?lm, 
graZing incidence hologram, or cholesteric liquid crystal 
?lm. The individual ray traces 403 are shoWn interacting 
With the beam splitting structure 3, beam directing structure 
10, ?rst specular re?ector 15, and the second specular 
re?ector 12. 

[0050] Referring to both FIGS. 1 and 4, the unpolariZed 
collimated light beam 1, for eXample having a source input 
convergence half-angle of 7° is shoWn being split by the 
beam splitting structure 3 Which includes a surface detail 
402 further including a prism element With an apical angle 
of about 105°. Interactions betWeen the unpolariZed colli 
mated light beam 1 and the beam splitting structure 3 act to 
split the unpolariZed collimated light beam 1 into an upper 
beam lobe 4 as previously described. Interactions betWeen 
the upper beam lobe 4 and the re?ective polariZer 8, Which 
includes a surface detail 401 further including a prism 
element With an apical angle of about 63°, act to separate the 
upper beam lobe 4 into s-polariZed and p-polariZed beams as 
previously described. 

[0051] Referring to both FIGS. 2 and 4, interactions 
betWeen the loWer beam lobe 5 and the re?ective polariZer 
8, Which includes a surface detail 401 further including a 
prism element With an apical angle of about 63°, act to 
separate the loWer beam lobe 5 into s-polariZed and p-po 
lariZed beams as previously described. 

[0052] In alternate embodiments of my invention, the 
holloW cavity 7 may be a vacuum chamber, or ?lled With air, 
dry nitrogen, or an inert gas. 

[0053] In a preferred embodiment of the invention, each of 
the p-polariZed upper beam 9, p-polariZed converted upper 
beam 14, p-polariZed loWer beam 17, and p-polariZed con 
verted loWer beam 19 are directed toWard the liquid crystal 
display 16. 

[0054] In another preferred embodiment of my invention, 
light is transmitted from an optical conduit, such as an 
optical ?ber and collimated by an array of tapered non 
imaging optical collimation elements before entering the 
entrance aperture 2. Advantageously, such collimation ele 
ments have a square cross section at their output, alloWing 
adjacent elements to be easily abutted, and also homogeniZe 
the light before it enters the entrance aperture 2. 

[0055] Alternate embodiments may be devised Without 
departing from the spirit or the scope of the invention. 

What is claimed is: 
1. A holloW light guide for uniformly distributing homog 

eniZed collimated light, said light guide comprising: 

a holloW cavity con?gured as a parallelepiped and further 
comprising, 
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a ?rst set of parallel faces consisting of an entrance 
aperture and a distal edge located a ?rst predeter 
mined distance in opposition thereof, and 

a second set of parallel faces consisting of a bottom 
edge and an eXit aperture located a second predeter 
mined distance in opposition thereof, said eXit aper 
ture being orthogonal to said entrance aperture; 

Wherein said holloW cavity con?gured as a parallelepiped 
is further de?ned by a reference plane extending 
tlrough and perpendicular to said entrance aperture and 
parallel to said eXit aperture; 

a beam splitting structure covering said entrance aperture 
and con?gured to symmetrically split, about said ref 
erence plane, an incoming beam of said collimated 
light striking thereupon into an upper beam lobe and a 
loWer beam lobe exiting therefrom said beam splitting 
structure into said holloW cavity, 

Wherein said upper beam lobe diverges in a ?rst direc 
tion from said reference plane and said loWer beam 
lobe diverges in a second direction from said refer 
ence plane, said ?rst direction directly opposing said 
second direction; 

a retarder adjacent to a ?rst specular re?ector and forming 
together thereWith said distal edge of said holloW 
cavity, Wherein said retarder is interposed betWeen the 
interior of said holloW cavity and said ?rst specular 
re?ector; 

a second specular re?ector forming said bottom edge of 
said holloW cavity and being geometrically positioned 
such that none of the loWer light beam lobe is re?ected 
therefrom to impinge upon the retarder; and 

a re?ective polariZer adjacent to a beam directing struc 
ture and covering together thereWith said eXit aperture 
of said holloW cavity, Wherein said re?ective polariZer 
is interposed betWeen the interior of said holloW cavity 
and said beam directing structure. 

