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R I P T I O N LIQUID CRYSTAL DISPLAY APPARATUS Technical Field The present
invention relates to a liquid crystal 5  display apparatus, and, more
particularly, to a color liquid crystal display apparatus which uses
optical means such as holographic optical element. Background Art There is
a known liquid crystal display (LCD) 10  apparatus which irradiates light
from a back light source on a liquid crystal (LC) cell to display a color
image. This LCD apparatus uses red (R), green (G) and blue (B) color
filters corresponding to the pixels of the LC cell. This LCD apparatus
displays a color image as the light from 15 the back light source is
colored at the time of passing through the color filters. When the light
from the back light source passes through the color filters in this LCD
apparatus, however, 



the color filters absorb lights of complementary color 20  components.  The
LCD apparatus therefore has a poor efficiency of using light from the back
light source and suffers dark color display. In view of the above
situation, an LCD apparatus has recently been developed which improves the
light use 25  efficiency by using a holographic optical element.  This LCD
apparatus has a holographic optical element provided between the light
source and the LC cell. This holographic optical element splits parallel
light from the back light source to light components of R, G and B
wavelengths. The 30  split lights are condensed on the pixels of the LC
cell of the associated colors.  Accordingly, the lights of the individual
wavelengths enter the respective pixels of the LC cell wastelessly. Each of
multiple diffraction gratings of the 35  holographic optical element of
this LCD apparatus diffracts light of any one of wavelengths of the
parallel light   



2 incident at a certain angle of incidence (incident angle). Since there
are different diffraction angles for different wave lengths of light, light
of each wavelength enters the associated pixel of the LC cell. The
diffraction angle and diffraction efficiency of this holographic optical
element for light of each wavelength are determined by the incident angle
of light to the holographic optical element. Therefore, the intensity of
light incident to each pixel of the LC cell is not fixed but varies
wavelength by wavelength. A generally used holographic optical element has
the highest diffraction efficiency for the G wavelength component among the
R, G and B wavelength components. It is therefore difficult to acquire a
good colour characteristics with balanced R, G and B colours. Disclosure of
Invention Accordingly, it is an object of the present invention to provide
an LCD apparatus which can acquire a good colour 



characteristic with balanced R, G and B colours. To achieve the above
object, an LCD apparatus according to one aspect of this invention there is
provided a liquid crystal display apparatus comprising: a light source (1,
2) for supplying a substantially parallel light flux; a liquid crystal
device (7) having multiple pixels; a first holographic optical element (5,
15) arranged to split said substantially parallel light flux from said
light source (1, 2) into a plurality of light fluxes of difference    3
wavelength bands the split light flux of each wavelength band being
parallel, and emitting said split light fluxes in different directions
respectively; and a second holographic optical element (6, 16) arranged to
guide said plurality of light fluxes in wavelength bands emitted from said
first holographic optical element (5, 15) 



to predetermined pixels of said liquid crystal device (7) wavelength band
by wavelength band. A plurality of light fluxes of different wavelength
bands, split by the first holographic optical element, hit the second
holographic optical element at different incident angles. Therefore, the
second holographic optical element can make the intensities of light
components incident to the respective pixels of the LC cell substantially
the same for any wavelength band. Accordingly, this LCD apparatus can
acquire an excellent colour characteristic with balanced R, G and B
colours. An LCD apparatus according to another aspect of this invention
comprises a liquid crystal display apparatus comprising: a light source (1,
2) for supplying a substantially parallel light flux; a liquid crystal
device (7) having multiple pixels; prism (20, 25) means for emitting said
substantially parallel light flux from said light source (1, 2) as a light 



flux having a plurality of light fluxes each having a direction
corresponding to its own wavelength band; and    4 a holographic optical
element (21, 26) for guiding the plurality of light fluxes having the
directions corresponding to the wavelength bands emitted from said prism
means (20, 25) to predetermined pixels of said liquid crystal device (7)
respectively. A plurality of light fluxes of different wavelength bands,
split by the prism means, hit the holographic optical element at different
incident angles. Therefore, the holographic optical element can make the
intensities of light components incident to the respective pixels of the LC
cell substantially the same for any wavelength band. Accordingly, this LCD
apparatus can acquire an excellent colour characteristic with balanced R, G
and B colours. 



An LCD apparatus according to a further aspect of this invention comprises
a liquid crystal display apparatus comprising: a light source (1, 2) for
supplying a substantially parallel light flux; a liquid crystal device (7)
having multiple pixels; a first holographic optical element (5, 15) for
splitting said substantially parallel light flux from said light source (1,
2) into plurality light of fluxes of different wavelength bands, the split
light flux of each wavelength band being parallel and emitting said split
light fluxes in different directions respectively; a second holographic
optical element (6, 16) for guiding said plurality of light fluxes
different in wavelength bands    4a from said first holographic optical
element (5, 15) to predetermined pixels of said liquid crystal device (7) 



wavelength band by wavelength band; and a transparent plate, on both sides
of which the first holographic optical element (5, 15) and the second
holographic optical element (5, 15) are arranged. An LCD apparatus
according to a still further aspect of this invention comprises a liquid
crystal display apparatus comprising: a light source (1, 2) for supplying a
substantially parallel light flux; a liquid crystal device (7) having
multiple pixels; a first holographic optical element (5, 15) for splitting
said substantial parallel light flux from said light source (1, 2) into a
plurality of light fluxes different in wavelength bands and parallel to
each other, and emitting said split light fluxes in different directions
respectively; a second holographic optical element (6, 16) for guiding said
plurality of light fluxes different in wavelength bands from said first
holographic optical element (5, 15) to predetermined pixels of said liquid
crystal device (7) 



wavelength band by wavelength band; and a transparent plate, on a side of
which the first holographic optical element (5, 15) and the second
holographic optical element (5, 15) are arranged.    4b Brief Description
of Drawings Fig. 1 is a cross-sectional view illustrating the structure of
an LC projector according to the first    WO 97/13175
PCT/JP96/02837 5 embodiment of this invention; Fig. 2 is a diagram showing
a light path for a light of a green (G) wavelength component in the LC
projector in Fig. 1; 



