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R1 PT1 ONLIQJD CRYSTAL DISPLAY APPARATUS Techni cal Field The present
| nvention ol at-8e—to—a— i -GlHebhebiuyi-al—b——di-Splay—appar at-us—ands—nor e
particularly, to a color liquid crystal display apparatus which uses

opti cal neans such as hol ographic optical element. Background Art There is
a known liquid %§tal display (LCD) 10 apparatus which irradiates |ight
froma backwq’dﬂ? ource on aliquid crystal (LC) cell top‘a'f"?ﬁf’ﬁ’f”a col or
i mage. This LCD apparatus uses red (R), green (G and blue (B) color
filters corresponding to the pixels of the LC cell. This LCD apparatus

di splays a color image as the light from15 the back |light source is
colored at the tinme of passing through the color filters. Wen the |ight
fromthe back |ight source passes through the color filters in this LCD

appar at us, however, DESCRIPTION

LIQUID CRYSTAL DISPLAY APPARATUS
| Technical Field
The present invention relates to a2 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'nrt

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 oolor display. : -

In view of the above situation, an LCD apparatus has
recently been developed which improves the light use

25 efficiency by using a hologfaphic'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'bf 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

¢



the color filters absorb |ights: of conplenentary color 20 conponents. The
LCD apparatus therefore has a poor :efficiency of using light fromthe back
| i ght source and suffers dark color disptay. tnview of the above
situation, an LCD apparat.us has recently been. devel oped whi ch i nproves the
| i ght use wborgfi#g Cci ency by using a hol ographic optical p&gRsRghssy This LCD
appar atus has a hol ographi ¢ optical elenent provided between the |ight
source and the LC cell. This hol ographic optical elenment splits parall el
light fromthe back |light source to Iiggt conpaonents of R G and B

wavel engths. The 30 split lights are ndensed on the pixels of the LC
cell of the associated colors. Accordingly, the lights of the individual
wavel engt hs enter the respective pixels of the LC cell wastel essly. Each of

mul tiple difihacddnd & A icedtalh bhG1eor HAC2EEABY! Ciiiderit aﬂPEHEDt of
this LOP aPPaLALLSedlId 'Y dulkdBint afibra2liof aigVe] A 120008
wavelengths of light, light of each wavelength enters the
associated pixel of the LC cell.
5 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
10 but varies wavelength by wavelengthQ 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 color characteristic with balanced R, G and
15 B colors.
Disclosure of Invention Eoe
Accordingly, it is an object of the present inveition
to provide an LCD apparatus which can acquire a good color
characteristic with balanced R, G and B colors.

20 To achieve the above object,'an LCD apparatus
according to one aspect of this invention comprises:

a light source (1, 2) for supplying a substantially
parallel light filux;
an LC device (7) having multiple pixels;

25 -a first holographic optical element (5, 15) for
splitting the substantially parallel light flux from the
light source (1, 2) into a plurality of light fluxes of
different wavelength bands and emitting the split light
fluxes in different directions respectively; and

30 a second holographic optical element (6, 16) for
guiding the plurality of light fluxes of different
wavelength bands emitted from the first holographic optical
element (5, 15) to predetermined pixels of the LC device
(7) wavelength band by wavelength band. ' '

35 A plurality of light fluxes of different wavelength
bands, split by the first holographic optical element; hit
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2 incident at a certain angle of incidence (|nC|dent angle). Since there
are different diffraction angles for different wave |l engths of light, |ight
of —each—warvelenrgt-h—eht-ers—t-he—asseeated—pxet—of—the—+C-cel | - The
diffraction angle and diffraction efficiency of this hol ographic opti cal

. elenent for |light of each wavel ength are determ ned by the incident angle

- of light to t he holographlc optical element. Therefore, the |ntenS|ty of
| i ght inci deMO Y435 ch pi xel " of the LC cell is not fixed bEET

| wavel ength by wavel ength. A generally used holographlc optical el ement has

j the highest diffraction efficiency for the G wavel engt h conponent anong the

' R, G and B wavel ength conmponents. It is t®erefore-difficult to acquire a
good col our characteristics with balanced R, G and B col ours. Disclosure of
| nventi on Accordingly, it is an object of the present invention to provide

- an LOD appar at ug, el 6o, AGHHIA o of09de f Uiliient at aitterent

incident angleg,. Therefore, .the second holographic optical
element can make the intensitiesfof.light:components
incident to the respective pixels of the LC cell

5 substantially the same for any wavelength band.

_ Accordingly, this LCD apparatus: can acquire an
excellent color. characteristic with- balanced R, G and B
colors. ' :

An LCD apparatus according to another aspect of this
10 invention compriaes- L
a light source (1, 2) for supplying a substantially
parallel light. flux, . oo o e
an LC device (7) having. multiple pixels,
a prism (20, 25) for splitting the substantially
15 parallel light flux from the light source (1, 2) into a
plurality of_light fluxes of different wavelength bands and
emitting the split light fluxes in different directions
respectively; and . o -
a holographic optical element (21 26) for guiding the
20 plurality of light fluxes of different wavelength bands
emitted from.thenprism-(zo, 25) to predetermined pixels of
the LC device (7) uavelength band by wavelength band.
A plurality of light fluxes of different wavelength
bands, split bx_the:prism, hit the holographic optical
25 element at different incident angles. Therefore, the
holographic optical element can make the intensities of
light components.ipcident to the respective pixels of the
_ LC cell substantially the same for any wavelength band.
| Accordipgly,wthis LCD apparatus can acquire an
i C{s) excellent.oolorﬁcharacteristio with-balanoed R, G and B
colors.
An LCD apparatus according to a further aspect of this
invention comprises.
a light source (1, 2) for supplying a substantially
35 parallel light flux,
an LC device (7) having multiple pixels,
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characteristic wth balanced R, G.and B colours. To achi eve the above
“object, an LCD apparatus according to one aspect of this invention there is
provided a liquid crystal di-splay apparatus conprising: a light source (1,
..2) for supplying a substantially parallel Iight flux; a liquid crystal

“devi ce (7)g@§¥%aggnultlple pi-xel's; a first hol ographi ¢ ORcebeRbeMENt (5,

15) arrang lit said substantially parallel light flux fromsaid
light source (1, 2) into a plurality of light fluxes of difference 3
wavel engt h bands the split light flux of each wavel ength band being
parallel, and emtting said split light 4f|uxes in different directions
respectively; and a second hol ographic optical elenment (6, 16) arranged to
guide said plurality of light fluxes in wavel ength bands emtted fromsaid

first hol ographic ppld168raphéd®iptical tlkment (51) for splitting the
substantially parallel light flux from the light source (1,
2) into a plurality of light fluxes of different wavelength
bands and emitting the split light fluxes in different

5 directions respectivaely; and

_ a lens (50) for guiding the plurality of light fluxes
of different wavelength bands emitted from the holographic
optical element (51) to predetermined pixels of the LC
device (7) wavelength band by wavelength band.

10 A plurality of light fluxes of different wavelength
bands, split by the holographic optical element, enters the
lens at different incident angles. Therefore, the lens can
make the intensities of light components incident to the
respective pixels of the LC cell substantially the same for

15 any wavelength band.

Accordingly, this LCD apparatus can acguire an
excellent color characteristic with balanced R, G and ‘B
colors.

iIn other words, an LCD apparatus according to this

20 invention comprises:

a light source (1, 2) for supplying a substantially .
parallel light flux;

an LC device (7) having multiple pixels;

first optical means (5, 15; 20, 25; 51) for splitting

25 the substantially parallel light flux from the light source
(1, 2) into a plurality of light fluxes of different
wavelength bands and emitting the split light fluxes in
different directions respectively:; and

second optical means (6, 16; 21, 26; 50) for guiding

30 the plurality of light fluxes of different wavelength bands
emitted from the first optical means (5, 15; 20, 25; 51) to
predetermined pixels of the LC device (7) wavelength band
by wavelength band.

