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(57) ABSTRACT 

A liquid crystal display (LCD) vieWable under all lighting 
conditions Without excessive poWer consumption is 
described. The LCD comprises a ?rst dichroic polariZer, a 
second dichroic polariZer, an anti-re?ection layer positioned 
in front of the ?rst dichroic polariZer and a liquid crystal cell 
positioned betWeen the ?rst dichroic polariZer and the sec 
ond dichroic polariZer. In addition, the LCD comprises a 
backlight assembly positioned behind the second dichroic 
polariZer. Finally, the LCD comprises a diffusing trans?ector 
positioned betWeen the backlight assembly and the second 
dichroic polariZer. The diffusing trans?ector comprises a 
diffusing element and a trans?ective element. 
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LIQUID CRYSTAL DISPLAY VIEWABLE UNDER 
ALL LIGHTING CONDITIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a liquid crystal display 
device, and more particularly, to an improved trans?ective 
liquid crystal display vieWable under all lighting conditions, 
such as total dark, indoor lighting, in shade, medium sun 
light, strong sunlight, and direct sunlight, Without excessive 
poWer consumption. 

[0003] 2. Description of the Related Art 

[0004] Many features of liquid crystal displays (LCDs), 
such as light Weight and siZe, loW poWer consumption and 
high resolution, make LCDs a popular choice in various 
electronic applications. These applications include digital 
cameras, palm PCs, notebook computers, tablet PCs, Work 
stations, and navigation systems in automobiles, marine 
vessels, and airplanes. Most of these applications are por 
table and can be transited betWeen indoor and outdoor. Thus, 
there is a need to develop a display to accommodate both 
indoor and outdoor environments and perform regardless of 
different lighting conditions. Various types of LCDs have 
evolved around this need. 

[0005] With reference to FIG. 1, a conventional transmis 
sive liquid crystal display (LCD) is shoWn. The LCD 
includes a liquid crystal cell 100 comprising a front trans 
parent electrode With color ?lters 101, a rear transparent 
electrode (pixel portions) 102, and a layer of liquid crystals 
103 betWeen the front and rear transparent electrodes. The 
liquid crystal cell 100 is usually sandWiched by a front glass 
substrate 104 and a rear glass substrate 105. A ?rst dichroic 
polariZer 106 adheres to the front surface of the front glass 
104. Likewise, a rear dichroic polariZer 107 adheres to the 
rear surface of the rear glass 105. The transmissive display 
further includes a backlight cell assembly 108. A regular 
LCD contains 1 to 4 lamps that provide betWeen 100 and 
300 nits of illumination 110 at the surface of LCD. This level 
of brightness enables this type of LCD to perform beauti 
fully indoors. In an outdoor setting, the anti-glare surface of 
the ?rst polariZer 106 re?ects and diffuses about 3% to 5% 
of the ambient sunlight Ato a vieWer’s eyes. The amount of 
background re?ection 109 is strong, overWhelming the 
illumination 110 from the backlight 108 and obscuring the 
image generated by the LCD. 

[0006] One approach used to improve the performance of 
this type of LCD under sunlight is to apply an anti-re?ection 
coating on the front surface. Although providing some 
improvement, the anti-re?ection coating alone is not suf? 
cient to provide an LCD vieWable under direct sunlight. 
Further improvement is necessary. 

[0007] Another solution commonly adopted is to increase 
the illumination of transmissive LCDs for outdoor applica 
tion by adding more lamps to the backlight cell. The term 
“high-bright LCD” describes this modi?ed transmissive 
LCD. In general, an LCD requires at least 1000 nits of 
illumination to be vieWable under sunlight. To reach this 
level of brightness, an LCD requires 10 to 12 lamps. The 
additional lamps consume more poWer, generate excessive 
heat, experience contrast Washout and require dimension 
and circuit alterations. Alterations of the LCD’s dimensions 
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and circuits are costly. Thus, high bright LCDs generally 
create more problems than they solve. 