5       Fig. 3 is a diagram showing a light path for a light of a red (R)
wavelength component in the LC projector in Fig. 1; Fig. 4 is a diagram
showing a light path for a light of a blue (B) wavelength component in the
LC projector in 10  Fig. 1; Fig. 5 is a graph depicting the diffraction
efficiency of a second holographic optical element of the LC projector in
Fig. 1; Fig. 6 is a diagram showing a first modification of 15  the LC
projector according to the first embodiment of this invention; Fig. 7 is a
diagram showing a second modification of the LC projector according to the
first embodiment of this invention; 20       Fig. 8 is a cross-sectional
view illustrating the structure of an LC projector according to the second
embodiment of this invention; Fig. 9 is a diagram showing a first
modification of the LC projector according to the second embodiment of this



25 invention; Fig. 10 is a diagram showing a second modification of the LC
projector according to the second embodiment of this invention; Fig. 11 is
a cross-sectional view illustrating the 30  structure of an LC projector
according to the third embodiment of this invention; Fig. 12 is a diagram
showing a light path for a light of a green (G) wavelength component in the
LC projector in Fig. 11; 35       Fig. 13 is a diagram showing a light path
for a light of a red (R) wavelength component in the LC projector in    WO
97/13175                                       PCT/JP96/02837 6 Fig. 11;
Fig. 14 is a diagram showing a light path for a light of a blue (B)
wavelength component in the LC projector in 



Fig. 11; 5       Fig. 15 is a cross-sectional view illustrating the
structure of an LC projector according to the fourth embodiment of this
invention; and Fig. 16 is a cross-sectional view illustrating the structure
of an LC projector according to the fifth 10 embodiment of this invention.
Fig. 17 is a diagram showing a light path from a lamp to pixels of an LC
cell of Fig. 16. Fig. 18 is a diagram showing shapes of microlenses
associated with unit pixels. 15       Fig. 19 is a diagram showing other
shapes of microlenses associated with unit pixels. Best Modes for Carrying
Out the Invention First Embodiment Fig. 1 illustrates the structure of an
LCD projector 20 according to the first embodiment of this invention. In
this LC projector, a lamp 1 which generates white light is located at the
focus point of a reflector 2 having a parabolic surface. The reflector 2
reflects the light 



from the lamp 1 to be parallel to an optical axis 3. A 25 polarization
plate 4 which passes light of a specific polarized light component is
provided perpendicular to the optical axis 3 on the light reflecting side
of the reflector 2. (This polarization plate 4 will hereinafter be called
"incident-side polarization plate.") Arranged on 30 the light outgoing side
of the incident-side polarization plate 4 is a first holographic optical
element 5 inclined to the optical axis 3 by a predetermined angle.
Accordingly, a parallel light of a specific polarized light component which
has passed the incident-side polarization 35  plate 4 centers the first
holographic optical element 5 at a predetermined incident angle. On the
light outgoing side    WO 97/13175
PCT/JP96/02837 7 cell 7, a polarization plate 8 (hereinafter called
"outgoing-side polarization plate") which passes a specific 



polarized light component is provided parallel to the LC cell 7. A
projection lens 9 for projecting an image of 5 light which has passed the
outgoing-side polarization plate 8 is located on the light going side of
the outgoing-side polarization plate 8. The LC cell 7 has a liquid crystal
sealed between a pair of transparent substrates on which electrodes are 10
formed in a dot matrix form and multiple pixels are arranged in a dot
matrix form. A black matrix BM for preventing light leakage is provided
between the pixels on the substrate to which light is incident. The LC cell
7 has unit pixels each consisting of a set of three color (R, 15 G and B)
pixels. One side of each pixel has a size of 54 pm and the pitch between
the pixels is 88 pm. This LC cell 7 is provided with color filters for R, G
and B. The LC cell 7 may however have no color filters. The incident-side
polarization plate 4 passes a 20 specific polarized light component (e.g.,
either linearly polarized S light component or P light component) included
in the parallel light which has been emitted from the lamp 



1 and has been reflected by the reflector 2. The outgoing- side
polarization plate 8 passes a specific polarized light 25 component in the
light outgoing from the LC cell 7. The first holographic optical element 5
diffracts light of any wavelength with each diffraction grating. The
diffraction angle of the light diffracted by the first holographic optical
element 5 varies in accordance with the 30 wavelength. The diffraction
gratings of the first holographic optical element 5 are formed at a uniform
pitch d (= 2.182 nm). The first holographic optical element 5 is inclined
to the optical axis 3 of the lamp 1 by 23' in order to cause 35 lights of
three wavelength components of R, G and B (hereafter called as "light of
the R wavelength component,"    WO 97/13175
PCT/JP96/02837 8 "light of the G wavelength component" and "light of the B 



wavelength component") incident to the second holographic optical element 6
at specific incident angles respectively. Accordingly, the incident angle
of light to the first 5 holographic optical element 5 becomes 23[err].  The
first holographic optical element 5 diffracts the lights incident at an
incident angle of 23[err] to emit the resultant lights at angles different
wavelength by wavelength.  The light of the R wavelength component ([err] =
640 nm) comes out of the 10 first holographic optical element 5 at an angle
of 43[err]. The light of the G wavelength component ([err] = 550 nm) comes
out of the first holographic optical element 5 at an angle of 40[err]. The
light of the B wavelength component ([err] = 460 nm) comes out of the first
holographic optical element 5 at 15  an angle of 37[err]. The second
holographic optical element 6 diffracts light of any wavelength. The
diffraction angle of the light diffracted by the second holographic optical
element 6 varies in accordance with the wavelength. The second 20
holographic optical element 6 causes the lights from the first holographic
optical element 5, which are incident at 



specific incident angles for the respective wavelength components, to enter
the respective pixels of the LC cell 7 corresponding to the individual
colors. As shown in Figs. 25  2 to 4, the second holographic optical
element 6 has unit holographic optical elements arranged in association
with unit pixels each consisting of a set of three color (R, G and B)
pixels of the LC cell 7. Those unit holographic optical elements have the
maximum diffraction efficiency 30  for the R wavelength at a point HA shown
in Figs. 2 to 4, the maximum diffraction efficiency for the G wavelength at
a point HB shown in Figs. 2 to 4 and the maximum diffraction efficiency for
the B wavelength at a point HC shown in Figs. 2 to 4.  Therefore, the pitch
d[err] of the 35  diffraction grating at the point HA is set to 1.006 nm,
the pitch d[err] of the diffraction grating at the point HB is set    WO
97/13175                                       PCT/JP96/02837 9 