Brief Description of Drawings
35 Fig. 1 is a cross-sectional view illustrating the

structure of an LC projector according to the first
- " _
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to predeterm ned pixels of said liquid crystal device (7) wavel ength band
by wavel-ength band. A pIurallty of light fluxes of different wavel ength

. =\ hit the seeond
holographlc optlcal elenent at dlfferent |nC|dent angles Therefore, the
second hol ographic optical elenent can nake the intensities of |ight
conponent s |nC|dent to the respective pixels of the LC ce tially
t he sane for‘gﬁy hévelength band. Accordingly, this LCD ab% ﬁ%@@@gﬁ
acquire an excellent colour characteristic with balanced R, G and B
colours. An LCD apparatus according to another aspect of this invention
conprises a liquid crystal display appar®atus conprising: a light source (1,
2) for supplying a substantially parallel light flux; a liquid crystal
device (7) having nultiple pixels; prism(20, 25) neans for enmitting said

substantial ly eq,ﬁ,roglilngktléghéhﬂ gﬁvgﬁg&g,al d I [ ght source (1, 2) as a light
. 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 compconent 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 mcdification 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 ILC 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 ig 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
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flux having a plurality of light fluxes each having a direction
Torresponding to its own wavel ength band; and 4 a hol ographi c opti cal
el enent (21, 26) for guiding the plurality of Ilight fluxes having the
directions corresponding to the wavel ength bands emtted fromsaid prism

heans (20, 9h 7gredetern1ned pi xel s of said liquid crysicalipstresse (7)
respectively. i 81 rality of light fluxes of different wavel ength bands,

split by the prismneans, hit the hol ographic optical el enent at di f f er ent

i ncident angles. Therefore, the holograpglc optical elenment can meke the
intensities of |ight conponents incident~“to the respective pixels of the LC
cell substantially the sane for any wavel ength band. Accordingly, this LCD

apparatus can acquire an excellent colour characteristic with balanced R G
and B colours.gig, 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 diegram 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 generatés 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-
bptical 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 & predetermined angle.

  ;According1y, a parallel light of a specific polarized light
component which has passed the incident-side polarization

35 “plate 4 enters the first holographic optical element 5 at a
predetermined incident angle. On the light outgoing side
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An LCD apparatus according to a further aspect of this invention conprises
a liquid crystal display apparatus conpr|5|ng a light source (1, 2) for

| qui d_crystal device (7)
having nultiple pixels; a first holographic optical elenent (5, 15) for
splitting said substantially parallel light flux fromsaid |ight source (1,
2) into plurality light of fluxes of different wavel ength bands, the split
i ght fluxY3%83P8 wavel ength band being parallel and enPETIR9§02837 d split
light fluxes in different directions respectively; a second hol ographic
optical elenment (6, 16) for guiding said ggurality of light fluxes
different in wavel ength bands 4a frcwﬁ id first holographic optical
el enent (5, 15) to predeterm ned pixels of said liquid crystal device (7)

’

‘of the first holographic optical element 5, a second
holographic optical element 6 is proﬁided'paréllel to the
first holographic optical element 5. On the light outgoing
side of the second holographic optical ‘element 6, an LC

5 cell 7 is provided parallel to the second holographic
optical element §. On the light outgoing side of the LC

10

20

25

30
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wavel engt h band by wavel ength bandf'and'a_transparent pl ate, on both sides
of which the first hol ographic optical elenent (5, 15) and the second
hol ographi c optical elenment (55, 15) are arranged. An LCD appar at us

according to a stiII further aspect of this invention conprises a liquid
crystal di sphgy F@ratus conprising: a light source (1, th§%@% GeRsY Ying a
substantlally para el light flux; a liquid crystal device ( avi ng

mul tiple pixels; a first holographic optical element (5, 15) for splitting
said substantial parallel light flux fromsaid |light source (1, 2) into a
plurality of light fluxes different in wavel ength bands and parallel to
each other, and emtting said split light fluxes in different directions
respectively; a second hol ographic optical elenent (6, 16) for guiding said

plurality of |iggifs U@%dih}iﬂéeﬂénlﬂéw%' ¢RELRi RS TdedMegai d first

hol 01 aphi ¢ 0bth gal ] bl BordRlab i FISEHY DR dilsaa’h 3phiHLG ¢

polarized 1ight component is provided parallel to the LC
cell 7. A projection lens 9 for projecting an image of

5 1light 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 1lights of three wavelength components of R, G and B
(hereafter called as "light of the R wavelength component, "



wavel engt h band by wavel ength band; and a transparent plate, on a side of
whi ch the first hol ographic optical elenent (5, 15) and the second
; ' .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 enbodi ment of this invention; Fig. 2 is a di agram show ng
a light pa‘f’ﬂ’?’&’ 73 |i ght of a green (G wavel ength conpFEITAPIGFHIF he |C

projector in Fig. 1;

- "light of the G wavelength-component“.pnd *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°. -The first
holegraphic optical element 5 diffracts the lights incident
at an incident angle of 23° to emit the resultant lights at
angles different wavelength by wavelength. The light of
the R wavelength component () = 640 nm) comes out of the

10 first holographic optical element 5 at an angle of 43°.
The light of the G wavelength component - (A =-550 nm) comes
out of the first holographic optical. element ‘5 at an angle
of 40°. . The light of the B wavelength component (A = 460
nm) comes out of theLfirst holographic.optical element 5 at
15 an angle of 37°.

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 wevelength.-.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 eolors.- As shown in Figs.

25 2 to. 4, the second holographic optical element 6 has unit
holographic optical elements arranged in association with
unit pizels 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, of the.

35 diffraction grating at the point HA is set to. 1.006 nm, the
pitch 4, of the diffraction grating at the point HB is set



5 Fig. 3 is a diagramshowing a light path for a light of a red (R)
wavel ength conponent in the LC projector in Fig. 1; Fig. 4 is a diagram
showing a light path for a light of a blue (B) wavel ength conponent in the
LC projector in 10 Fig. 1; Fig. 5 is a graph depicting the diffraction

efficiency of a second holographlc optical elenent. of the tor in
Fig. 1; Fi gW®33175 dj agram showing a first nodification (gJqug ﬁg
proj ector according to the first enbodi ment of this invention; Fig. 7 is a

di agram showi ng a second nodification of the LC projector according to the
- first enbodinment of this invention; 20 Fig. 8 is a cross-sectional

view illustrating the structure of an LC projector according to the second
enbodi ment of this invention; Fig. 9 is a diagramshowing a first

modi fication of thesdd" i FnBCERE FEEH U, NGt Léhd R r2aeIoR Gk TRN @Ol this
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', 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°.