[0008] Referring noW to FIG. 2, a common construction 
of a re?ective LCD is shoWn. A re?ective LCD does not 
have problems With poWer consumption since ambient light 
A is used for illumination. A re?ector 201 is positioned 
behind a liquid crystal display assembly 204. Generally, the 
re?ector 201 is an opaque surface of highly re?ective 
material (such as aluminum or silver) With 90% to 98% 
re?ection. The LCD display assembly 204 may also contain 
a second dichroic polariZer (not shoWn). Aportion of ambi 
ent light 202 passes the liquid crystal display assembly and 
reaches the re?ective surface of re?ector 201. The re?ector 
201 re?ects ambient light portion 202 and uses it as the 
display’s illumination 203. Because the display’s illumina 
tion is tied to the amount of ambient light provided, the 
visibility of re?ective LCD is highly surrounding-sensitive. 
Under strong ambient light, the LCD has good illumination. 
HoWever, LCD brightness diminishes as ambient light 
decreases. This disadvantage of the re?ective LCD strongly 
limits its applications. 

[0009] With reference to FIGS. 3A and 3B, a “trans?ec 
tive LCD” is shoWn. The trans?ective LCD Was developed 
to overcome the shortcomings of the re?ective LCD. A 
major element of the trans?ective LCD is the “trans?ector”, 
Which is partially transmissive and partially re?ective. The 
trans?ector uses ambient light and/or a backlight to illumi 
nate the LCD. One type of trans?ective LCD implements the 
trans?ector as a series of electrodes 301, Where the elec 
trodes 301 are imbedded Within the compartment of pixel 
portions 102 of the liquid crystal cell 100. FIG. 3A shoWs 
the structure of a trans?ective LCD With trans?ective elec 
trodes 301. In FIG. 3B, the cropped partial area of the pixel 
portions 102 With trans?ective electrodes 301 is shoWn. The 
trans?ective electrodes 301 have highly re?ective regions 
301r and transmissive portions 301[ contacting the trans 
parent electrodes of pixel portions 102. When ambient light 
A is not strong, the transmissive portions 301[ alloW the 
transmission of light B from backlight cell 108 as the 
illumination 302 of LCD. When ambient light A is strong, 
the re?ective portions 301r re?ect ambient light 303 enter 
ing the liquid crystal panel 100, and send it back out as 
illumination 304 of LCD. 

[0010] Still referring to FIGS. 3A and 3B, the visibility of 
the LCD is excellent When the ambient light A is strong. 
HoWever, the combination of re?ective portions 301r and 
transmissive portions 301[ Within the same domain (pixel 
portions 102) imposes undesirable features on the LCD. The 
problems are more noticeable When the LCD is used 
indoors, and include loW brightness, loss of color, loW 
contrast and a narroW vieWing angle. In addition, pixel siZe 
of the LCD is limited by the need to accommodate both 
transmissive and re?ective electrodes. The limited pixel siZe 
results in increased manufacturing dif?culties and costs for 
higher resolutions. 

[0011] Another type of trans?ective LCD comprises a 
trans?ective plastic ?lm as the trans?ector, positioned in the 
rear of liquid crystal panel (not shoWn). Although easy to 
construct, this type of trans?ective LCD has inef?cient 
illumination. The commonly used trans?ective ?lms nor 
mally have 20% to 40% transmission ef?ciency and 50% to 
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70% re?ection ef?ciency. Thus, this type of trans?ective 
LCD is not as bright as either purely re?ective or purely 
transmissive LCD types. 