to 0.848 nm and the pitch d[err] of the diffraction grating at the point HC
is set to 0.733 nm. As shown in Fig. 5, the second holographic optical
element 6 has such a characteristic that the diffraction efficiency of
light of 5 the G wavelength component is high when lights of individual
wavelength components are incident at an incident angle of 40[err], the
diffraction efficiency of light of the R wavelength component is high when
lights of individual wavelength components are incident at an 10  incident
angle of 43  and the diffraction efficiency of light of the B wavelength
component is high when lights of individual wavelength components are
incident at an incident angle of 37[err]. The second holographic optical
element 6 is arranged 15  at an interval of approximately 10 [err]m with
respect to the first holographic optical element 5. The second holographic
optical element 6 has an interval of approximately 1100 [err]m with respect
to the surface of the LC cell 7 to which light is incident. 20       The
operation of this LC projector will now be 



described. In this LC projector, as shown in Fig. 1, the light from the
lamp 1 is reflected by the reflector 2 to become parallel to the optical
axis 3. This parallel light comes 25  perpendicularly incident to the
incident-side polarization plate 4, which selectively passes the light of a
specific polarized light component. The light of the specific polarized
light component selected by the incident-side polarization plate 4 enters
the first holographic optical 30  element 5 at an incident angle of
23[err].  The lights of the R, G and B wavelength components incident to
the first holographic optical element 5 are diffracted at different
diffraction angles by the first holographic optical element 5 and
respectively go out thereof at different outgoing 35 angles, as shown in
Figs. 2 to 4. The lights which have left the first holographic optical
element 5 enter the    WO 97/13175
PCT/JP96/02837 



10 second holographic optical element 6 at the optimal incident angles for
the respective wavelength components. The lights of the individual
wavelength components incident to the second holographic optical element 6
are condensed 5  to the associated pixels of the LC cell 7 corresponding to
the respective colors. The above will be discussed specifically for each of
the R, G and B wavelength components. As shown in Fig. 2, the light of the
G wavelength 10  component incident to the first holographic optical
element 5 at an incident angle of 23[err] is diffracted and goes out of the
first holographic optical element 5 at an outgoing angle of 40[err].  The
light having left the first holographic optical element 5 enters the second
holographic optical 15  element 6 at an incident angle of 40[err]. The
light incident to the point HB of the second holographic optical element 6
leaves the second holographic optical element 6 substantially
perpendicularly and hits the associated pixel for G of the LC cell 7. The
light incident to the point HA 



20  of the second holographic optical element 6 leaves the second
holographic optical element 6 at a predetermined outgoing angle and hits
the associated pixel for G of the LC cell 7. The light incident to the
point HC of the second holographic optical element 6 leaves the second 25
holographic optical element 6 at a predetermined outgoing angle and hits
the associated pixel for G of the LC cell 7. As shown in Fig. 3, the light
of the R wavelength component incident to the first holographic optical
element 5 at an incident angle of 23[err] is diffracted and goes out of 30
the first holographic optical element 5 at an outgoing angle of 43[err].
The light having left the first holographic optical element 5 enters the
second holographic optical element 6 at an incident angle of 43[err].  The
light incident to the point HA of the second holographic optical element 6
35  leaves the second holographic optical element 6 substantially
perpendicularly and hits the associated pixel    
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of the LC cell 7. The light incident to the point HB of the second
holographic optical element 6 leaves the second holographic optical element
6 at a predetermined outgoing angle and hits the associated pixel for R of
the 5 LC cell 7. The light incident to the point HC of the second
holographic optical element 6 leaves the second holographic optical element
6 at a predetermined outgoing angle and hits the associated pixel for R of
the LC cell 7. As shown in Fig. 4, the light of the B wavelength 10
component incident to the first holographic optical element 5 at an
incident angle of 23 is diffracted and goes out of the first holographic
optical element 5 at an outgoing angle of 37[err]. The light having left
the first holographic optical element 5 enters the second holographic
optical 15 element 6 at an incident angle of 37[err]. The light incident to
the point HC of the second holographic optical element 6 leaves the second
holographic optical element 6 substantially perpendicularly and hits the
associated pixel 



for B of the LC cell 7. The light incident to the point HB 20 of the second
holographic optical element 6 leaves the second holographic optical element
6 at a predetermined outgoing angle and hits the associated pixel for B of
the LC cell 7. The light incident to the point HA of the second holographic
optical element 6 leaves the second 25 holographic optical element 6 at a
predetermined outgoing angle and hits the associated pixel for B of the LC
cell 7. According to this LC projector, as described above, the parallel
light emitted from the lamp 1 and reflected by the reflector 2 is
diffracted at different diffraction 30 angles wavelength by wavelength by
the first holographic optical element 5. That is, the outgoing lights of
the individual wavelength components from the first holographic optical
element 5 enter the second holographic optical element 6 at their optimal
incident angles. It is 35 therefore possible to improve the diffraction
efficiency of light of each wavelength component by the second   
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holographic optical element 6.  That is, the second holographic optical
element 6 can efficiently condense lights of the individual wavelength
components onto the associated pixels of the LC cell 7 for corresponding 5
colors.  The lights of the individual wavelength components which have
passed the LC cell 7 and the outgoing-side polarization plate 8 are
projected as an image by the projection lens 9.  As a result, a clear and
bright projected image can be acquired. 10       In the above description,
light paths for only the R wavelength component ([err] = 640 nm), the G
wavelength component ([err] = 550 nm) and the B wavelength component ([err]
= 460 nm) have been discussed. The wavelengths of the lights emitted from
the lamp 1 are not limited to those three. 15      For example, light of a
wavelength component lying between the R and G wavelength components goes
out the first holographic optical element 5 at an outgoing angle of 



