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(57) ABSTRACT

This invention relates to a system (200) for projecting an
image on a display comprising: a first dichroic means(212)
receiving coloured light beams (204, 206, 208) and adapted
to transmit the one (204) and to retlect the others (206, 208),
a second dichroic means (220) receiving the other light
beams (206, 208) and adapted to reflect a second (206) and
to transmit a third (208) light beam. The system (200) further
comprises a first, second and third polarizing means (216,
304, 222, 404, 226, 602) being adapted to transmit light
polarized 1n a desired direction, and a reflective rotating
means (210, 202) recerving light beams (204, 206, 208)
polarized 1n an undesired direction reflected from at least
one of the first, second and third polarizing means (216, 304,
222, 404, 226, 602), and which reflective rotating means
(210, 202) 1s adapted to convert the light polarized 1n the
undesired direction to converted light polarized in the

desired direction and retlect the converted light back to the
first, second and third polarizing means (216, 304, 222, 404,

226, 602).
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LCD PROJECTING SYSTEM HAVING DICHROIC
MIRRORS FOR POLARIZATION CONVERSION

FIELD OF INVENTION

[0001] This invention relates to a system for projecting
images on a screen. In particular, this mnvention relates to a
transmissive projection system comprising dichroic mirrors
used as polarizers for polarization conversion 1n a liquid
crystal display (LCD) projector.

BACKGROUND OF INVENTION

[0002] British patent application no. GB 2 354 658, which

1s considered the closest prior art, discloses a LCD projec-
tion system shown in FIG. 1 and comprising a light source
100 positioned 1n an optical mput path of a light collecting
optical unit 102 including a first dichroic mirror 104, a
dichroic second 106, and a reflective mirror 108. The light
source 100 provides red, green and blue light comprising a
perpendicular (s-polarized) and a parallel (p-polarized) com-
ponent. The first dichroic mirror 104 transmits only the
p-polarized red light (Rp) while reflecting the other light,
namely s-polarized red (Rs), green (Gs), and blue light (Bs)
together with p-polarized green (Gp) and blue light (Bp).
The second dichroic mirror 106 reflects the s-polanzed
green (Gs) and blue light (Bs), while transmitting the other
light, namely s-polarized red light (Rs), p-polarized green
(Gp) and blue (Bp) light. The first and second dichroic
mirrors 104, 106 together with the reflective mirror 108
provides a first optical output comprising p-polarized red
light (Rp), s-polarized green (Gs) and blue (Bs) light and a
second optical output comprising s-polarized red light (Rs),
p-polarized green (Gp) and blue (Bp) light. The first optical
output 1s converted 1n a half wave plate 110 1nto phase with
the second optical output and provided to a beam splitting,
arrangement 112 separating the s-polarized red light (Rs),
p-polarized green (Gp) and blue (Bp) light to be projected
onto liguid crystal light valves 114a, 1145, 114c¢ reflecting
modulated p-polarized red light (Rp), s-polarized green (Gs)
and blue light (Bs) to a projection lens 116. The beam
splitting arrangement 112 1s an expensive element of the
LCD projection system, hence alternative approaches for
conversion of polarization are required reducing the number
of beam splitters required in the projection system.

[0003] European patent application no. EP 0 825 472
discloses a projection type display apparatus comprising a
polarization separation unit spatially separating intermediate
light beams into a p-polarized light beam and an s-polarnized
light beam, and aligns the direction of one of both light
beams with the direction of the other of both light beams,
where aifter the polarized light beams are guided into their
respective colour channels. Hence polarization conversion
of the light beams 1s performed prior to the light enters the
channels.

SUMMARY OF THE INVENTION

[0004] An object of the present invention is to provide a
system for projecting images on a screen in which number
of beam splitters 1s reduced.

[0005] A further object of the present invention is to
provide a system utilizing dichroic mirrors for polarization
conversion instead of reflective polarizers, such as wire
orids, thereby reducing implementation costs.
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[0006] A particular advantage of the present invention is
the provision of a less expensive system and more eflicient
separation of the different light components of the light
beam.