The second holographic optical element 6 is arranged

15 at an interval of approximately 10 um with respect to the
first holographic optical element 5. The second
holographic optical element 6 has an interval of
approximately 1100 um 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 IC 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°. The lightsIOf the
R, G and B wavelength components incident to the first '
holographic optical element 5 are diffracted at different
diffraction angles by the first holbgraphic 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



25 invention; Fig. 10 is a diagramshow ng a second nodi fication of the LC
projector according to the second enbodi ment of this invention; Fig. 11 is

a cross-sectional viewillustrating the 30 _structure of an LC projector
according to the third enbodi nent of this invention; Fig. 12 is a diagram
showing a light path for a light of a green (G wavel ength conponent in the

LC projector in Fig. 11; 35 " Fig. 13 is a diagram showing a Ilght pat h
for a |i ghWOX#{75ed (R) wavel ength conponent in the LC 2837 WD
97/ 13175 PCT/ JP96/ 02837 6 Flg. 11;

Fig. 14 is a diagramshowing a light path for a Ilight of a blue (B)
wavel engt h conponent in the LC project@p in

second holographic optical element 6 at the optimal
incident angles for the respective wavelength components.
The lights of the individual wevelength 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. T
' 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°' is diffracted and goes out of
the first holographic optical element 5 at an outgoing
angle of 40°. The light having left the first holographic
optical element 5 enters the second holographic optical
15 element 6 st an incident angle of 40°. 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 & 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 hologrephic.optiea; 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° is diffracted and goes out of
30 the first holographic optical element 5 at an outgoing
angle of 43°. The'light havihg left the first holographic
optical element 5 enters the secend holographic optical
element 6 at an incident angle of 43°. The light incident
to the point HA of the eecpnd holographic cptical element 6
35 leaves the second holographic optical element 6
substantially perpendicularly and hits the associated pixel



Fig. 11; 5 Fig. 15 is a cross-sectional viewillustrating the
structure of an LC projector according to the fourth enbodi nent of this
invention; and Fig. 16 is a-cross-sectional -view illustrating the structure
of an LC projector according to the fifth 10 enbodi nent of this invention.
Fig. 17 is aw$ showing a light path froma lanp to pi gn LC
cell of Fig. éﬁgé?gT 18 is a diagram show ng shapes of n1g§%%§ﬁses
associated with unit’ pixels. 15 Fig. 19 is a’diagram showi ng ot her
shapes of mcrol enses associated with unit pixels. Best Mdes for Carrying
Qut the Invention First Enbodiment Fig. RLillustrates the structure of an

LCD projector 20 according to the first enbodi nent of this invention. In
this LC projector, a lanp 1 which generates white light is located at the

focus point of f.%zf % beCtAs Ec'AniNg.2 BALAPOINE 1HE1bRARE tdehd ISR Wb 2

reflects the Ii
o 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 outﬁof
the first holographic optical element 5 at an outgoing
angle of 37'. The light having left the first holographic
. optical element 5 enters the second holographic optical
15 element 6 at an incident angle of 37°. The light incident
to the point HC of the second holographic optical element 6
leaves the second holographic optical element 6 o
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 cutgoing lights of the i
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



fromthe lanp 1 to be parallel to an optical axis 3. A 25 polarization

plate 4 which passes light of a specific polarized Iight conponent is

(a]8 avided nprnpnrll cular to_the nntl o =1 BRT- LA I S I~ V- W 1 o V=Y I gh.t___;_e.f_l_ee_H ng si de

of the reflector 2. (This polarlzatlon plate 4 will hereinafter be called
“incident-side polarization plate.") Arranged on 30 the |ight outgoing side

of the incjdent-side polarization plate 4 is a first holo raphi ¢ opti cal
elenment 5 WOMMHEY to the optical axis 3 by a predetern1?égpﬂﬂﬂﬂq§
Accordingly, a parallel light of a specific polarized |ight conponent which
has passed the incident-side polarization 35 plate 4 centers the first

hol ographi c optical elenent 5 at a preggterm ned incident angle. On the

| i ght out goi ng side WO 97/ 13175

PCT/ JP96/ 02837 7 cell 7, a polarization plate 8 (hereinafter called

"out goi ng-si de Iarlzatlo | ate") which passes a specific
9 9 golggraphic opticgl element 6. ,%hat-is;-t e 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 llghte of the individual wavelength components
which have passed the LC cell 7 and the outgoing-side
polarization plate B 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 patha for only the R
wavelength component (A = 640 nm), the G wavelength
component (A = 550.nm) and the B wavelength component (A =
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’ to 43°'. 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. 1In 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 pizel 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 IC 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.




pol ari zed light conponent is provided parallel to the LC cell 7. A
projection lens 9 for projecting an image of 5 light which has passed the
out goi ng-si de polarization plate 8 is |located on the I'i'ght going side of
side pol ari-zation plate 8 The LC cell 7 has a liquid crystal
Ty ﬁﬁ?'r of transparent substrates on which gicappsqaden are 10

t he out goi ng-

Seal ed bet
formed in a

matrix form A black matrix BM for preventing |ight |eakage is provided

rix formand nmultiple pixels are arranged in a dot

bet ween the pixels on the substrate to 2@gch light is incident. The LC cel

7 has unit pi

pi xel s. One side of each pixe

xel s each consisting of a

the pixels is 88 pm This LCcell 7 is provided with color filters for

and B. The LC cel | 1A %RE POVéV aiodiPicatfon ol DTudtidateds inTRkgi n&i dent - si de
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ei ther |inear
in the paral
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plate 4, inclined at a predetermined angle (23°) with
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.

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°') with
respect to the optical axis 3. The first holographic
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
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
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
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
optical element inclined perpendicular to the optical axis
3. Accordingly, a parallel light of a specific polarized



1 and has been reflected by the reflector 2. The outgoing- side
pol ari zation plate 8 passes a specific polarized Iight 25 conponent in the

el enent 5

diffracts | i ght of any mavelength with each diffraction grating. The
diffraction angle of the light diffracted by the first hol ographic optical
el enment 5 varies in accordance with the 30 wavel ength. The diffraction

gratings ofY@Mé&3¥5r st hol ographic optical elenent 5 are FPETARWOB7 3 uniform

pitch d (= 2.182 nm). The first hol ographic optical elenment 5 is inclined
to the optical axis 3 of the lanp 1 by 23" in order to cause 35 lights of
t hree wavel ength conmponents of R, G and4B (hereafter called as "light of

t he R wavel ength conponent, " WO 97/ 13175

PCT/ JP96/ 02837 8 "light of the G wavel ength conponent” and "light of the B
~light component which has passed the incident-side
polarization p;ate-4~petpendicu1arly-¢nters 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 sécond'holographic'optiéal element 16,
the LC cell 7, the outgoing-side polarization plate B and

~ the projection lens 9 are arranged perpendicular to the

10 optical axis 3 in the named oxrder. L -

. 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 &he_wavelength,_ The diffraction gratings of the first
bolographic 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 (A = 640 nm) comes out of the first holographic
optical element 15 at an angle of 48.4°. The light of the
25 G wavelength component (A = 550 nm) comes out of the first
holographic optical element 15 at an angle of 40°. The
light of the B wavelength component (A = 460 nm) comes out
of the first holographic optical element 15 at an angle of

32.5°.

30 The second holographic optical element 16 diffracts
light of any wavelength. The diffraction angle of the
light diftracted:by.the.second holographic cptical. element

16 varies in accordance with the wavelength.

The second

holbgraphic 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



wavel engt h conponent™) i nci dent to the second holographic optical elenent 6

at specific incident angles respectively. Accordingly,
of light to the first 5 hol ographic-optical -elrenent- 5 becones 23[err]. -

first hol ographic optical elenment 5 diffracts the lights incident at an

the incident angle

The

i nci dent anghe [err] to emt the resultant |ights at Sososhsd f erent
wavel engt h by &gégﬁéngth. The light of the R wavel ength cggggnen %[err] =

640 nm comes out of the 10 first hol ographic optical-elenment 5 at an angle

of 43[err]. The light of the G wavel ength conponent ([err]

= 550 nn) cones

out of the first hol ographic optical el efnt 5 at an angle of 40[err]. The
| ight of the B wavel ength conponent ([err] = 460 nm cones out of the first
hol ographi c optical elenment 5 at 15 an angle of 37[err]. The second

hol ogr aphi c op
diffraction an
el ement 6 vari
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have diffraction gratings formed in the same way as those
of the first embodiment. In the second holographic optical
element 16, the pitch d, of the diffraction grating at the
point HA is set to 3.141 nm, the pitch 4, of the diffraction
grating at the point HB is set to 2.182 nm and the pitch 4.
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
diffraction angles wavelength by wavelength by the first
holographic optical element 15. That is, the outgoing
lights of the individual wavelength COMponents'from‘fﬂe
first holographic optical element 15 enter the second
holographic optical element 16 at their optimal incident
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
components onto the associated pixels of the LC cell 7 for
corresponding colors. As a result, a clear and bright
projected image can be acguired.