40[err] to 43[err].  The outgoing light from the first holographic optical
element 5 is diffracted by the second holographic 20  optical element 6.
The outgoing light from the second holographic optical element 6 enters one
of a pixel for R of the LC cell 7, the black matrix BM and a pixel for G of
the LC cell 7 in accordance with the wavelength.  In other words, light of
a given wavelength band around the R 25  wavelength component enters a
pixel for R of the LC cell 7, and light of a given wavelength band around
the G wavelength component enters a pixel for G of the LC cell 7. Yellow
light, which belongs to neither band, is absorbed by the black matrix BM.
Even though the LC cell 7 30  has no color filters, therefore, the color of
light leaving the LC cell 7 does not become unclear. Although the
above-described LC projector has the first and second holographic optical
elements 5 and 6 arranged side by side, the arrangement is not limited to
35  this particular type but may take a form as shown in Fig. 6 or Fig. 7.
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first modification illustrated in Fig. 6, a transparent plate 10 of glass
or the like is arranged on the light outgoing side of the incident-side
polarization plate 4, inclined at a predetermined angle (23[err]) with 5
respect to the optical axis 3.  The first holographic optical element 5 is
provided on the light-incident surface of this transparent plate 10 and the
second holographic optical element 6 is provided on the light-outgoing
surface of the transparent plate 10. 10       In the second modification
illustrated in Fig. 7, a transparent plate 10 of glass or the like is
arranged on the light outgoing side of the incident-side polarization plate
4, inclined at a predetermined angle (23[err]) with respect to the optical
axis 3.  The first holographic 15  optical element 5 is provided on the
light-outgoing surface of this transparent plate 10 and the second
holographic 



optical element 6 is provided on the light-outgoing surface of the first
holographic optical element 5. The LC projectors according to the first and
second 20  modifications have quite the same functions and advantages of
the LC projector of the first embodiment. Second Embodiment Fig. 8 is a
cross-sectional view illustrating the structure of an LCD projector
according to the second 25 embodiment of this invention. To avoid the
redundant description, like or same reference numerals are given to those
components of this embodiment which are the same as the corresponding
components of the first embodiment. The incident-side polarization plate 4
is provided 30 perpendicular to the optical axis 3 on the light reflecting
side of the reflector 2, which reflects the light from the lamp 1 to be
parallel to the optical axis 3. Arranged on the light outgoing side of the
incident-side polarization plate 4 is a first holographic optical element
15 as an 35 optical element inclined perpendicular to the optical axis 3.
Accordingly, a parallel light of a specific polarized 
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component which has passed the incident-side polarization plate 4
perpendicularly enters the first holographic optical element 15. On the
light outgoing side of the first holographic optical element 15, a second 5
holographic optical element 16 is provided parallel to the first
holographic optical element 15. On the light outgoing side of the second
holographic optical element 16, the LC cell 7, the outgoing-side
polarization plate 8 and the projection lens 9 are arranged perpendicular
to the 10  optical axis 3 in the named order. The first holographic optical
element 15 diffracts light of any wavelength with each diffraction grating.
The diffraction angle of the light diffracted by the first holographic
optical element 15 varies in accordance with 15  the wavelength.  The
diffraction gratings of the first 



holographic optical element 15 are formed at a uniform pitch d (= 0.856
nm). The first holographic optical element 15 causes lights of three
wavelength components of R, G and B to go out at different angles. The
lights of 20  the R, G and B wavelength components enter the second
holographic optical element 6 at their specific incident angles.
Specifically, the light of the R wavelength component ([err] = 640 nm)
comes out of the first holographic optical element 15 at an angle of
48.4[err].  The light of the 25  G wavelength component ([err] = 550 nm)
comes out of the first holographic optical element 15 at an angle of 40 .
The light of the B wavelength component ([err] = 460 nm) comes out of the
first holographic optical element 15 at an angle of 32.5[err]. 30       The
second holographic optical element 16 diffracts light of any wavelength.
The diffraction angle of the light diffracted by the second holographic
optical element 16 varies in accordance with the wavelength. The second
holographic optical element 16 causes the lights incident 35 at their
specific incident angles to enter the respective 



pixels of the LC cell 7 for corresponding colors. The    WO 97/13175
PCT/JP96/02837 15 second holographic optical element 16 has unit
holographic optical elements arranged in association with unit pixels each
consisting of a set of three color (R, G and B) pixels of the LC cell 7.
Those unit holographic optical elements 5 have diffraction gratings formed
in the same way as those of the first embodiment. In the second holographic
optical element 16, the pitch d[err] of the diffraction grating at the
point HA is set to 3.141 nm, the pitch d[err] of the diffraction grating at
the point HB is set to 2.182 nm and the pitch d[err] 10 of the diffraction
grating at the point HC is set to 1.624 nm. According to this LC projector,
as apparent from above, the parallel light emitted from the lamp 1 and
reflected by the reflector 2 is diffracted at different 



15 diffraction angles wavelength by wavelength by the first holographic
optical element 15.  That is, the outgoing lights of the individual
wavelength components from the first holographic optical element 15 enter
the second holographic optical element 16 at their optimal incident 20
angles. It is therefore possible to improve the diffraction efficiency of
light of each wavelength component by the second holographic optical
element 16. That is, the second holographic optical element 16 can
efficiently condense lights of the individual wavelength 25 components onto
the associated pixels of the LC cell 7 for corresponding colors. As a
result, a clear and bright projected image can be acquired. Since light is
perpendicularly incident to the first holographic optical element 15, the
reflection at the first 30 holographic optical element 15 can be minimized
if the incident light is an S polarized light component. As light of a
specific polarized light component perpendicularly enters the first
holographic optical element 15, there is less elliptically polarized light
produced by the 



35 reflection at the back of the first holographic optical element 15. It
is thus possible to effectively and    WO 97/13175
PCT/JP96/02837 16 wastelessly use light incident to the first holographic
optical element 15. Further, the lamp 1, the reflector 2 and the incident-
side polarization plate 4 can be arranged in a linear 5 fashion, so that
this LC projector can be made more compact than the LC projector of the
first embodiment. Although the above-described LC projector has the first
and second holographic optical elements 15 and 16 arranged side by side,
the arrangement is not limited to 10  this particular type but may take a
form as shown in Fig. 9 or Fig. 10. In the first modification illustrated
in Fig. 9, the transparent plate 10 of glass or the like is arranged 



perpendicular to the optical axis 3 on the light outgoing 15  side of the
incident-side polarization plate 4.  The first holographic optical element
15 is provided on the light- incident surface of this transparent plate 10
and the second holographic optical element 16 is provided on the
light-outgoing surface of the first holographic optical 20 element 15. In
the second modification illustrated in Fig. 10, the transparent plate 10 is
arranged perpendicular to the optical axis 3 on the light outgoing side of
the incident- side polarization plate 4. The first holographic optical 25
element 15 is provided on the light-outgoing surface of this transparent
plate 10 and the second holographic optical element 16 is provided on the
light-outgoing surface of the first holographic optical element 15. The LC
projectors according to the first and second 30 modifications have quite
the same functions and advantages of the LC projector of the second
embodiment. In the LC projector according to the second embodiment, light
hits the LC cell 7 obliquely as compared 