[0012] In summary, a regular liquid crystal display can 
have satisfactory performance either indoors or outdoors. A 
high bright LCD, though acceptable for both indoor and 
outdoor applications, consumes high poWer and demands 
various complimentary re-designs of the device system to 
accommodate the excessive heat. Re?ective LCDs do not 
perform Well indoors. Trans?ective LCDs are limited by 
pixel siZe and do not perform optimally under certain 
ambient light. Thus, there is a great need to develop a liquid 
crystal display assembly that consumes loW poWer Without 
excessive heat generation, and has good color, adequate 
brightness and suf?cient contrast under all lighting condi 
tions. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, one object of the invention is to 
provide a liquid crystal display With good color, adequate 
brightness and suf?cient contrast for outdoor applications. 

[0014] A second object of the invention is to provide a 
liquid crystal display With good color, adequate brightness 
and suf?cient contrast for indoor applications. 

[0015] A third object of the invention is to provide a liquid 
crystal display that is vieWable in direct sunlight With no 
alteration of the vieWing angle. 

[0016] A fourth object of the invention is to provide a 
liquid crystal display that is vieWable under direct sunlight 
and does not consume high poWer to cause excessive heat 
generation. 
[0017] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described herein, the invention provides a liquid 
crystal display vieWable under all lighting conditions With 
out excessive poWer consumption. The LCD comprises a 
?rst dichroic polariZer, a second dichroic polariZer, an anti 
re?ection layer positioned in front of the ?rst dichroic 
polariZer and a liquid crystal panel positioned betWeen the 
?rst dichroic polariZer and the second dichroic polariZer. In 
addition, the LCD comprises a backlight assembly posi 
tioned behind the second dichroic polariZer. Finally, the 
LCD comprises a diffusing trans?ector positioned betWeen 
the backlight assembly and the second dichroic polariZer. 
The diffusing trans?ector comprises a selective diffusing 
element and a selective trans?ective element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a diagram of the structure of a conven 
tional transmissive liquid crystal display (related art). 

[0019] FIG. 2 is a diagram of a common structure of a 
re?ective LCD (related art). 

[0020] FIG. 3a is a diagram of the structure of a trans 
?ective LCD With trans?ective electrodes (related art). 

[0021] FIG. 3b is a diagram of an enlarged cropped 
section of the pixel portions containing the trans?ective 
electrodes of FIG. 3a (related art). 

[0022] FIG. 4 is a diagram of one embodiment of the 
present invention. 
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[0023] FIG. 5 is a diagram of the spectrum measurements 
of a selective re?ective polariZer in the visible region. 

[0024] FIG. 6 is a diagram of the propagations of the 
re?ective lights through the diffusing trans?ector. 

[0025] FIG. 7 is a diagram of an alternative embodiment 
of the present invention. 

[0026] FIG. 8 is a diagram of the structure of a 15“ 
desktop monitor TFT LCD (related art). 

[0027] FIG. 9 is a diagram of an embodiment of the 
present invention modifying a 15“ desktop monitor TFT 
LCD. 

[0028] FIG. 10 is a diagram of a comparison of tempera 
ture measurements betWeen the monitor of FIG. 8 and the 
monitor of FIG. 9. 

[0029] FIG. 11 is a diagram of the structure of a 14.2“ 
notebook computer TFT LCD (related art). 

[0030] FIG. 12 is a diagram of an embodiment of the 
present invention modifying a 14.2“ notebook computer 
TFT LCD. 

[0031] FIG. 13 is a diagram of the structure of a 10.4“ 
Tablet TFT LCD (related art). 

[0032] FIG. 14 is a diagram of an embodiment of the 
present invention modifying a 10.4“ Tablet TFT LCD. 

[0033] FIG. 15 is a diagram of the structure of a 12.1“ 
open frame high bright TFT LCD (related art). 

[0034] FIG. 16 is a diagram of an embodiment of the 
present invention modifying a 12.1“ open frame high bright 
TFT LCD. 

[0035] FIG. 17 is a diagram of the structure of a 1.5 “ TFT 

LCD (related art). 
[0036] FIG. 18 is a diagram of an embodiment of the 
present invention modifying a 1.5“ TFT LCD. 

[0037] FIG. 19 is a diagram of the structure of a 12.1“ 
TFT LCD (related art). 