Since light is perpendicularly incident to the first
holographic optical element 15, the reflection at the first
holographic optical element 15 can be minimized 1f 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
reflection at the back of the first holographic optical
element 15. It is thus possible to effectively and



specific incident angles for the respective wavel ength conponents, to enter
the respective pixels of the LC cell 7 corresponding to the individual :
colors. _As shown.in Fi gs 25 210 /| L he-second hol ogra thl o anf ical

el enent 6 has unit hol ographic optical el enent's arranged in aSSOC|at|on
with unit pixels each consisting of a set of three color (R, G and B)

pi xel s of the LC cell 7. Those unit hol ographic optical el enents have the
maxi mum di YPPX&37Hn efficiency 30 for the R wavel engt h BETB%HBHt HA shown
in Figs. 2 to 4, the maximumdiffraction efficiency for the G wavel ength at
a point HB shomn in Figs. 2 to 4 and the maximumdiffraction efficiency for
the B wavel ength at a point HC shown ipéFigs. 2 to 4. Therefore, the pitch
dlerr] of the 35 diffraction grating at the point HAis set to 1.006 nm

the pitch dferr] of the diffraction gratlng.at the point HB is set WO
97113175 .wastelessly use light incident to theFﬁir'%ngigégggtfé

optical element 15.

Further, the lamp 1, the reflector 2 and the incident-

_side.polarization:plate 4 can be arranged -in alinear
5 fashion, so¢that.thie LC projector can be made more compact
than the_Lc.pereetor of the first embodiment.

Although the sbove-described LC projector has the
first and second holographic epticel-eiements 15 and 16
arrahged 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. : S

In the second modification illustrated in Fig. 10, the
trangparent plate 10 is arranged perpendicular to the
obtical 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
opticel 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 celi 7Vobliqﬁe1y 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



to 0.848 nmand 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 hol ographic opti cal

el enent 6 has such a characteristic that the diffraction efficiency of"
li.ght of 5 the G wavel ength conponent is high when |ights of individual

wavel ength c are incident at an incident angle of he
diffraction e ?@ﬁg?\%y of light of the R wavel ength corrponeﬁ&lﬁs?%]zl% when

| i ghts of individual wavel ength conponents are incident at an 10 incident
angle of 43 and the diffraction efficiency of |light of the B wavel ength
conponent is high when |ights of individdﬁX wavel engt h conponents are

I ncident at an incident angle of 37[err]. The second hol ographi c opti cal
-elenment 6 is arranged 15 at. an interval of approximately 10 [err]mw th
respect to the {éésﬂcleyrggegphic optical elenment 5. The second hol ographic
optical el ement has an i nterval of approxinmately 1100 [err]mw th respect
to the surface of the LC cell 7 to WMHEH F!“Bﬂn?i‘f'?}/‘? nci dent. 20 The
operation of this LE&ig.ojldctierawcidssmectional view illustrating the

structure of an LCD projector according to the thirda

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'Ehe
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°, as shown in

30 Figs. 12 through 14. Accordingly, the incident angle of
the light to the prism 20 becomes approximately 38.2°. The
refractive index of the prism 20 is 1.962. The light of
the R wavelength component (A = 640 nm) comes out of the
prism 20 at an angle of about 41.7°'. The light of the G

35 wavelength component (A = 550 nm) comes out of the prism 20
at an angle of about 40°. The light of the B wavelength



described. In this LC projector, as shown in Fig. 1, the light fromthe
lanp 1 is reflected by the reflector 2 to becone parallel to the optical
axis 3 This parallel light.comes.25 _perpgoadicularly incident—to the

i nci dent - si de’ polarlzatlon plate 4, which selectively passes the light of a
specific polarized |light conponent. The light of the specific polarized

i ght co onent selected by the incident-side polarization plate 4 enters
the first 38phic optical 30 elenent 5 at an inci dBSHIFAFMASY of

23[err]. The lights of the R G and B wavel engt h conmponents incident to
the first hol ographic optical elenment 5 are diffracted at different
diffraction angles by the first hol ogt8phic optical elenent 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 hol ographic optical

E'C%rrﬁgt%?ogg’tg%r thgt (lV\D4%y 13} comes out of the prism 20 at an
angle of about 39°.. : :

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 correappnding colors. This holographic optical

10 element 21 has unit holographic optical elements arranged
in association withhunit pixels each consisting of a set of
:three color (R, G and B) pixels of the bc cell 7. Those
unit holographic optical elements have diffraction gratings

- formed in the same way as those of the first embodiment.

15 In the_holographie cptical element 21, the pitch 4, of the
diffraefion grating at the point.HA'is set to 1.006 nm, the
pitch 4, of the diffraction grating at the point HB is set
to 0.848 nm and the pitch 4, 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 pm 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 eompenenf selected by the incident-side
polarization plate 4 enters the prismlzo at an incident

35 eangle of 38.2°. The lights of the R, G and B wavelength
components incident to the prism 20 are diffracted at



10 second hol ographic optical elenent 6 at the optimal incident angles for

the respective wavel ength conponents. The lights of the individual

wavel engt h conponents inci-dent to the second hol ographic optical elenent 6

are condensed 5 to the associated pixels of the LC cell 7 corresponding to

the respecti The above wi || be di scussed specifi sk each of
the R, G and“@g\?&}g{ength conponents. As shown in Fig. 2, ?ﬁt)%ght of the

G wavel ength- 10 conponent incident to the first hol ographic optical

el enment 5 at an incident angle of 23[err# is diffracted and goes out of the
first hol ographic optical elenment 5 at anoutgoing angle of 40[err]. The
light having left the first hol ographic optical elenent 5 enters the second
hol ographic optical 15 elenment 6 at an incident angle of 40[err]. The

: ight i nﬁ' dent digf%f&\@%ﬁthfxﬁatﬂﬁntﬂﬁgﬁﬁ(ﬂiﬂth@ pgigpiec a@:{alt ical element 6
per pondi cul ar| §SERESHAYEAE fie” 288 ERdrect gt e7sreRe fddinglangies, oo
| i ght |nc|denta505b¢mprﬁn,ﬁiqu 12 to 14. The 1ights 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. B
As shown in Fig. 12, the light of the G wavelength
component incident to the prism 20 at an incident angle of
38.2"' is diffracted and goes out of the prism 20 at an
15 outgoing angle of 40°. The light having left the prism 20
enters the holographic optical element 21 at an ‘incident
angle of 40°. 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° is diffracted and goes out of the priém 20 at an
outgoing angle of 41.7°. The light having left the prism
20 enters the holographic optical element 21 at an incident
angle of 41.7°. 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



20 of the second hol ographic optical elenent 6 | eaves the second
hol ographi c optical element 6 at a predeterm ned outgoing angle and hits