with the incident light in the LC projector of the first 35  embodiment.
It is therefore better that the projection lens 9 should be arranged as
shifted from the position of    WO 97/13175
PCT/JP96/02837 17 the LC cell 7. Third Embodiment Fig. 11 is a
cross-sectional view illustrating the structure of an LCD projector
according to the third 5  embodiment of this invention.  To avoid the
redundant description, like or same reference numerals are given to those
components of this embodiment which are the same as the corresponding
components of the first embodiment. The incident-side polarization plate 4
is provided 10  perpendicular to the optical axis 3 on the light reflecting
side of the reflector 2, which reflects the light from the lamp 1 to be
parallel to the optical axis 3. A prism 20 as 



an optical element is arranged on the light outgoing side of the
incident-side polarization plate 4. The prism 20 15 has a light-incident
surface inclined to the optical axis 3 and a light-outgoing surface formed
perpendicular to the optical axis 3.  On the light outgoing side of the
prism 20, a holographic optical element 21 is provided perpendicular to the
optical axis 3.  On the light outgoing 20  side of the holographic optical
element 21, the LC cell 7, the outgoing-side polarization plate 8 and the
projection lens 9 are arranged perpendicular to the optical axis 3 in the
named order. The prism 20 diffracts parallel lights of specific 25
polarized light components passed the incident-side polarization plate 4 at
different angles according to their wavelengths and causes the diffracted
lights to leave. The prism 20 has the light-incident surface inclined to
the light-outgoing surface by approximately 38.2[err], as shown in 30 Figs.
12 through 14. Accordingly, the incident angle of the light to the prism 20
becomes approximately 38.2[err]. The refractive index of the prism 20 is
1.962. The light of 



the R wavelength component ([err] = 640 nm) comes out of the prism 20 at an
angle of about 41.7[err]. The light of the G 35  wavelength component
([err] = 550 nm) comes out of the prism 20 at an angle of about 40[err].
The light of the B wavelength    WO 97/13175
PCT/JP96/02837 18 component ([err] = 460 nm) comes out of the prism 20 at
an angle of about 39[err]. The holographic optical element 21 diffracts
light of any wavelength.  The diffraction angle of the light 5  diffracted
by the holographic optical element 21 varies in accordance with the
wavelength.  The holographic optical element 21 causes. the lights incident
at their specific incident angles to enter the respective pixels of the LC
cell 7 for corresponding colors.  This holographic optical 10  element 21
has unit holographic optical elements arranged in association with unit
pixels each consisting of a set of 



three color (R, G and B) pixels of the LC cell 7.  Those unit holographic
optical elements have diffraction gratings formed in the same way as those
of the first embodiment. 15  In the holographic optical element 21, the
pitch d[err] of the diffraction grating at the point HA is set to 1.006 nm,
the pitch d[err] of the diffraction grating at the point HB is set to 0.848
nm and the pitch d[err] of the diffraction grating at the point HC is set
to 0.733 nm. 20       The holographic optical element 21 is arranged at an
interval of approximately 10 pm with respect to the light- outgoing surface
of the prism 20 and an interval of approximately 1100 [err]m with respect
to the light-incident surface of the LC cell 7. 25       The operation of
this LC projector will be discussed below. In this LC projector, as shown
in Fig. 11, the light from the lamp 1 is reflected by the reflector 2 to
become parallel to the optical axis 3. This parallel light 30
perpendicularly enters the incident-side polarization plate 4, which
selectively passes the light of a specific 



polarized light component.  The light of the specific polarized light
component selected by the incident-side polarization plate 4 enters the
prism 20 at an incident 35  angle of 38.2[err].  The lights of the R, G and
B wavelength components incident to the prism 20 are diffracted at    WO
97/13175                                       PCT/JP96/02837 19 different
diffraction angles by the prism 20 and respectively go out thereof at
different outgoing angles, as shown in Figs. 12 to 14. The lights which
have left the prism 20 enter the holographic optical element 21 at the 5
optimal incident angles for the respective wavelength components. The
lights of the individual wavelength components incident to the holographic
optical element 21 are condensed to the associated pixels of the LC cell 7
for corresponding colors. 10       The above will be discussed specifically
for each of 



the R, G and B wavelength components. As shown in Fig. 12, the light of the
G wavelength component incident to the prism 20 at an incident angle of
38.2[err] is diffracted and goes out of the prism 20 at an 15 outgoing
angle of 40[err]. The light having left the prism 20 enters the holographic
optical element 21 at an incident angle of 40[err]. The light incident to
the point HB of the holographic optical element 21 leaves the holographic
optical element 21 substantially perpendicularly and hits 20 the associated
pixel for G of the LC cell 7. The light incident to the point HA of the
holographic optical element 21 leaves the holographic optical element 21 at
a predetermined outgoing angle and hits the associated pixel for G of the
LC cell 7. The light incident to the point HC 25 of the holographic optical
element 21 leaves the holographic optical element 21 at a predetermined
outgoing angle and hits the associated pixel for G of the LC cell 7. As
shown in Fig. 13, the light of the R wavelength component incident to the
prism 20 at an incident angle of 30  38.2[err] is diffracted and goes out
of the prism 20 at an 



outgoing angle of 41.7[err]. The light having left the prism 20 enters the
holographic optical element 21 at an incident angle of 41.7[err]. The light
incident to the point HA of the holographic optical element 21 leaves the
holographic 35 optical element 21 substantially perpendicularly and hits
the associated pixel for R of the LC cell 7. The light    WO 97/13175
PCT/JP96/02837 20 incident to the point HB of the holographic optical
element 21 leaves the holographic optical element 21 at a predetermined
outgoing angle and hits the associated pixel for R of the LC cell 7.  The
light incident to the point HC 5  of the holographic optical element 21
leaves the holographic optical element 21 at a predetermined outgoing angle
and hits the associated pixel for R of the LC cell 7. As shown in Fig. 14,
the light of the B wavelength component incident to the prism 20 at an
incident angle of 