[0007] The above objects and advantages together with
numerous other objects, advantages and features, which will
become evident from below detailled description, are
obtained according to a first aspect of the present mnvention
by a system for projecting an image on a display comprising;:

[0008] a first dichroic means receiving a first, a second and
a third primary coloured light beam and adapted to transmut

the first and to retlect the second and third primary coloured
light beams,

[0009] a second dichroic means receiving said second and
third primary coloured light beam and adapted to reflect said
second primary coloured light and to transmit said third
primary coloured light beam, characterized 1n further com-
prising;:

[0010] a first polarizing means receiving said first primary
coloured light beam, a second polarizing means receiving
said second primary coloured light beam, and a third polar-
1zing means receiving said third primary coloured light
beam, which first, second and third polarizing means being
adapted to transmit light polarized in a desired direction, and
further comprising a retlective rotating means receiving
reflected first, second and third primary coloured light
beams polarized 1n an undesired direction from at least one
of said first, second and third polarizing means and adapted
to convert said light polarized 1n said undesired direction to
converted light polarized 1n said desired direction and reflect
said converted light back to said first, second and third
polarizing means.

[0011] The polarizing scheme utilised by the system
according to a first aspect of the present invention provides
a simple and eflective conversion requiring only as few
reflective polarizers as possible.

[0012] The system according to the first aspect of the
present mvention may further comprise a first, second and
third transmissive light valve means receiving the first, the
second and the third primary coloured light beam, respec-
tively, and each of the first, second and third transmissive
light valve means being adapted to modulate one of the first,
the second and the third primary coloured light beams. In
addition, the system may further comprise a recombination
prism receiving modulated first, second and third primary
coloured light from the first, second and third transmissive
light valve means, and being adapted to recombine the
modulated first, second and third primary coloured light
beams ito the image to be projected on the display.

[0013] The first, the second and the third primary coloured
light beam according to the first aspect of the present
invention are coloured blue, green and red, respectively.
These primary colours are generally utilised for liquid
crystal display techniques.

[0014] The reflective rotating means according to the first
aspect of the present invention may comprise a quarter wave
plate adapted to receive the reflected first, second and third
primary coloured light beams polarized in the undesired
direction and to rotate polarization of the reflected first,
second and third primary coloured light beams by 90°. In
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addition, the reflective rotating means may comprise a
patterned mirror having reflective regions adapted to retlect
rotated reflected first, second and third primary coloured
light beams received from the quarter wave plate back
through the quarter wave plate. Thereby a rotation of polar-
ization of reflected first, second and third primary coloured
light beams to a desired direction 1s established. By passing
the quarter wave plate twice a linearly rotation of 90° 1s
achieved thus rotating s-polarized light to p-polarized light,
or rotating p-polarized light to s-polarized light.

[0015] The patterned mirror may further comprise trans-
parent regions adapted to transmit the first, second and third
primary coloured light beams polarized 1n the desired and
the undesired direction from a light source to the quarter
wave plate.

[0016] The first dichroic means according to the first
aspect of the present mvention may be operable as a low
pass filter having a threshold for p-polarized light at the
upper spectral limit of the spectral range of the first primary
coloured light beam. Hence the first dichroic means, such as
a dichroic mirror, may transmit p-polarized blue light while
reflecting s-polarized blue light and other coloured light so
that no reflective polarizer 1s required before the first light
valve means. Thus an expensive retlective wire grid polar-
1zer 1s avoided.

[0017] The second polarizing means may be adapted to
rotate so as to control amount of the second primary
coloured light beam reaches the second light valve means, or
may 1n fact be replaced by a normal polarizer. A normal
polarizer should in this context be construed as a polarizer
transmitting light with one polarization and absorbing light
with the other polarization. This 1s beneficial when the
system 1s utilised for projecting video 1mages, since lesser
green coloured light 1s required.

[0018] The second dichroic means according to the first
aspect of the present invention may be operable as a high
pass filter having a threshold for p-polarized light at the
upper spectral limit of the spectral range of the second
primary coloured light beam. The first polarizing means may
comprise a first polarizer and the second and third polarizing
means comprising a reflective polarizer. Hence the second
dichroic means, such as a dichroic mirror, retlects s-polar-
1zed blue light together with green light and part of the
s-polarized red light to the second polarizing means, which
reflects all other than p-polarized light back through the
reflective rotating means converting the polarizations of the
blue and green light.