[0038] FIG. 20 is a diagram of an embodiment of the 
present invention modifying a 12.1“ TFT LCD. 

[0039] FIG. 21 is a diagram of the structure of a 19“ TFT 
LCD (related art). 
[0040] FIG. 22 is a diagram of an embodiment of the 
present invention modifying a 19“ TFT LCD. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Referring noW to FIG. 4, an illustration of one 
embodiment of the present invention is shoWn. Trans?ective 
LCD 400 includes a conventional liquid crystal display 
panel 409. The trans?ective LCD 400 also includes a loW 
re?ection ?rst polariZer 410. The rear side of loW re?ection 
?rst polariZer 410 is bonded to the front side of LCD panel 
409 using optical bonding material. The loW re?ection ?rst 
polariZer 410 is composed of an anti-re?ection layer 
401 and a dichroic polariZer 402. The anti-re?ection layer 
401 can be a high ef?ciency multi-layer anti-re?ection 
coating applied directly on the front surface of the dichroic 
polariZer 402. The anti-re?ection layer 401 can also be a 
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separate transmissive substrate, glass or plastic, With an AR 
coating on the front side. The rear side of the transmissive 
substrate is bonded to the front side of dichroic polariZer 402 
With an index-matched optical bonding material to loWer the 
re?ection. The loW re?ection front surface 401 preferably is 
a loW haZe surface (less than 15% haZe, haZe being the 
surface scattering luminescence over the luminescence of an 
object) With high ef?cient multi-layer AR coating, Which 
provides an anti-re?ection surface With re?ection less than 
1%. The loW re?ection front surface 401 produces less 
background re?ection 415 than the regular LCD front sur 
face 106 described in FIG. 1 (by 5 to 8 folds). In addition, 
the loW re?ection surface 401 alloWs more ef?cient trans 
mission of ambient light A and provides a stronger light 
beam 406 to be used as the re?ective illumination 408. The 
trans?ective LCD 400 also includes a second dichroic 
polariZer 403 optionally bonded to the rear of liquid crystal 
panel 409. In this embodiment, the transmission directions 
of the tWo dichroic polariZers 402 and 403 are preferably in 
parallel. Such an arrangement of 402 and 403 provides a 
trans?ective LCD that is direct sunlight readable Without 
backlight. HoWever, the transmission directions of 402 and 
403 can also vary from 0 to 90 degrees. It is also preferred 
that AR coating is applied to the rear surface of the second 
dichroic polariZer 403 (not shoWn). The AR coating maxi 
miZes entry of light beam 406 for re?ective illumination. 

[0042] Still referring to FIG. 4, the trans?ective LCD 400 
further comprises a diffusing trans?ector 411 positioned to 
the rear side of second dichroic polariZer 403. The diffusing 
trans?ector 411 comprises a diffusing element 404 and a 
selected re?ective polariZer 405. The re?ective polariZer 405 
preferably has absorption of incident energy less than 10%. 
The re?ective polariZer also has an extinction coef?cient, 
de?ned as the transmission of p state polariZation over the 
transmission of s state polariZation, ranging from 1.5 to 9. In 
addition, the transmission axis of the re?ective polariZer 405 
is parallel to or Within (+/—) 60 degrees of the transmission 
direction of the second dichroic polariZer 403. Re?ective 
polariZer 405 can be formed With multiple sheets of a 
selective re?ective polariZer With optimiZed transmission 
directions. Re?ective polariZer 405 can also be a diffuser 
laminated selective re?ective polariZer, Which has improved 
mechanical and thermal properties. 