10  38.2[err] is diffracted and goes out of the prism 20 at an outgoing
angle of 39[err].  The light having left the prism 20 enters the
holographic optical element 21 at an incident angle of 39[err]. The light
incident to the point HC of the holographic optical element 21 leaves the
holographic 15  optical element 21 substantially perpendicularly and hits
the associated pixel for B of the LC cell 7.  The light incident to the
point HB of the holographic optical element 21 leaves the holographic
optical element 21 at a predetermined outgoing angle and hits the
associated pixel 20  for B of the LC cell 7. The light incident to the
point HA of the holographic optical element 21 leaves the holographic
optical element 21 at a predetermined outgoing angle and hits the
associated pixel for B of the LC cell 7. According to this LC projector, as
described above, 25  the parallel light emitted from the lamp 1 and
reflected by the reflector 2 is diffracted at different diffraction angles
wavelength by wavelength by the first holographic optical element 5.  That
is, the outgoing lights of the individual wavelength components from the
prism 20 enter 



30 the holographic optical element 21 at their optimal incident angles.  It
is therefore possible to improve the diffraction efficiency of light of
each wavelength component by the holographic optical element 21 so that
lights of the individual wavelengths can efficiently be 35  diffracted by
the holographic optical element 21 to be efficiently condensed on the
associated pixels of the LC    WO 97/13175
PCT/JP96/02837 21 cell 7 for corresponding colors. Accordingly, a clear and
bright projected image can be acquired. Fourth Embodiment Fig. 15 is a
cross-sectional view illustrating the 5 structure of an LCD projector
according to the fourth embodiment of this invention. To avoid the
redundant description, like or same reference numerals are given to those
components of this embodiment which are the same as 



the corresponding components of the third embodiment. 10       The
incident-side polarization plate 4 is provided perpendicular to the optical
axis 3 on the light reflecting side of the reflector 2, which reflects the
light from the lamp 1 to be parallel to the optical axis 3. A prism lens 25
as an optical element is arranged perpendicular to the 15 optical axis 3 on
the light outgoing side of the incident- side polarization plate 4. A
holographic optical element 26 is provided perpendicular to the optical
axis 3 on the light outgoing side of the prism lens 25.  On the light
outgoing side of the holographic optical element 26, the LC 20 cell 7, the
outgoing-side polarization plate 8 and the projection lens 9 are arranged
perpendicular to the optical axis 3 in the named order. The prism lens 25
diffracts parallel lights of specific polarized light components passed the
incident- 25 side polarization plate 4 at different angles according to
their wavelengths and causes the diffracted lights to leave. The
light-incident surface of the prism lens 25 is a sawtooth-shaped lens
surface. The light-outgoing surface 



of the prism lens 25 is a plane perpendicular to the 30 optical axis 3. The
prism lens 25 has microprism lenses 25a corresponding to unit pixels each
consisting of three color (R, G and B) pixels of the LC cell 7. In this
case, each microprism lens 25a has a light-incident lens surface inclined
at an angle of 38.2[err] with respect to the light- 35 outgoing plane. The
refractive index of each microprism lens 25a is 1.926. The light of the R
wavelength component    WO 97/13175
PCT/JP96/02837 22 ([err] = 640 nm) comes out of the prism lens 25 at an
angle of 41.7[err].  The light of the G wavelength component ([err] = 550
nm) comes out of the prism lens 25 at an angle of 40[err]. The light of the
B wavelength component ([err] = 460 nm) comes out 5 of the prism lens 25 at
an angle of 39[err]. The holographic optical element 26 is the same as the
one in the third embodiment, and condenses the light of the 



R wavelength component, the light of the G wavelength component and the
light of the B wavelength component onto 10  the associated pixels.
According to this LC projector, as described above, the parallel light
emitted from the lamp 1 and reflected by the reflector 2 is diffracted at
different diffraction angles wavelength by wavelength by the prism lens 25.
That 15  is, the outgoing lights of the individual wavelength components
from the prism lens 25 enter the holographic optical element 26 at their
optimal incident angles.  It is therefore possible to improve the
diffraction efficiency of light of each wavelength component by the
holographic 20 optical element 26 and efficiently diffract the lights of
the individual wavelengths by means of the holographic optical element 26
to be efficiently condensed onto the associated pixels of the LC cell 7 for
corresponding colors. This can provide a clear and bright projected 25
image. The microprism lenses 25a which constitute the prism lens 25 in the
fourth embodiment are associated with unit 



pixels each consisting of three color (R, G and B) pixels of the LC cell 7.
The microprism lenses 25a may however be 30  associated with the respective
pixels of the LC cell 7. Fifth Embodiment Fig. 16 is a cross-sectional view
illustrating the structure of an LCD projector according to the fifth
embodiment of this invention. 35       To avoid the redundant description,
like or same reference numerals are given to those components of this    WO
97/13175                                       PCT/JP96/02837 23 embodiment
which are the same as the corresponding components of the first embodiment.
In this LC projector, the lamp 1 is located at the focus point of the
reflector 2 which has a parabolic 5 surface. The reflector 2 reflects light
generated from the lamp 1 to produce light parallel to the optical axis 3.
A 



holographic optical element 51 is arranged on the light reflecting side of
the reflector 2 and is inclined at a predetermined angle to the optical
axis 3. On the light 10 outgoing side of the holographic optical element
51, the incident-side polarization plate 4 which selectively passes a
specific polarized light component is arranged parallel to the holographic
optical element 51. A flat-shaped condenser lens 50 is arranged parallel to
the incident-side 15 polarization plate 4 on the light outgoing side of
this polarization plate 4. The LC cell 7 is provided parallel to the
condenser lens 50 on the light outgoing side of the condenser lens 50. On
the light outgoing side of the LC cell 7, the outgoing-side polarization
plate 8, which 20 selectively passes a specific polarized light component
among the lights passed the LC cell 7, is arranged parallel to the LC cell
7. The projection lens 9 for projecting an image of light which has passed
the outgoing-side polarization plate 8 is located on the light going side
of 25 the outgoing-side polarization plate 8. The LC cell 7 has a liquid
crystal sealed between a 



pair of transparent substrates on which electrodes are formed in a dot
matrix form and multiple pixels are arranged in a dot matrix form. A black
matrix BM for 30 preventing light leakage is provided between the pixels on
the substrate to which light is incident. As shown in Fig. 18, the LC cell
7 has unit pixels cyclically arranged, each of which consists of a set of
three color (R, G, and B) pixels. The individual pixels of R, G and B are
arranged 35  in the order of B, G and R along the light splitting direction
of the holographic optical element 51 (from left    WO 97/13175
PCT/JP96/02837 24 to right in Fig. 18) which will be discussed later. This
LC cell 7 is provided with color filters for R, G and B. The LC cell 7 may
not however be provided with color filters. 5       The holographic optical
element 51 diffracts light of 