[0019] The second dichroic means according to the first
aspect ol the present invention may be operable as a notch
filter having a lower threshold for s-polarized light at the
lower spectral limit of the spectral range of the second
primary coloured light beam and an upper threshold for
s-polarized light at the upper spectral limit of the spectral
range of the second primary coloured light beam. The first
polarizing means may comprise a first polarizer, the second
polarizing means may comprise a second polarizer, and the
third polarizing means may comprise a reflective polarizer.
This system may further comprise a third dichroic means
operable as a high pass filter having a threshold equal to
lower spectral limit of the spectral range of the second
primary coloured light beam (206).

[0020] Alternatively, this system may comprise a third
dichroic means operable as a low pass filter having a
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threshold for s-polarized light at the lower spectral limit of
the spectral range of the third primary coloured light. The
ow pass filter may have a threshold for p-polarized light
above the spectral limit of the spectral range of the third
primary coloured light. Additionally or alternatively, a white
mirror for reflecting s-polarized light 1n the spectral range of
the first primary coloured light beam, p-polarized light in the
spectral ranges of the second and third primary coloured
light beams. Hence all the undesired polarizations are con-
verted 1n what 1s know as the red channel defined between
the third light valve means and reflective rotating means, and
thus two or three reflective polarizers may be eliminated
thereby further decreasing costs for implementing the sys-
tem.

[0021] Alternatively, the second dichroic means may be
operable as a high pass filter having a threshold for s-po-
larized light at the upper spectral limit of the spectral range
of the second primary coloured light beam. The first polar-
1zing means may comprise a first polarizer, the second
polarizing means may comprise a second polarizer, and the
third polarizing means may comprise a reflective polarizer.
This system may further comprise a third dichroic means
operable as a high pass filter having a threshold equal to
lower spectral limit of the spectral range of the second
primary coloured light beam. As before this polarization
conversion requires only one retlective polarizer thus sim-
plifying implementation of this system as well as reducing,
costs for this system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above, as well as additional objects, features
and advantages of the present invention, will be better
understood through the following illustrative and non-lim-
iting detailed description of preferred embodiments of the
present mvention, with reference to the appended drawing,
wherein:

10023] FIG. 1, shows system according to prior art as
disclosed 1n British patent application no. GB 2 354 658 and
described above;

10024] FIG. 2, shows a projection system according to a
first embodiment of the present invention;

[10025] FIG. 3, shows a projection system according to a
second embodiment of the present invention;

[10026] FIG. 4, shows a projection system according to a
third embodiment of the present invention;

[10027] FIG. 5, shows a projection system according to a
fourth embodiment of the present invention; and

10028] FIG. 6, shows a projection system according to a
fifth embodiment of the present invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

10029] In the following description of the various embodi-
ments, reference 1s made to the accompanying figures,
which are shown by way of illustration 1n which the mven-
tion may be practiced. It 1s to be understood that other
embodiments may be utilized and structural and functional
modifications may be made without departing from the
scope of the present mnvention.
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[0030] FIG. 2, shows a system 200 according to a first
embodiment of the present mvention, which system 200
comprises a patterned mirror 202 having transparent regions
allowing red 204, green 206 and blue 208 light through a

quarter wave plate 210.

10031] The red 204, green 206 and blue 208 light, respec-

tively, defined by a red spectral range, a green spectral range,
and a blue spectral range. The red 204, green 206 and blue
208 light 1s projected on a first dichroic mirror 212 trans-
mitting the blue spectral range. The blue light 1n the blue
spectral range, indicated in FIG. 2 by (Bs+Bp) 1s, subse-
quently, reflected by a first reflecting mirror 214 to a first
reflective polarizer 216, such as a Moxtek® wire grid,
transmitting the s-polarized blue light and reflecting the
p-polarized blue light (Bp). The reflected p-polarized blue
light (Bp) 1s thus projected back through the quarter wave
plate 210, which introduces a retardation of 90 degrees to the
reflected p-polarized blue light (Bp), to retlective regions of
the patterned mirror 202. The reflective regions, of the
patterned mirror 202 reflects light back through the quarter
wave plate 210 again thus introducing 90 degrees retardation
for a second time. Thus, the quarter wave plate introduces
two times 90 degrees of retardation to the reflected light, 1.e.
the polarisation 1s rotated over 90 degrees with respect to the
incoming light.