' j o the
poi nt HC of the second holographic opti cal elenent 6 | eaves the second 25
hol ographi c optical element 6 at a predeterm ned outgoing angle and hits
the associ ated pi xel for G of the LCcell 7. As shown in Fi the Iight
of the R M?@Tbﬁb’t h conponent incident to the first hol & Qg?ﬁ'@’ dpt i cal
elenment 5 at an incident angle of 23[err] is diffracted and goes out of 30
the first hol ographic optical elenent 5 at an outgoing angle of 43[err].
The light having left the first hol ogr#éphic optical elenent 5 enters the
second hol ographic optical elenment 6 at an incident angle of 43[err]. The
light incident to the point HA of the second hol.ographic optical elenent 6

e pon oo R o FEE SHATESE uP 58, GASIbe " UbRLAL ke
leaves the holographic optioal element 21 at a
predetermined outgoing angle and hits the associated pixel
for R of the L¢ °§;1;7' The light incident to the point HC
5 of the hplograghig”optioaluelement 21 leaves the
holographio 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° is diffracted and goes out of the prism 20 at an
outgoing angle o£_39',;-The light having left the prism 20
enters the holographic optical element 21 at an incident
angle of 39'._.The light incident to the. point HC of the
holographic_opfioal.element'ZI leaves the holographic

15 gptioal_elenent:2l_subs£antially perpendicularly and hits
%he 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_hitshthe 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.l and reflected by
the reflector 2 is diffracted at different diffraction
angles wavelength by wavelength by the first holographic
optical element 5. ;Thgt 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
diffraotion effioiency of light of each wavelength

' component by the holographic optical element 21 so that
lights of the individual wavelengths can efficiently be

35 diffracted hy the holographio optical element 21 to be
efficiently condensed on the associated pixels of the LC



WD 97/ 13175 - ~PCT/ JP96/ 02837 11 for R

of the LC cell 7. The light incident to the point HB of the second

hol ographi c optical elenent 6 1 eaves the second hol ographic-optical el enment
6.at a predeterm ned outgoing angle and hits the associated pixel for R of

the 5 LC cel [, % l'ight incident to the point HC of the ﬁﬁﬁ%
hol ogr aphi c 4(glp()"tgl'”é;i-'llageI enent 6 | eaves the second hol ographi gEg.p | czzi’f”el enent

6 at a predeterm ned outgoing:.angle and hits the associated pixel for R of
the LC cell 7. As shown in Fig. 4, the Ilight of the B wavel ength 10
conmponent incident to the first hol ograpfic optical element 5 at an

I ncident angle of 23 is diffracted and goes out of the first hol ographic
optical element 5 at an outgoing angle of 37[err]. The light having |eft

the first hol ogeARNhC e8Pt boAtesiictilNg 2o88EE! S ﬁéb%r%‘iﬁ%ﬁ!?, hg!| QD& Riri
optical 15 el enent g at _an_inci dent angle of SZ%ﬁ%LL' he |light incident to
the point HC oF“gﬁE sBEB&ﬁcﬁﬂidﬂW¥ﬁhF@ oP®i RcIUIHSMrent 6 | eaves the second
hol ographi c optical el enment 6 substkEeuxth Embpdipemtii cul arly and hits the
associ ated pi xel 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 reflectfng
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

. -1light 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. 1In this case,
each microprism lens 25a has a light-incident lens surface
inclined at an angle of 38.2°' 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



for B of the LCcell 7. The light incident to the point HB 20 of the second
holographlc optical element 6 | eaves the second holographlc optlcal el enent’

for B of

the LC cett/7' The'tlght tnctdent toAthe potnt HA of the second'holographlc_

optical elenment 6 | eaves the second 25 hol ographic optical element 6 at a
predet erm ned outgoi ng angle and hits the associated pixel for B of the LC
cell 7. AcHOHiI}3Sto this LC projector, as described aboReTAP§28¥ar al | el
light emtted fromthe lanp 1 and reflected by the reflector 2 is
diffracted at different diffraction 30 angl es wavel ength by wavel ength by
the first hol ographic optical elenent 22 That is, the outgoing |ights of

t he individual wavel ength conponents fromthe first hol ographic optical

el enent 5 enter the second hol ographic optical elenent 6 at their optina

I nci dent angl is 35 therefore _possible to inprove the dlffractlon

s.
efficiency of(%t i gﬁfoof’m LPefa Pt A The BeMe fenB 2% AF an-SRgle of
41.7°. The light of the G wavelength component (A = 550

nm) comes out of the prism lens 25 at an angle of 40°. The
light of the B wavelength component (A = 460 nm) comes out
.5 of the prism lens 25 at an angle of 39°. :

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. . . C -

According to this LC projector, as: described above,
the parallel light_gmitted from the lamp 1 and reflected by
the reflector 2 is difftacted'at-different.diffraction

~angles wavelength by wavelength by the prism lens 25. That
15 1is, the outgoing lighté 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.aﬁd B) pixels
of the IC 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. S

35 o To avoid the redundant description, like or same
reference numerals are given to those components of this
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hotographic optical elenment 6. That is, the second hol ographi c opti cal
el enent 6 can efficiently condense Ilights of-the-individual wavel ength
conponent s onto t he associated pixels of the LCcell 7 for corresponding 5
colors. The + of the individual wavel ength conponent ' ave
passed the L ceI and t he out goi ng-si de polarization plate are
projected as an inmage by the.projection lens 9. As:a result, a clear and
bri ght projected i nage can be acquired. 10 In the above description,
| ight paths for only the R wavel ength co@ﬁonent ([err] = 640 nm, the G
mavelength conponent ([err] = 550 nm and the B wavel ength conponent ([err]
460 nm) have been di scussed. The wavel engths of the lights emtted from

the lamp 1 areé?&bahmmutewhi&ta@%hseﬂe d® the coreespsadPhg, |ight of a

wavel engt h conponent I n we, the mavelength conponents goes
out the first S’&P&BﬁchSpﬁ% ﬁ?ggm%ﬂ% ‘an out goi ng angle of

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. &
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 outgéing side of this
polarization plate 4. The LC cell 7 is provided parsallel
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 & 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



40[err] to 43[err]. The outgoing light fromthe first hol ographic optical
element 5 is diffracted by the second hol ographic 20 optical elenent 6.

| | _ ; -cal--el-enent-6 enters one
of a pixel for Rof the LC cell 7, the black matrix BM and a pixel for G of-
the LC cell 7 in accordance wth the wavelength. In other words, |ight of
a given mavelengﬁh band around the R 25 wavel ength conponent enters a
pi xel for %0 e LCcell 7, and light of a given wavePERIRWM3hd ar ound
the G wavel ength conponent enters a pixel for Gof the LC cell 7. Yellow
| i ght, which belongs to neither band, is absorbed by the black matri x BM
Even though the LC cell 7 30 has no @ or filters, therefore, the col or of
light leaving the LC cell 7 does not beconme unclear. Al though the
above-descri bed LC projector has the first and second hol ographic opti cal

el enents 5 ?@g t& Al Rggg Slfb??a%f'zbg‘%al# rLee arLag gggrfate%l notr I | mted to

35 this pa orm ag s Br Fig. 7.
LC cell 7 s provided with color filters for R, G and

The ILC cell 7 may not however be provided with color
filters. R o .