2. The holloW light guide according to claim 1 Wherein 
said beam directing structure includes coarse prismatic 
features. 

3. The holloW light guide according to claim 1 Wherein 
said beam splitting structure comprises a prismatic array 
?lm including a planar side Wherein said planar side of said 
prismatic array ?lm faces the holloW cavity. 

4. The holloW light guide according to claim 3 Wherein 
said prismatic array ?lm includes a plurality of prism 
elements each having an apical angle of about 105°. 

5. The holloW light guide according to claim 2 Wherein 
said beam directing structure further comprises a prismatic 
array ?lm including a planar side Wherein said planar side of 
said prismatic array ?lm faces aWay from the holloW cavity. 

6. The holloW light guide according to claim 5 Wherein 
said prismatic array ?lm including a plurality of prism 
elements each having an apical angle of about 63°. 

7. The holloW light guide according to claim 1 Wherein 
said re?ective polariZer is constructed from a material 
selected from the group consisting of multi-layer polymeric 
?lms, graZing incidence holograms, and cholesteric liquid 
crystal ?lms. 

8. The holloW light guide according to claim 1 Wherein 
said holloW cavity is a vacuum chamber. 
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9. The hollow light guide according to claim 1 wherein 
said holloW cavity is ?lled With dry nitrogen. 

10. The holloW light guide according to claim 1 Wherein 
said holloW cavity is ?lled With an inert gas. 

11. A display system, using an unpolariZed collimated 
light input, comprising the holloW light guide of claim 1 and 
further comprising: 

a liquid crystal display positioned opposite said eXit 
aperture of said holloW cavity. 

12. A source of uniformly distributed polariZed light, 
using an unpolariZed light input from an optical conduit, 
comprising the holloW light guide of claim 1 and further 
comprising: 

a plurality of tapered non-imaging optical collimation 
elements that receive said light input and transmit 
collimated light to the entrance aperture of said holloW 
light guide. 

13. The holloW light guide according to claim 1 Wherein 
said ?rst predetermined distance is a length L, said second 
predetermined distance is a thickness t, and said upper beam 
lobe and said loWer beam lobe each diverge from said 
reference plane at a angle 6, and Wherein t is substantially 
equal to L * tan 6. 

14. An optical Waveguide for distributing collimated light 
to a display, said Waveguide having: 

a ?rst face including an entrance aperture for the light and 
a beam splitting structure covering said entrance aper 
ture; 
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a second face opposite said ?rst face an comprising a 
retarder and a ?rst specular re?ector; 

a third face including an eXit aperture, said third face 
being orthogonal to said ?rst and second faces and 
comprising a beam directing structure and a re?ective 
polariZer covering the eXit aperture; and 

a fourth face opposite said eXit aperture and including a 
second specular re?ector. 

15. The optical Waveguide of claim 14 Wherein said beam 
directing structure includes coarse prismatic features. 

16. The optical Waveguide of claim 14 Wherein said light 
guide is a holloW cavity con?gured as a parallelepiped. 

17. The optical light guide of claim 14 Wherein said light 
guide has a thickness t and a length L and Wherein light 
entering said light guide from said entrance aperture through 
said beam splitting structure is split into an upper and a 
loWer lobe, and Wherein: 

each of said upper lobe and said loWer lobe containing 
both s-polariZed light and p-polariZed light; 

the loWer lobe being at an angle 6 to an aXis line of said 
light guide; and 

Wherein the magnitudes of t, L, and 6 are selected to 
determine that said loWer lobe is precluded from being 
re?ected from said second face Without being ?rst 
separated into its p-polariZed and s-polariZed compo 
nent beams. 