[0032] The transmitted s-polarized blue light (Bs) is pro-
jected on the recombination prism 218 gathering each of the
encoded light beams from each of the coloured light paths,
1.e. the red 204, green 206 and blue 208 light paths. The
recombined light forms a complete 1mage to be projected
through a projection lens onto a projection screen.

10033] FIGS. 2 through 6 do not show lenses, filters and

light valves, however, as will be apparent to a person skilled
in the art they are required for providing a projection system.

10034] The first dichroic mirror 212 reflects the light in the
green and red spectral range to a second dichroic mirror 220,
which reflects the green light 1n the green spectral range. The
green light 1 the green spectral range, indicated 1n FIG. 2 as
(Gs+Gp), 1s projected to a second reflective polarizer 222
transmitting s-polarized green light (Gs) to the recombina-
tion prism 218 and reflecting the p-polarized green light
(Gp) back through the quarter wave plate 210 to the retlec-
tive regions of the patterned mirror 202.

[0035] The second dichroic mirror 220 transmits the red
light 1n the red spectral range, indicated in FIG. 2 as
(Rs+Rp), which 1s projected to a second and third reflecting
mirror 223 and 224, respectively, which mirrors 223, 224
reflect the red light (Rs+Rp) to a third reflective polanizer
226 transmitting the s-polarized red light (Rs) to the recom-
bination prism 218 and reflecting the p-polarized red light
(Rp) back through the quarter wave plate 210 to retlective
regions of the patterned mirror 202.

[0036] In general, the spectral behaviour of dichroic mir-
rors 1s dependent on wavelength of the light projected on to
the dichroic mirrors, however, the spectral behaviour of
dichroic mirrors are, in addition, dependent on polarization
of light at a specific wavelength. For a dichroic mirror
operating as a low pass filter, that 1s, a filter retlecting light
having wavelengths above a certain threshold value and
transmitting light having wavelengths below said certain
threshold value, and for a high pass filter, that 1s, a filter
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oppositely retlecting light having wavelengths below a cer-
tain threshold value and transmitting light having wave-
lengths above said certain threshold value, p-polarized or
parallel polarized light having a specific wavelength might
be totally transmitted while s-polarized or perpendicular
polarized light having said specific wavelength 1s partly
reflected and partly transmitted.

[0037] The reflected spectral bandwidth of a notch filter is

thus wider for s-polarized light than for p-polarized light
and, correspondingly, the transmitted spectral bandwidth of
a band pass filter 1s narrower for s-polarized light than for
p-polarized light.

[0038] The first and second dichroic mirrors 212 and 220
thus respond diflerently to s-polarized and p-polarized light.
A short wavelength part of the p-polarized green light 1s
transmitted by the first dichroic mirror 212 having a low pass
threshold value for s-polarized light at the lower spectral
limit for green, since the low pass threshold value for
p-polarized light 1s higher than the low pass threshold value
for s-polarized light, and a long wavelength part of the green
light 1s transmitted by the second dichroic mirror 220 having
a high pass threshold value for s-polarized light at the upper
spectral limit for green, since the high pass threshold value
for p-polarized light 1s lower than the high pass threshold
value for s-polarized light.

[0039] A middle part of the green spectral range, which is,
approximately, half of the bandwidth of the green spectral
range, 1s projected on the second retlective polarizer 222.
Since lesser green light 1s required for video projection, the
second retlective polarizer 222 may, 1n fact, be tilted so as
to control the amount of green light reaching the recombi-
nation prism 218. By the tilting of the second reflective
polarizer 222 a particular advantage 1s achieved, since this
provides excellent means for changing the performance
optimization from business to video. For video projection
the second reflective polarizer 222 may be substituted by a
normal polariser.