[0043] With reference to FIG. 4, the diffusing element 404 
is a transmissive substrate having a corrugated diffusing 
surface With haZe in the range of 10% to 85%. The corru 
gated diffusing surface can be the front surface of the 
diffusing element 404 facing the second dichroic polariZer 
403 or the rear surface of the diffusing element 404 facing 
the re?ective polariZer 405. The diffusing element 404 can 
be constituted from one or more sheets of lose-packed or 
optionally bonded transmissive substrate With at least the 
corrugated surface. The material of the transmissive sub 
strate can be glass, PEN (polyethylene naphthalate), PC 
(polycarbonate), or PET (polyethylene terephthalate), for 
example. The diffusing element 404 can be optionally 
bonded to the rear surface of the second dichroic polariZer 
403 and/or to the front surface of the re?ective polariZer 405. 
Alternatively, the diffusing element 404 may simply refer to 
a corrugated diffusing surface With haZe in the range of 10% 
to 85%. In such case, either the front surface or the rear 
surface of the second dichroic polariZer 403 or the front 
surface of the re?ective polariZer 405 is the corrugated 
diffusing surface (i.e. the diffusing element 404). 
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[0044] The corrugated surface can be a roughened surface 
of the transmissive substrate, of the second dichroic polar 
iZer 403 or of the re?ective polariZer 405. In case of the 
corrugated surface being a roughened surface, the material 
of the transmissive substrate preferably is PEN (polyethyl 
ene naphthalate), PC (polycarbonate), or PET (polyethylene 
terephthalate), for example. The corrugated surface also can 
be obtained by depositing a dielectric material on the 
transmissive substrate, on the rear surface of the second 
dichroic polariZer 403 or on the front surface of the re?ective 
polariZer 405. The dielectric material can be, for example, 
TiO2 (Titanium dioxide), Ta205 (Tantalum oxide), SiO2 
(Silicon dioxide), SiN (Silicon nitride), ITO (Indium tin 
oxide), ZnS (Zinc sulphide),Al2O3 (Aluminum oxide), LaF3 
(Lanthanum ?uoride), MgF2 (Magnesium ?uoride), Ge 
(Germanium) or Si (Silicon). The corrugated surface may 
comprise a single layer or multiple layers of the dielectric 
material. The corrugated surface can further be obtained by 
depositing small metal particles, ranging in siZe from 10 nm 
to 10000 nm, on the transmissive substrate, on the rear 
surface of the second dichroic polariZer 403 or on the front 
surface of the re?ective polariZer 405. Choices of metal for 
the metal particles include silver, gold, aluminum, copper, 
titanium, tantalum, chromium, nickel or an alloy thereof. 

[0045] Still referring to FIG. 4, the trans?ective LCD 400 
further includes a high ef?ciency backlight cell assembly 
420. Backlight assembly 420 preferably contains one or tWo 
orthogonal sheets of brightness enhancement ?lms and other 
multiple polymeric ?lms for enhancing transmission and 
optical performances. HoWever, any conventional backlight 
cell or high bright backlight cell With edge lamps or backside 
lamps can be used. 

[0046] With reference to FIG. 4, the trans?ective LCD 
400 has a maximiZed transmission 407 With backlight trans 
mitted by a recovery effect from the re?ective polariZer 405 
and the backlight cell 420. This transmission illumination 
coupled With the incorporation of the loW re?ection front 
surface 401 creates good optical performance for all indoor 
and some outdoor conditions, such as outdoor in shade. In 
addition, diffusing trans?ector 411 optimiZes the total re?ec 
tive illumination 408. A diffusing element With a corrugated 
surface to randomiZe light input further optimiZes the re?ec 
tion ef?ciency of the trans?ector, thus providing suf?cient 
re?ective illumination. 

[0047] Referring noW to FIG. 5, a diagram of the spec 
trum measurements of a selective re?ective polariZer in the 
visible region is shoWn. The diagram displays the extinction 
coef?cients (the transmission of p state polariZation over the 
transmission of s state polariZation) for different Wavelength 
values. The average extinction coef?cient is 3, or 75% over 
25%. 