any wavelength with each diffraction grating. The diffraction angle of the
light diffracted by the holographic optical element 51 varies in accordance
with the wavelength.  As shown in Fig. 17, parallel light 10  emitted from
the lamp 1 and reflected by the reflector 2 enters the holographic optical
element 51 at a predetermined incident angle.  The holographic optical
element 51 splits the incident light to parallel lights for individual
wavelength bands. That is, the diffraction 15  gratings of the holographic
optical element 51 are formed at a uniform pitch. The holographic optical
element 51 diffracts the light of the G wavelength band toward
substantially the direction of the normal line and causes the light to
leave accordingly. The holographic optical 20  element 51 diffracts the
light of the R wavelength band at a greater diffraction angle than that of
the light of the G wavelength band and causes the light to leave
accordingly. The holographic optical element 51 diffracts the light of the
B wavelength band at a smaller diffraction angle than 25  that of the light
of the G wavelength band and causes the 



light to leave accordingly. In Fig. 18, the light splitting direction
(resolution direction) of the holographic optical element 51 is set in the
left-to-right direction. 30       The condenser lens 50 condenses the
parallel lights of individual wavelengths, split by the holographic optical
element 51, on the associated pixels of the LC cell 7 for corresponding
colors. The condenser lens 50 has microlenses 50a cyclically arranged which
are associated 35  with unit pixels each consisting of three color (R, G
and B) pixels of the LC cell 7.  As shown in Fig. 18, each    WO 97/13175
PCT/JP96/02837 25 microlens 50a is formed in a hexagonal shape, which has a
pixel for G of the LC cell 7 at the center and connects the centers of six
adjoining pixels for R and B around the center pixel. As shown in Fig. 17,
the microlenses 50a are 



5 convex lenses with the convex surfaces facing the holographic optical
element 51. The microlenses 50a condenses parallel incident lights of
individual wavelength bands onto the associated pixels of the LC cell 7 for
corresponding colors in accordance with the wavelengths 10 (incident
angles) of the lights. Specifically, the light of the G wavelength band is
condensed on the associated pixel for G of the LC cell 7, the light of the
R wavelength band is condensed on the associated pixel for R of the LC cell
7, and the light of the B wavelength band is condensed 15 on the associated
pixel for B of the LC cell 7. The operation of this LC projector will now
be discussed. As shown in Fig. 16, light from the lamp 1 is reflected by
the reflector 2 to be parallel to the optical 20 axis 3. This parallel
light enters the holographic optical element 51 at a predetermined incident
angle. The parallel light incident to the holographic optical element 51 is
diffracted at different diffraction angles for the R, G and B wavelength
bands by the holographic optical element 51 



25 and the diffracted lights leave the holographic optical element 51 as
parallel lights for the respective wavelength bands, as shown in Fig. 17.
Specifically, the light of the G wavelength band is diffracted
substantially in the direction of the normal line of the holographic
optical 30 element 51 and leaves the holographic optical element 51
accordingly. The light of the R wavelength band is diffracted at a greater
diffraction angle than that of the light of the G wavelength band and
leaves the holographic optical element 51 at a predetermined angle in the
35 direction of the normal line of the holographic optical element 51. The
light of the B wavelength band is    WO 97/13175
PCT/JP96/02837 26 diffracted at a smaller diffraction angle than that of
the light of the G wavelength band and leaves the holographic optical
element 51 at a predetermined angle in the opposite 



direction to the outgoing direction of the light of the R 5 wavelength band
with respect to the normal line of the holographic optical element 51. The
outgoing light from the holographic optical element 51 enters the
incident-side polarization plate 4, which selectively passes specific
polarized light 10 components. The lights passed the incident-side
polarization plate 4 enter the respective microlenses 50a of the condenser
lens 50 at incident angles which differ wavelength by wavelength.  The
lights incident to the microlenses 50a at the different incident angles are
15  condensed on the associated pixels of the LC cell 7 for corresponding
colors by the microlenses 50a as shown in Fig. 17. Specifically, the light
of the G wavelength band which has substantially perpendicularly entered
the associated microlens 50a is condensed on the associated 20 pixel for G
of the LC cell 7. The light of the R wavelength band which has entered the
associated microlens 50a at a predetermined angle is condensed on the
associated pixel for R of the LC cell 7. The light of the B 



wavelength band which has entered the associated microlens 25 50a at a
predetermined angle in the opposite direction to the direction of the light
of the R wavelength band is condensed on the associated pixel for B of the
LC cell 7. Specific polarized light components of the light passed through
the LC cell 7 are selectively passed by the 30 outgoing-side polarization
plate 8. The lights passed this outgoing-side polarization plate 8 are
projected as an image by the projection lens 9. According to this LC
projector, as described above, parallel light emitted from the lamp 1 and
reflected by the 35 reflector 2 is diffracted at different diffraction
angles for the respective R, G and B wavelength bands by the    WO 97/13175
PCT/JP96/02837 27 holographic optical element 51. Parallel lights with
different incident angles for the respective R, G and B 



wavelength bands leave the holographic optical element 51. It is therefore
possible to split the light from the lamp 1 5 to light components of
individual wavelength bands with fewer parts. This feature simplifies the
structure of the LC projector. Further, the microlenses 50a of the
condenser lens 50 condense the respective lights, split by the holographic
10  optical element 51, on the associated pixels of the LC cell 7 in
accordance with the wavelength bands. This prevents lights of complementary
color components from being absorbed by color filters or prevents the light
from the lamp 1 from being shielded by the black matrix BM. This LC 15
projector can therefore prevent light loss.  It is thus possible to improve
the efficiency of using the light from the lamp 1 and acquire a bright
color image and a bright projected image. Modifications 20       The
holographic optical elements 5, 15 and 51 used in the first, second and
fifth embodiments diffract light of any wavelength band with each
diffraction grating so that 



light is diffracted at different diffraction angles wavelength by
wavelength. That is, although each of the 25  holographic optical elements
used in the first, second and fifth embodiments has a single element
structure, the structures of those holographic optical elements are not
limited to this type. For instance, a three-layer structure in which three
types of holographic optical 30  elements capable of selectively passing
lights of the respective R, G and B wavelengths may be used. The
holographic optical elements in the first, second and fifth embodiments and
the prisms in the second and fourth embodiments are used as means for
splitting parallel 35 light from the lamp. According to this invention,
however, any optical means which splits incident light wavelength by    WO
97/13175                                       PCT/JP96/02837 28 wavelength
and emits the split light components wavelength 



by wavelength may be used in placed of the holographic optical elements and
prisms. The incident-side polarization plate is arranged on 5 the light
incident side of the optical means (the holographic optical elements 5 and
15 and the prisms 20 and 25) in the first to fourth embodiments, whereas
the incident-side polarization plate is arranged on the light outgoing side
of the optical means in the fifth embodiment. 10 The incident-side
polarization plate may however be arranged on either side. The holographic
optical elements in the first to fourth embodiments and the microlenses in
the fifth embodiment are used as means for condensing lights incident 15
at different angles for the respective wavelength bands onto predetermined
and associated pixels. According to this invention, however, any optical
means which condenses lights incident at different angles for the
respective wavelength bands on predetermined and associated pixels may 20
be used instead of the mentioned holographic optical elements and
microlenses. 