[0040] FIG. 3 shows a system 300 according to a second
embodiment of the present invention, which system 300
comprises some of the elements as described with reference
to FIG. 2 and said elements are numbered as in FIG. 2.

[0041] In this system 300, the first dichroic mirror 212
according to the second embodiment of the present inven-
tion operates as a low pass filter having a threshold for
p-polarized light at the upper spectral limit and for s-polar-
ized light at the lower spectral limit of the blue spectral
range. The first dichroic mirror 212 thus transmits a major
part of the p-polarized blue light 1n the blue spectral range,
indicated by (Bp) in FIG. 3, and reflects s-polarized blue
light (Bs) together with the green light (Gs+Gp) and the red
light (Rs+Rp).

[0042] Hence no polarization conversion is required in a
blue channel 302 defined between a first polarizer 304,
substituting the first reflective polarizer according to the first
embodiment of the present invention, and the patterned
mirror 202. The first polarizer 304 transmits p-polarized blue
light (Bp) to the recombination prism 218.

10043] The second dichroic mirror 220 according to the

second embodiment of the present invention operates as a
high pass filter having a threshold for p-polarized light at the
upper spectral limit of the green spectral range. The second
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dichroic mirror 220 thus transmits the red light (Rs+Rp) and
reflects the green light (Gs+Gp) together with s-polarized
blue light (Bs). By selecting the threshold for p-polarized
light at the upper spectral limit of the green spectral range,
a part of the s-polarized red light (rs) 1s reflected by the
second dichroic mirror 220.

10044] Thus, polarization conversion is required in a green
channel 306 defined between the second reflective polarizer
222 and the patterned mirror 202. The second reflective
polarizer 222 transmits p-polarized green light (Gp) to the
recombination prism 218 and retlects the s-polarized green
light (Gs) together with the part of s-polarized red light (rs)
and the s-polarized blue light (Bs) back through the quarter
wave plate 210 to reflective regions of the patterned mirror
202, thereby converting the polarization of the light 1n the
green channel 306.

[0045] Further, polarization conversion is required in a red
channel 308 defined between the third reflective polarizer
226 and the patterned mirror 202. The third reflective
polarizer 226 transmits the p-polarized red light (Rp) to the
recombination prism 218 and reflects the s-polarized red
light (Rs) back through the quarter wave plate 210 to
reflective regions of the patterned mirror 202, thereby con-
verting the polarization of the light 1n the red channel 308.

10046] The system 300 according to the second embodi-
ment of the present invention thus eliminates the require-
ment for the first reflective polarizer 216. This achievement
provides a significant cost reduction 1n implementation of

the system 300.

10047] FIG. 4 shows a system 400 according to a third
embodiment of the present invention, which system 400
comprises some of the elements as described with reference

to FIGS. 2 and 3, and said elements are numbered as 1n
FIGS. 2 and 3.

[0048] The first dichroic mirror 212 according to the third
embodiment of the present invention operates as a low pass
filter having a threshold for p-polarized light at the upper
spectral limit and for s-polarized light at the lower spectral
limit of the blue spectral range. The first dichroic mirror 212
thus transmits a major part of the p-polarized blue light in
the blue spectral range, indicated by (Bp) in FIG. 4, and
reflects s-polarized blue (Bs) light together with the green
light (Gs+Gp) and red light (Rs+Rp). As described with
reference to FIG. 3, hence no polarization conversion 1s
required in the blue channel 302 and, consequently, only the
first polarizer 304 transmitting p-polarized blue light (Bp) to
the recombination prism 218 1s required.

[0049] The second dichroic mirror 220 according to the
third embodiment of the present invention operates as a
notch filter having a lower threshold for s-polarized light at
the lower spectral limit of the green spectral range and an
upper threshold for s-polarized green light at the upper
spectral limit of the green spectral range. It 1s, particularly,
advantageous to select the lower and upper threshold wave-
length values for p-polarized light so that the p-polanzed
bandwidth 1s as narrow as possible, preferably zero band-
width, so as to avoid any p-polarized green light (Gp) 1n a
green channel 402 defined between a second polarizer 404,
substituting the second reflective polarizer according to the
first and second embodiment of the present invention, and
the patterned mirror 202. Hence the requirement for the

Aug. 9, 2007

second reflective polarizer 222 1s now eliminated from the
green channel 402, thereby further reducing the costs for
implementing the system 400.