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

lp emitted from the lamp 1 and reflected by the reflector 2
enters the holographic optical element 51 at a
predeterminediiocident_angle. The holographic optical
element Sl splits the incident light to parallel lights for
individual wavolqngth bands. That is, the diffraction

15_ Qggtings 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 ahgle 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 gacp_consisting of three color (R, G.-and
B) pixels of the LC cell 7. As shown in Fig. 18, each
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first nodification illustrated in Filg. 6, a transparent plate 10 of gl ass
or the like is arranged on the |ight outgoing side-of the incident-side

pol ari zation plate 4, inclined at a predeterm ned angle (23[err]) with 5
respect to t%ﬁfﬁi? al axis 3. The first hol ographic opti Ggh,péeiA®pt S IS
provided on the li1ght-incident surface of this transparent plate 10 and the
second hol ographic optical element 6 is provided on:the |ight-outgoing
surface of the transparent plate 10. 10 In the second nodification
illustrated in Fig. 7, a transparent MEn%§10 of glass or the like is
arranged on the |ight outgoing side of the incident-side polarization plate
4, inclined at a predeterm ned angle (23[err]) with respect to the optical

axis 3. The finsdrdienggs568his fSrmedtincal hakagendl SsHape)r anildRChas & he
Pt - out 901 N0 SHIAT8r°b b End "I RAIPY of! hE dhAll dBCCBRREOE 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. . ' : B
- 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



optical elenment 6 is provided on the |ight-outgoing surface of the first

~hol ographi c opti cal

element 5. The LC projectors according to the first and’
s and -advantages of

the LC projector of the first enbodi nent. Second Enbodiment Fig. 8 is a
cross-sectional viewillustrating the structure of an LCD projector
according to the second 25 enbodi nent of this invention. To avoid the
redundant WP ion, |ike or sane reference nunerals aFEFH¥®BP% o those
conponents of this enbodi nent which are the sane as the correspondi ng
conponents of the first enbodi nent. The incident-side polarization plate 4
I's provided 30 perpendicular to the opbcal axis 3 on the light reflecting
side of the reflector 2, which reflects the light fromthe lanp 1 to be
parallel to the optical axis 3. Arranged on the }ight outgoing side of the

I nci dent -'si de ar|z ion pla first hol gr h{ el enent
15 as an 35 tERF et e 1 ﬂ“ﬁé‘ﬁ?ﬁe%fﬁgﬁ%%&"cﬂf‘ﬂf h&% Jf‘h%m s 3.
Accor di ngl Y, Jé-qu of| the |G giavedength eand |a@dpé¢av¢ezethe hOlogrﬂPhic
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
Qorresponding 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

25

30

35

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
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
outgoing-side polarization plate 8. The 1ights 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
reflector 2 is diffracted at difféerent diffraction angles
for the respective R, ¢ and B wavelength bands by the
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conponent whi ch has passed the |nC|dent si de polarlzatlon plate 4

perpendi cularly enters the first hol ographic optical -elenment 15. On the"

| i ght outgoing side of the first hol ographic optical elenent 15, a second 5
hol ogr aphi c ' el enment 16 is provided parallel to the

hol ogr aphi c op ?ﬁclghsel enment 15. On the |ight outgoi:ng side lttjf‘lrﬁ%mggcond
hol ographi c optical element 16, the LC cell 7, the outgoing-side

pol ari zation plate 8 and the projection |l ens 9 are arranged perpendi cul ar
to the 10 optical axis 3 in the named ord&r. The first hol ographic optical
element 15 diffracts light of any wavel ength with each diffraction grating.
The diffraction angle of the light diffracted by the first hol ographic

optical el eﬁenthéﬁog’féﬁtﬁ% 'dbt%ﬁﬁ!rdi‘éﬁé’xxﬁ""élh 1parhifeyeieriididAtn The
diffraction gratings of the st
dif erent incident angles for the respective R, G and B
wavelength bands leave the holographic optical element 51. -
1t 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, & 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



hol ographi ¢ optical elenent 15 are fornmed at a uniformpitch d (= 0.856
nm . The flrst holographlc optlcal el ement 15 causes Ilghts of three

|IghtS of 20A the‘R G-and B mevelength conponents enter the second
hol ographi c optical element 6 at their specific incident angles.
Specifical%¥ the light of the R wavel engt h conponent ([err] = 640 nm)

comes out %%¥7% i rst hol ographic optical elenent 15 atPGH BY of
48.4[err]. The light of the 25 G wavel ength conponent ([err] = 550 nm
conmes out of the first hol ographic optical elenment 15 at an angle of 40 .
The |ight of the B wavel ength conponen28([err] = 460 nn) cones out of the
first hol ographic optical elenment 15 at an angle of 32.5[err]. 30 The
second hol ographic optical element 16 diffracts |ight of any wavel ength.

1 )L e W S o

optical ele second
hol ogr aphi c 8Bt Vevelenghh Mey1becusrd dn pdarpdnes ‘Fl?ﬁzl’tﬂ’é-ﬁSrSth@ their
SpeCIfIC I ncbgeftahnslenerits andepridms.respective

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 poiarization 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

'phto predetermined and assocliated 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 micrdlenses. _

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. | _ o _

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 di;eetly view an image displayed oh the LC
cell 7.



pi xel s of the LC cell 7 for corresponding colors. The WO 97/ 13175

PCT/ JP96/ 02837 15 second hol ographic optical elenent 16 has unit

hol ographi c optical elenents 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 ic optical elenents 5 have diffraction } f or med
in the sanehagggggﬂ?hose of the first enbodinent. In the sg%gﬁgbﬁ%?%graphic
optical element 16, the pitch-d[err] of the diffraction grating at the
point HAis set to 3.141 nm the pitch d%grr] of the diffraction grating at
the point HBis set to 2.182 nmand the grtch d[err] 10 of the diffraction
grating at the point HCis set to 1.624 nm According to this LC projector,
as apparent from above, the parallel light emtted fromthe lanp 1 and
reflected by the reftheclecn epparattubbsdddstaingditbl €heénfirst to £ifth

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

S to combine those two optical means and the characteristics
of those two optical means may be selected to provide the
desired results through experiments.




15 diffraction angl es wavel ength by wavel ength by the first hol ographic
optlcal elenent 15. That is, the out90|ng Ilghts of the individual
-cal—elerert—15 enter
the second holographlc optlcal el enent 16 at . their optinmal incident 20
angles. It is therefore possible to inprove the diffraction efficiency of

| i ght of each mavelength conponent by the second\hologra I c optical

el ement 16 YOHAR s the second holographlc optlcal elengﬁf Qagﬁh

I Ci wavel engt h 25 conponents onto

thqhggﬂgﬁhaiedﬁplxels of the LC cell 7 for corrésponding colors. As a

resu bright projected i #ge can be acquired. Since light is
per cident to the first hol ographic optical elenent 15, the

refl first 30 hol ographic optical elenent 15 can be minim zed
if the incident light is an S polargzgd, l4 component. As light of a

speci fic polarized |I%ht coqgonent erpendicul arly enters the first
hol ogr aphi ¢ opticd e wryskalcdisplay SPPRFAEES QAMPFiSARGEi zed | i ght
pr oduced by the a light source (1, 2) for supplying a substantially

parallel light flux;
5 a liquia 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 of light fluxes of

_ different wavelength bands and emitting said split light
10 fluxes in different directions respectively:; and

a second holographic optical element (6, 16) for
guiding said plurality of light fluxes of different
wavelength bands emitted from said first holographic
optical element (5, 15) to predetermined pixels of said

15 _liquid crystal device (7) wavelength band by wavelength
,band.

2. The liquid crystal display apparatus according to
claim 1, wherein said first holographic optical element (5,
15) splits a substantially parallel light flux from said

20 1light source (1, 2) into a plurality of parallel light
fluxes of different wavelength bands and emitting said
split parallel light fluxes in different directions
respectively. -

3. The liguid crystal display apparatus according to

25 claim 1, wherein each of incident angles of said plurality
of light fluxes of different wavelength bénds incident to
said second holographic optical element (6, 16) falls
within a predetermined range including an incident angle
which maximizes a diffraction efficiency of said second

30 holographic optiéal element (6, 16) for each of said
wavelength bands of said liyht fluxes. '

4. The liquid crystal display app@ratus according to
claim 1, wherein light from said light source (1, 2)
obliquely hits said f£irst holographic optical element (5).