[0048] With reference to FIG. 6, a diagram of the propa 
gations of the re?ective lights through the diffusing trans 
?ector is shoWn. The light 406 entering the LCD consists 
mainly of transmissive p polariZation 601 and also has s 
polariZation 602. The p polariZation and s polariZation 
components are slightly randomiZed When they pass the 
diffusing element 404. The p polariZation 601 yields mainly 
p polariZation 601i and also has s polariZation 603. When 
601t reaches the re?ective surface 405 (With extinction 
coef?cient 3.0), approximately 25% re?ects as re?ective 
illumination 601tR. When s polariZation 603 reaches the 
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re?ective surface of 405, approximately 75% re?ects as 
re?ective illumination 603R. By the similar propagation 
mechanisms, re?ective illuminations 602tR and 602R are 
produced by s polariZation 602. The transmissions of the 
re?ected beams 604, 605, 606, and 607, additively generate 
the total re?ective illumination 408. Under a very strong 
ambient light, the re?ective illumination 408 is suf?cient to 
overcome the front surface background re?ection 415 (FIG. 
4), and to facilitate the vieWing of the images under the most 
challenging conditions. 

[0049] Referring noW to FIG. 7, an illustration of an 
alternative embodiment of the present invention is shoWn. 
The trans?ective LCD 700 comprises a conventional liquid 
crystal display panel 409. The trans?ective LCD 700 further 
comprises a loW re?ection ?rst polariZer 410. The rear side 
of loW re?ection ?rst polariZer 410 is bonded to the front 
side of LCD panel 409 using optical bonding material. The 
loW re?ection ?rst polariZer 410 is composed of an anti 
re?ection layer 401 and a dichroic polariZer 402. The 
anti-re?ection layer 401 can be a high efficiency multi-layer 
anti-re?ection coating applied directly on the front surface 
of the dichroic polariZer 402. The anti-re?ection layer 401 
can also be a separate transmissive substrate, glass or plastic, 
With an AR coating on the front side. The rear side of the 
transmissive substrate is bonded to the front side of dichroic 
polariZer 402 With an index-matched optical bonding mate 
rial to loWer the re?ection. The loW re?ection front surface 
401 preferably is a loW haZe surface (less than 15% haZe) 
With high ef?cient multi-layer AR coating, Which provides 
an anti-re?ection ef?ciency of less than 1%. The loW re?ec 
tion front surface 401 produces less background re?ection 
415 than the regular LCD front surface 106 described in 
FIG. 1 (by 5 to 8 folds). In addition, the loW re?ection 
surface 401 alloWs more ef?cient transmission of ambient 
light A and provides a stronger light beam 406 to be used as 
the re?ective illumination 408. The trans?ective LCD 700 
also includes a second dichroic polariZer 403 optionally 
bonded to the rear of liquid crystal panel 409. In this 
embodiment, the transmission directions of the tWo dichroic 
polariZers 402 and 403 are preferably in parallel. Such an 
arrangement of 402 and 403 provides a trans?ective LCD 
that is direct sunlight readable Without backlight. HoWever, 
the transmission directions of 402 and 403 can also vary 
from 0 to 90 degrees. It is also preferred that AR coating is 
applied to the rear surface of the rear dichroic polariZer 403 
(not shoWn). The AR coating maximiZes entry of light beam 
406 for re?ective illumination. 

[0050] Still referring to FIG. 7, the trans?ective LCD 700 
further comprises a diffusing trans?ector 711 positioned to 
the rear side of second dichroic polariZer 403. The diffusing 
trans?ector 711 is composed of a diffusing element 404 and 
a selective beam splitter 705. The transmission of the beam 
splitter 705 ranges from 30% to 85%. It is preferred the 
beam splitter 705 is a multi-layer coating of dielectric 
material directly deposited to the rear surface of the diffusing 
element 404. HoWever, the beam splitter 705 can also be a 
multi-layer dielectric coating deposited on the front surface 
of a separate transmissive substrate and the coated, separate 
transmissive substrate is positioned on the rear side of 
diffusing element 404. 