[0050] The second dichroic mirror 220 thus reflects the
tull bandwidth of s-polarized green light (Gs) 1n the green
spectral range, that 1s, the upper and lower thresholds are
chosen so as to transmit p-polarized green light (Gp) 1n the
red channel 308 together with together with the s-polarized
blue light (Bs) and the red light(Rs+Rp). The s-polarized
blue light (Bs) 1s reflected back through the quarter wave
plate 210 to the retlective regions of the patterned mirror 202
by a dichroic high pass filter 406 having a threshold equal to
the lower spectral limit of the green spectral range.

[0051] In addition, the dichroic high pass filter 406 may be
substituted by a half wave retarder, which rotates polariza-
tion only for the blue and green light.

[0052] The first polarizer 304 in the system 400 transmits
p-polarized blue light (Bp) in the blue spectral range to the
recombination prism 218. The second polarizer 404 trans-
mits s-polarized green light (Gs) in the green spectral range
to the recombination prism 218. The third retlective polar-
1zer 226 transmits the s-polarized red light (Rs) 1n the red
spectral range to the recombination prism 218 and reflects
the p-polarized red light (Rp) together with the p-polarized
ogreen light (Gp) in the red channel 308 back through the
quarter wave plate 210 to reflective regions of the patterned

mirror 202, thereby entirely performing conversion of polar-
ization of the light 1n the red channel 308.

[0053] Hence, the system 400 according to the third
embodiment of the present mnvention thus further simplifies
the conversion by eliminating the requirement for the first
and second retlective polarizer 216, 222. This achievement
provides a significant cost reduction in implementation of
the system 400.

[0054] FIG. 5 shows a system 500 according to a fourth
embodiment of the present invention, which system 500
comprises some of the elements as described with reference

to FIGS. 2, 3 and 4 and said elements are numbered as 1n
FIGS. 2, 3 and 4.

[0055] The first dichroic mirror 212 according to the
fourth embodiment of the present invention operates as a
low pass filter having a lower threshold for p-polarized light
at the upper spectral limit and for s-polarized light at the
lower spectral limit of the blue spectral range. The first
dichroic mirror 212 thus transmits a major part of p-polar-
1zed blue light 1n the blue spectral range, indicated by (Bp)
in FIG. 5, and retlects s-polarized blue (Bs) light together
with the green light (Gs+Gp) and red light (Rs+Rp). As
described with reference to FIGS. 3 and 4, hence no polar-
1zation conversion 1s required in the blue channel 302 and,
consequently, only the first polarizer 304 transmitting p-po-
larized blue light (Bp) to the recombination prism 218 1is
required.

[0056] The second dichroic mirror 220 according to the
fourth embodiment of the present invention operates as a
high pass filter having a threshold for s-polarized light at the
upper spectral limit of the green spectral range. The second
mirror 220 thus transmits a part of p-polarized green light
(gp) 1into the red channel 308 together with red light (Rs+Rp)
and reflects s-polarized blue light (Bs) together with green

light (Gs+Gp).
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[0057] The s-polarized blue light (Bs) in the green channel
402 1s retlected back through the quarter wave plate 210 to
the reflective regions of the patterned mirror 202 by a
dichroic high pass filter 502 having a threshold wavelength

value at the lower spectral limit of the green spectral range.

|0058] The first polarizer 304 transmits the p-polarized
blue light (Bp) in the blue spectral range to the recombina-
tion prism 218. The second polarizer 404 transmits part of
the s-polarized green light (Gs) to the recombination prism
218, while the dichroic high pass filter 502 reflects the
s-polarized blue light (BS) back through the quarter wave
plate 210 to retlective regions of the pattemed mirror 202,
thereby performing a polarization conversion of blue light in
the green channel 402. The third retlective polarizer 226
transmits the s-polarized red light (Rs) and reflects p-polar-
1zed red light (Rp) together with the part of p-polarized
green light (gp) back through the quarter wave plate 210 to
reflective regions of the patterned mirror 202, thereby per-

forming polarization conversion of part of the green light,
and all the red light 1n the red channel 308.