35 5. The liquid crystal display apparatus according to

' claim 4, further comprising a polarization plate (4)

KRR O AT
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35 reflection at the back of—the—fi+st_holagraphic optical elenent 15. It

I's thus possible to effecqhg§(% 97/13175

PCT/ JP96/ 02837 16 mesteless ¢i dent ‘'to the first hol ographic
optical elenment 15. Further the reflector 2 and the incident-
si de pol arlzq? psate 4 inalinear 5 fas.t&-ﬁﬁ%, 4 hat
this LC projector can be nade nnre conpact than the LC projector t he

first enbodi nent. Although the above-described LC projector has the first
and second hol ographic optical elenents 15 and 16 arranged side by side,
the arrangenent is not limted to 10 thi§1particular type but may take a
formas shown in Fig. 9 or Fig. 10. In the first nodification illustrated
in Fig. 9, the transparent plate 10 of glass or the like is arranged

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 polarization
plate (4).
5 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
respectively provided on both sides of a transparent plate
{10).
10 7. 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).
- 8, The liquid crystal display apparatus-according to
15 claim 1, wherein a diffraction angle when light from 'said
_light source (1, 2) is diffracted by said first holographic
optical element (5, 15) beconies larger as a:waéelehgth of
said light becomes longer.
9. A liquid crystal display apparatus comprising:
20 a light source (1, 2) for supplying a substantially
parallel light flux;
a liquid crystal device (7) having multiple pixels;
a prism (20, 25) for splitting said substantially
parallel light flux from said light source (1, 2) into a
25 plurality of light fluxes of different wavelength bands and
emitting said split light fluxes in different directions
respectively; and
a holographic optical element (21, 26) for guiding
said plurality of light fluxes of different wavelength
30 bands emitted from said prism (20, 25) to predetermined
pixels of said liquid crystal device (7) wavelength band by
wavelength band.
10. The liquid crystal display apparatus according to
claim 9, wherein said prism (20, 25) splits'a substantially
35 parallel light flux from said light source (1, 2) into a
plurality of parallel light fluxes of different wavelength

* [ L ] s * .




perpendi cular to the optical axis 3 on the light outgoing 15 side of the
i nci dent - si de polarlzatlon plate 4. The first hol ographic optical element
hi's transparent plate 10

and the second holographlc optlcaf eIenent‘16 I's provided on the

| i ght - out goi ng sur f adks BﬁmR zmhblographlc optical 20 elenent 15. In '
t he second_podificati |n Fig. 10, "'the transparent plate 10 is
arranged p¥Op&RITEul an axis 3 on the |i gfﬁ‘g"éﬂ’?g@ g side of

the incident- side pol arlzatlon p ate 4. The fi.rst hol ographic optical 25
el ement 15 is provided on the |ight-outgoing surface of this transparent
plate 10 and the second hol ographi c opggcal element 16 is provided on the

| i ght - out goi ng surface of the first holographlc optical elenment 15. The LC
projectors according to the first and second 30 nodi.fications have quite

enbod; ment - HnBRce0t sty ae; Felacaptih pacsl Eﬁifié&m@lg%%%d frent, 11 ght
hits the LC cdifferend| dipadtions cespagidely.
11. The liquid crystal display apparatus according to
claim 9, wherein said prism (25) is’ an assembly of a
.5 plurality of microprisms (25a). AR @
12. The liquiq crystal display praratus according to |
claim 9, wherein said prism (20, 25)'§plits a substantially
parallel light flux from said light source (1, 2) into a
plurality of substantially parallel light fluxes of
10 different wavelength bands and emitting said split parallel
light fluxes to different directions respectively.
13. The liquid crystal display apparatus according to
. claim 9,.wheréin-each:of:incident angles of said plurality
of light fluxes of different wavelength bands incident to
15 .said holographic optical element (21, 26) from said prism
420, 25) falls within a predetermined rahge including an
incident angle which maximizes a diffraction efficiency of
said holographic optical element (21, 26) for each of said
wavelength bands of said light fluxes. '
20 14. A liquid crystal display apparatus comprising: |
a light. source {1, 2) for supplying a suhstantially
parallel light flux; _
a liquid crystal. device (7) having multiple pixels;
a holographic optical element (51) for splitting said
25 substantially parallel light flux'fromusaid'light source
{1, 2) into a plurality of light fluxes of different
wavelength bands and emitting said split: light fluxes in’
different directions respectively; and
_ a lens (50) for guiding said plurality of light fluxes
30 of different wavelength bands emitted from said holographic
optical element (51) to predetermined pixels of said liquid
crystal device (7) wavelength band by wavelength band.
15. The liquid'crystal display apparatus according to
claim 14 wherein said holographic optical element (51)
35 splits a substantially parallel light flux from said light
source (1, 2) into a plurality of_parallel light fluxes of

LT [




wﬁth the incident |ight—nthe_ LCLpLQLQ_Lbr bf the first 35 enbodinent.
I't 'Ts therefore better that the projection |ens 9 should be arranged as

shifted fromthe positi Ha*mﬂ atQil 75 -
PCT/ JP96/ 02837 17 the LC Iul Enbodl ment Fig. 11 is a
cross-secti Gipgbrasaw i || truct ure ofian LCD ﬂf-ﬂhﬁ%ﬂi-’

according to the third 5 enbodlnent of this invention. To avoid the
redundant description, |like or sane reference nunerals are given to those
conmponents of this enbodi nent which are %%e same as the correspondi ng
conponents of the first enbodi nent. The cident-side polarization plate 4
I's provided 10 perpendicular to the optical axis 3 on the light reflecting
side of the reflector 2, which reflects the light fromthe lanp 1 to be
paral l el to théitferersti wavededgth pandsnatid emitting said split parallel

light fluxes in different directions respectively.

16. The liquid crystal display apparatus according to .

claim 14, wherein said lens (50) is comprised of a
5 plurality of microlenses (50a) respectively corresponding
to a plurality of pixels of said ligquid crystal device (7).

17. The liquid crystal display apparatus according to
claim 16, wherein said plurality of light fluxes of
different wavelength_bands respectively enter said

10 plurality of microlenses (50a).

18. The liquid crystal display apparatus according to
claim 14, wherein a plurality of light fluxes of different
wavelength bands emitted from one point of said holographic
optical element (51) enter respective pixels of said liquid

15 crystal device (7) wavelength band by wavelength band.

19. 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:;

20 first optical means (5, 15; 20, 25; 51) for splitting
said substantially parallel light flux from said light
source (1, 2) into a plurality of light fluxes of different
wavelength bands and emitting said split light fluxes in
different directions respectively; and

25 second optical means (6, 16; 21, 26; 50) for guiding
said plurality of light fluxes of different wavelength
bands emitted from said first optical means (5, 15; 20, 25;
51) to predetermined pixels of said liquid crystal device

(7) wavelength band by wavelength band.
30
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an optical elenent is arranged on the |ight outgoing side of the

i nci dent-side polarization plate 4. The prism 20 15 has a |ight-incident

S uH-aee—het-ped—te—the—epti-cat—ad-s—3—aRt—a—tght—out-go-hg—surface-f or ned
perpendicular to the optical axis 3. On the |light outgoing side of the
prism 20, a hol ographic optical elenment 21 is provided perpendicular to the
optical axis 3. On the light outgoing 20 side of the hol ographic optical
el ement 21, tYR¥BBel| 7, the outgoing-side polarization JCHRINOBH] t he
projection lens 9 are arranged perpendicular to the optical axis 3 in the
named order. The prism 20 diffracts parallel Iights of specific 25

pol arized |ight conponents passed the inciggnt-side polarization plate 4 at
di fferent angles according to their wavel engths and causes the diffracted
lights to | eave. The prism 20 has the light-incident surface inclined to
the |ight-outgoing surface by approximtely 38.2[err], as shown in 30 Figs.
12 through 14. Accordingly, the incident angle of the light to the prism 20
beconmes approxi mately 38.2[err]. The refractive index of the prism20 is
1.962. The light of y