Although each microlens has a hexagonal shape in the fifth embodiment, the
structure of the microlens is not limited to this type. For example, as
shown in Fig. 19, 25  each of unit pixels may have three pixels for R, G
and B arranged linearly and each microlens 50b may be formed in a
rectangular shape in association with this unit pixel.  The condenser lens
is formed by cyclically arranging those microlenses 50b. 30       Although
the foregoing description of the first to fifth embodiments has been given
of the case where this invention is adapted to an LC projector, this
invention is not limited to this particular application. This invention may
be adapted to a variety of LCD apparatuses which allow 35  an observer to
directly view an image displayed on the LC cell 7.    WO 97/13175
PCT/JP96/02837 29 



The LCD apparatuses according to the first to fifth embodiments are to be
considered as some of adaptable forms of this invention. This invention can
be adapted to any LCD apparatus which uses combined two optical means. How
5 to combine those two optical means and the characteristics of those two
optical means may be selected to provide the desired results through
experiments.    CLAIMS 1.   A liquid crystal display apparatus comprising:
a light source (1, 2) for supplying a substantially parallel light flux; a
liquid crystal device (7) having multiple pixels; a first holographic
optical element (5, 15) arranged to split said substantially parallel light
flux from said light source (1, 2) into a plurality of light fluxes of
difference wavelength bands, the split light flux of each wavelength band
being parallel, and emitting said split light fluxes in 



different directions respectively; and a second holographic optical element
(6, 16) arranged to guide said plurality of light fluxes in wavelength
bands emitted from said first holographic optical element (5, 15) to
predetermined pixels of said liquid crystal device (7) wavelength band by
wavelength band. 2.   The liquid crystal display apparatus according to
claim 1, wherein each of incident angles of said plurality of light fluxes
of different wavelength bands incident to said second holographic optical
element (6, 16) falls within a predetermined range including an incident
angle which maximises a diffraction efficiency of said second holographic
optical element (6, 16) for each of said wavelength bands of said light
fluxes.    31 3.   The liquid crystal display apparatus according to claim
1, wherein light from said light source (1, 2) obliquely 



hits said first holographic optical element (5). 4.   The liquid crystal
display apparatus according to claim 3, further comprising a polarisation
plate (4) provided between said light source (1, 2) and said liquid crystal
device (7), whereby a light flux from said light source (1, 2)
perpendicularly enters said polarisation plate (4). 5.   The liquid crystal
display apparatus according to claim 1, wherein said first holographic
optical element (5, 15) and said second holographic optical element (6, 16)
are respectively provided on both sides of a transparent plate (10). 6.
The liquid crystal display apparatus according to claim 1, wherein said
first holographic optical element (5, 15) and said second holographic
optical element (6, 16) are stacked on one side of a transparent plate
(10). 7.   The liquid crystal display apparatus according to claim 1,
wherein a diffraction angle when light from said light source (1, 2) is
diffracted by said first holographic optical element (5, 15) becomes larger
as a wavelength of said light becomes longer. 



This is the replacement sheet    32 8.   A liquid crystal display apparatus
comprising: a light source (1, 2) for supplying a substantially parallel
light flux; a liquid crystal device (7) having multiple pixels; prism (20,
25) means for emitting said substantially parallel light flux from said
light source (1, 2) as a light flux having a plurality of light fluxes each
having a direction corresponding to its own wavelength band; and a
holographic optical element (21, 26) for guiding the plurality of light
fluxes having the directions corresponding to the wavelength bands emitted
from said prism means (20, 25) to predetermined pixels of said liquid
crystal device (7) respectively. 9.   The liquid crystal display apparatus
according to claim 8, wherein said prism means (25) is an assembly of a 



plurality of microprisms (25a). 10. The liquid crystal display apparatus
according to claim 8, wherein each of incident angles of said plurality of
light fluxes of different wavelength bands incident to said holographic
optical element (21, 26) from said prism means (20, 25) falls within a
predetermined range including an incident angle which maximises a
diffraction efficiency of said holographic optical element (21, 26) for
each of said wavelength bands of said light fluxes.    33 11. A liquid
crystal display apparatus comprising: a light source (1, 2) for supplying a
substantially parallel light flux; a liquid crystal device (7) having
multiple pixels; a first holographic optical element (5, 15) for splitting
said substantially parallel light flux from said light source (1, 2) into a
plurality light of fluxes of different 



wavelength bands, the split light flux of each wavelength band being
parallel and emitting said split light fluxes in different directions
respectively; a second holographic optical element (6, 16) for guiding said
plurality of light fluxes different in wavelength bands from said first
holographic optical element (5, 15) to predetermined pixels of said liquid
crystal device (7) wavelength band by wavelength band; and a transparent
plate, on both sides of which the first holographic optical element (5, 15)
and the second holographic optical element (5, 15) are arranged. 12. A
liquid crystal display apparatus comprising: a light source (1, 2) for
supplying a substantially parallel light flux; a liquid crystal device (7)
having multiple pixels; a first holographic optical element (5, 15) for
splitting said substantial parallel light flux from said light source (1,
2) into a plurality of light fluxes of different wavelength bands, the
split light flux of each wavelength  



34 band being parallel and emitting said split light fluxes in different
directions respectively; a second holographic optical element (6, 16) for
guiding said plurality of light fluxes different in wavelength bands from
said first holographic optical element (5, 15) to predetermined pixels of
said liquid crystal device (7) wavelength band by wavelength band; and a
transparent plate, on a side of which the first holographic optical element
(5, 15) and the second holographic optical element (5, 15) are arranged.