[0059] It should be noted, that insertion of the dichroic
high pass filter 502 before the second polarizer 404 in the
green channel 402 provides a simple and elegant solution for
reducing costs of the system 500, since no reflective polar-
izer 1s required in the green channel 402. Note that some
p-polarized green light 1s lost 1n the second polarizer 404.

[0060] FIG. 6 shows a system 600 according to a fifth
embodiment of the present invention, which system 600
comprises some of the elements as described with reference

to FIGS. 2, 3, 4 and 5 and said elements are numbered as 1n
FIGS. 2, 3, 4 and 5.

[0061] System 600 comprises the first and second dichroic
mirrors 212, 220 operating as described with reference to
system 400 shown in FIG. 4. That 1s, the p-polarized blue
light (Bp) in the blue spectral range 1s transmitted to the first
polarizer 304 by the first dichroic mirror 212, the s-polarized
green light (Gs) 1s reflected to the second polarizer 404 by
the second dichroic mirror 212, and s-polarized red light
(Rs) 1s reflected to a third polarizer 602 by a third dichroic
mirror 604.

[0062] The third dichroic mirror 604 operates as a low
pass filter having a threshold for s-polarized light at the
lower spectral limit of the red spectral range. The threshold
for p-polarized light 1s higher, preferably above the upper
spectral limit of the red spectral range.

[0063] The third dichroic mirror 604 thus transmits the

s-polarized blue light (Bs), p-polarized green light (Gp) and
p-polarized red light (Rp) to a white mirror 606. Hence no

reflective polarizers are required 1n either the blue, green or
red channel 302, 402, 308. The white mirror 606 1s at a

position of the window 1mage, that 1s, it 1s to be 1lluminated
in the same way as the light valves (i.e. LCDs) and polar-
1ZETs.

1. A system (200, 300, 400, 500, 600) for projecting an
image on a display comprising:

a first dichroic means(212) receiving a first (204), a
second (206) and a third (208) primary coloured light
beam and adapted to transmit the first (204) and to
reflect the second (206) and third (208) primary

coloured light beams,

Aug. 9, 2007

a second dichroic means (220) receiving said second
(206) and third (208) primary coloured light beam and
adapted to reflect said second (206) primary coloured
light and to transmit said third (208) primary coloured
light beam, characterized in further comprising:

a first polarizing means (216, 304) receiving said first
primary coloured light beam (204), a second polarizing
means (222, 404) recerving said second primary
coloured light beam (206), and a third polarizing means
(226, 602) recerving said third primary coloured light
beam (208), which first, second and third polarizing
means (216, 304, 222, 404, 226, 602) being adapted to
transmit light polarized 1n a desired direction, and
further comprising a reflective rotating means (210,
202) recerving retlected first, second and third primary
coloured light beams (204, 206, 208) polarized 1n an
undesired direction from at least one of said first,
second and third polarizing means (216, 304, 222, 404,
226, 602) and adapted to convert said light polarized 1n
said undesired direction to converted light polarized 1n
said desired direction and reflect said converted light
back to said first, second and third polarizing means
(216, 304, 222, 404, 226, 602).

2. A system (200, 300, 400, 500, 600) according to claim

1 further comprising a first, second and third transmissive
light valve means receiving said first, said second and said
third primary coloured light beam (204, 206, 208), respec-
tively, and each of said first, second and third transmissive
light valve means being adapted to modulate one of said
first, said second and said third primary coloured light beams
(204, 206, 208).

3. A system (200, 300, 400, 500, 600) according to claim
2, Turther comprising a recombination prism (218) receiving
modulated first, second and third primary coloured light
from said first, second and third transmissive light valve
means, and being adapted to recombine said modulated first,
second and third primary coloured light beams into said
image to be projected on said display.