[0051] With reference to FIG. 7, the diffusing element 404 
preferably is a transmissive substrate having a corrugated 
surface With haZe in the range of 10% to 85%. The corru 
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gated surface can be the front surface of the diffusing 
element 404 facing the second dichroic polariZer 403 or the 
rear surface of the diffusing element 404 facing the beam 
splitter 705. HoWever, if the beam splitter 705 is a multi 
layer coating of dielectric material directly deposited to the 
rear surface of the diffusing element 404, the corrugated 
surface is the front surface of the diffusing element 404. The 
diffusing element 404 can be constituted from one or more 
sheets of lose-packed or optionally bonded transmissive 
substrate With at least the corrugated surface. The material of 
the transmissive substrate can be PEN (polyethylene naph 
thalate), PC (polycarbonate), or PET (polyethylene tereph 
thalate), for example. The diffusing element 404 can be 
optionally bonded to the rear surface of the second dichroic 
polariZer 403 and/or to the front surface of the beam splitter 
705. Diffusing element 404 can be optionally bonded to the 
front surface of the beam splitter 705, provided that the 
beam splitter 705 is a separate substrate, as described above, 
to form the diffusing trans?ector 711. The diffusing trans 
?ector 711 can be optionally bonded to the rear side of the 
second dichroic polariZer 403, as shoWn in FIG. 7, or to the 
front side of the second dichroic polariZer 403, not shoWn. 
The corrugated surface can be a roughened surface of the 
transmissive substrate of the diffusing element 404. The 
corrugated surface also can be obtained by depositing a 
single layer or multiple layers of a dielectric material, such 
as TiO2 (Titanium dioxide), Ta205 (Tantalum oxide), SiO2 
(Silicon dioxide), SiN (Silicon nitride), ITO (Indium tin 
oxide), ZnS (Zinc sulphide),Al2O3 (Aluminum oxide), LaF3 
(Lanthanum ?uoride), MgF2 (Magnesium ?uoride), Ge 
(Germanium) or Si (Silicon) on a transmissive substrate. The 
corrugated surface can further be obtained by depositing 
small metal particles, ranging in siZe from 10 nm to 10000 
nm, on a separate transmissive substrate. Choices of metal 
for the metal particles include silver, gold, aluminum, cop 
per, titanium, tantalum, chromium, nickel or an alloy 
thereof. 

[0052] Alternatively, the diffusing element 404 may sim 
ply refer to a corrugated diffusing surface With haZe in the 
range of 10% to 85%, provided that the beam splitter 705 is 
a separate substrate. In such case, either the front surface or 
the rear surface of the second dichroic polariZer 403 or the 
front surface of the beam splitter 705 is the corrugated 
surface. Optionally, the second dichroic polariZer 403 can be 
directly bonded to the beam splitter 705. 

[0053] The corrugated surface can be a roughened surface 
of the second dichroic polariZer 403 (the rear surface) or of 
the beam splitter 705 (the front surface). The corrugated 
surface also can be obtained by depositing a single layer or 
multiple layers of a dielectric material on the rear surface of 
the second dichroic polariZer 403 or on the front surface of 
the beam splitter 705. The dielectric material can be, for 
example, TiO2 (Titanium dioxide), Ta205 (Tantalum 
oxide), SiO2 (Silicon dioxide), SiN (Silicon nitride), ITO 
(Indium tin oxide), ZnS (Zinc sulphide), A1203 (Aluminum 
oxide), LaF3 (Lanthanum ?uoride), MgF2 (Magnesium 
?uoride), Ge (Germanium) or Si (Silicon). The corrugated 
surface can further be obtained by depositing small metal 
particles, ranging in siZe from 10 nm to 10000 nm, on the 
rear surface of the second dichroic polariZer 403 or on the 
front surface of the beam splitter 705. Choices of metal for 
the metal particles include silver, gold, aluminum, copper, 
titanium, tantalum, chromium, nickel or an alloy thereof. 