4. A system (200, 300, 400, 500, 600) according to claim

1, wherein said first, said second and said third primary
coloured light beam (204, 206, 208) are coloured blue, green
and red, respectively.

5. A system (200, 300, 400, 500, 600) according to claim

1, wherein said reflective rotating means (202, 210) com-
prises a quarter wave plate (210) adapted to receive said
reflected first, second and third primary coloured light
beams (204, 206, 208) polarized 1n said undesired direction
and to rotate polarization of said reflected first, second and
third primary coloured light beams (204, 206, 208) by 900,
and a patterned mirror (202) having retflective regions
adapted to reflect rotated reflected first, second and third
primary coloured light beams (204, 206, 208) received from
said quarter wave plate (210) back through said quarter
wave plate (210) thereby establishing a rotation of polar-
1zation of reflected first, second and third primary coloured

light beams (204, 206, 208) to a desired direction.

6. A system (200, 300, 400, 500, 600) according to claim
5, wherein said patterned mirror (20) comprises transparent
regions adapted to transmit said first, second and third
primary coloured light beams (204, 206, 208) polarized in
said desired and said undesired direction from a light source
to said quarter wave plate (210).

7. A system (300, 400, 500, 600) according to claim 1,

wherein said first dichroic means (212) 1s operable as a low
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pass filter having a threshold for p-polarized light at the
upper spectral limit of the spectral range of said first primary
coloured light beam (204).

8. A system (300) according to claim 1, wheremn said
second dichroic means (220) 1s operable as a high pass filter
having a threshold for p-polarized light at the upper spectral
limit of the spectral range of the second primary coloured
light beam (206).

9. A system (300, 400, 500, 600) according to claim 7,
wherein said first polarizing means comprising a first polar-
izer (304) and said second and third polarizing means
comprising a reflective polarizer (226, 222).

10. A system (400, 600) according to claim 1, wherein
said second dichroic means (220) 1s operable as a notch filter
having a lower threshold for s-polarized light of the lower
spectral limit of the spectral range of said second primary
coloured light beam (206) and an upper threshold for
s-polarized light at the upper spectral limit of the spectral
range of said second primary coloured light beam (206).

11. A system (400,600) according to claim 10, wherein
said first polarizing means comprising a {irst polarizer (304),
said second polarizing means comprising a second polarizer
(404), and said third polarizing means comprising a reflec-
tive polarizer (226).

12. A system (400) according to claim 11 further com-
prising a third dichroic means (406) operable as a high pass
filter having a threshold equal to lower spectral limit of the
spectral range of said second primary coloured light beam
(206).

13. A system (600) according to claim 11 further com-
prising a third dichroic means (604) operable as a low pass

filter

having a threshold for s-polarized light at the lower
spectral limit of the spectral range of said third primary

coloured light (208).
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14. A system (600) according to claim 13, wherein said
low pass filter having a threshold for p-polarized light above
the spectral limit of the spectral range of said third primary

coloured light (208).

15. A system (600) according to claim 13 further com-
prising a white mirror (606) for retflecting s-polarized light
in the spectral range of said first primary coloured light beam
(204), p-polarized light in the spectral ranges of said second

and third primary coloured light beams (206, 208).

16. A system (500) according to claim 1, wherein said
second dichroic means (220) 1s operable as a high pass filter
having a threshold for s-polarized light at the upper spectral

limit of the spectral range of said second primary coloured
light beam (206).

17. A system (500) according to claim 16, wherein said
first polarizing means comprising a first polarizer (304), said
second polarizing means comprising a second polarizer
(404), and said third polarizing means comprising a reflec-
tive polarizer (226).

18. A system (3500) according to claim 17 further com-
prising a third dichroic means (502) operable as a high pass

filter having a threshold for s-polarized light at the upper

spectral limit of the spectral range of the second primary
coloured light beam (206).

19. A system (200) according to claim 2, wherein said
second polarizing means (222) 1s adapted to rotate so as to
control amount of said second primary coloured light beam
(206) reaches said second light valve means.

20. A system (200) according to claim 2, wherein said
second polarizing means (222) comprises a normal polar-
1ZEr.
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