FIG.1



the R wavel ength conponent ([err] = 640 nn) cones out of the prism20 at an
a . - + h conponent
([err] = 550 nnm) cones out of the prism?20 at an angle of about 40[err].
The light of the B wavel ength WD 97/ 13175

PCT/ JP96/ 02837 18 conponent ([err] = 460 nn) cones out of [ 20 at
an angl e of WO B[ err]. The hol ographi c opti cal elenentagﬁmgpyf acts

| ight of any wavel ength. The diffraction angle of the light 5 diffracted
by the hol ographic optical elenent 21 varies in accordance with the

wavel engt h. The hol ographi c opti cal eleg§?§ 21 causes. the lights incident
at their specific incident angles to ent he respective pixels of the LC
cell 7 for corresponding colors. This holographic optical 10 elenent 21
has unit hol ographic optical elenments arranged in association with unit

pi xel s each consisting of a set of
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three color (R, G and B) pixels of the LC cell 7. Those unit hol ographic
optical elenents have diffracti-glegiatings—forred—i-r—the—sare-way as those
of the first enbodinment. 15 1In the hol ographic optical elenment 21, the
pi-tch d[err] of the diffraction grating at the point HAis set to 1.006 nm
the pitch d[lerr] of the diffraction grating at the point HB is set to 0.848
nm and the pWeHMA1%rr] of the diffraction grating at the JGTAFERYs set
to 0.733 nm 20 The hol ographic optical element 21 is arranged at an
interval of approximately 10 pmw th respect to the |ight- outgoing surface
of the prism 20 and an interval of appr igrtely 1100 [err]mw th respect
to the light-incident surface of the LC Celll 7. 25 The operation of
this LC projector will be discussed below In this LC projector, as shown
in Fig. 11, the light fromthe lanp 1 is reflected by the reflector 2 to
becone parallel to the optical axis 3. This parallel |ight 30

perpendi cularly enters the incident-side polarization plate 4, which

sel ectively passes the light of a specific
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paol arized Iight conponent. The light of the specific polarized Iight

c . e
prism 20 at an incident 35 angle of 38.2[err]. The lights of the R, G and
B-wavel engt h conmponents incident to the prism20 are diffracted at WO
97/ 13175 PCT/ JP96/ 02837 19 different

diffracti on WM@A788178y the prism 20 and respectively go out PCRJIPSHRIIZt

di fferent outgoing angles, as shown in Figs. 12 to 14. The lights which
have left the prism 20 enter the hol ographic optical elenment 21 at the 5
optimal incident angles for the respective wavel ength conponents. The

| ights of the individual wavel ength conpaf¢@ts incident to the hol ographic
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
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the R, G and B wavel ength conponents. As shown in Fig. 12, the light of the
GJMﬂuﬂJﬂmﬂiLLnnnnnenL_LnnLﬂﬂnL_Ln_LhegnL-QW19ﬂfaL_an_anLdenL—angLe-of
38.2[err] is diffracted and goes out of the prism 20 at an 15 out goi ng
angle of 40[err]. The light having left the prism 20 enters the hol ographic
optical elenment 21 at an incident angle of 40[err]. The light incident to

t he poi nt HBYWRI¥IREShol ogr aphi c optical elenment 21 |eaves tMERIVGBETaphic
optical element 21 substantially perpendicularly and hits 20 the associ at ed
pi xel for Gof the LC cell 7. The light incident to the point HA of the

hol ographi ¢ optical elenent 21 |eaves t?ﬁ Qolographic optical element 21 at
a predeterm ned outgoing angle and hits #1? associ at ed pi xel for G of the
LC cell 7. The light incident to the point HC 25 of the hol ographic optical
el ement 21 | eaves the hol ographic optical elenent 21 at a predeterm ned

out goi ng angle and hits the associated pixel for Gof the LC cell 7. As
showmn in Fig. 13, the light of the R wavel ength conponent incident to the
prism 20 at an i ncident angle of 30 38.2[err] is diffracted and goes out

of the prism20 at an u_g
oy
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outgoi ng angle of 41.7[err]. The light having left the prism20 enters the
h i i lnci £]l— The |ight
incident to the point HA of the hol ographic optical elenent 21 |eaves the
hol ographic 35 optical elenment 21 substantially perpendicularly and hits

t he associated pixel for Rof the LC cell 7. The |ight WD 97/ 13175

PCT/ JP96/ 028‘3‘99'8'6”7%ci dent to the point HB of the hol ogr apPFeIP§2837

el enent 21 | eaves the hol ographic optical elenent 21 at a predeterm ned

out goi ng angle and hits the associated pixel for Rof the LC cell 7. The
light incident to the point HC 5 of the hol ographic optical elenent 21

| eaves the hol ographic optical el enent 216/49 a predet er m ned out goi ng angl e
and hits the associated pixel for Rof the LCcell 7. As shown in Fig. 14,
the Iight of the B wavel ength conponent incident to the prism20 at an

i ncident angl e of '

10 7
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10 38.2[err] is diffracted and goes out of the prism 20 at an outgoi ng

a .

hol ographi c optical elenment 21 at an incident angle of 39[err]. The I|ight
incident to the point HC of the hol ographic optical elenment 21 |eaves the
hol ographic 15 optical elenent 21 substantially perpendicularly and hits
the associ at ¥@PHIEF for B of the LC cell 7. The |ight inBFHEPR/0R7 he
poi nt HB of the hol ographic optical elenment 21 | eaves the hol ographic
optical elenment 21 at a predeterm ned outgoing angle and hits the

associ ated pixel 20 for B of the LCcel]l .7 The light incident to the

poi nt HA of the hol ographic optical el emB9 21 | eaves the hol ogr aphi c
optical element 21 at a predeterm ned outgoing angle and hits the

associ ated pixel for B of the LC cell 7. According to this LC projector, as
descri bed above, 25 the parallel light emtted fromthe lanp 1 and
reflected by the reflector 2 is diffracted at different diffraction angles
wavel engt h by wavel ength by the first holographic optical elenent 5. That
is,"the outgoing lights of the individual wavel ength conponents fromthe
prism 20 enter

10
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30 the hol ographic optical element 21 at their optinmal incident angles. It
is therefore passihble to inprove the diffraction efficiency.-oflight of
each mavelength conmponent by t he hol ographic optical elenment 21 so that
lights of the individual wavel engths can efficiently be 35 diffracted by

t he hol ographic optical element 21 to be efficiently condensed on the
associ ated pWRIHA3IEF the LC WO 97/ 13175 PCTAIP96/02837

PCT/ JP96/ 02837 21 cell 7 for corresponding colors. Accordingly, a clear and
bright projected i mage can be acquired. Fourth Enmbodinent Fig. 15 is a
cross-sectional viewillustrating the §%§gructure of an LCD projector
according to the fourth enbodi nent of thi'S invention. To avoid the
redundant description, |like or sane reference nunerals are given to those
conponents of this enbodi nent which are the sane as

15
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FIG.8



t he correspondi ng conponents of the third enbodi nent. 10 The

i nci =Sl i i i } }-C HW-a+—to—+the-optical
axis 3 on the light reflecting side of the reflector 2, which reflects the
|t ght fromthe lanp 1 to be parallel to the optical axis 3. A prismlens 25
as an optical elenent is arranged perpendicular to the 15 optical axis 3 on
the i ght ouMR¥M3178i de of the incident- side polarization FSTAP2837 5

hol ographi c optical elenment 26 is provided perpendicular to the opti cal
axis 3 on the light outgoing side of the prismlens 25. On the |ight

out goi ng side of the hol ographic opticap.géenent 26, the LC 20 cell 7, the
out goi ng-si de pol arization plate 8 and A projection lens 9 are arranged
perpendi cular to the optical axis 3 in the nanmed order. The prismlens 25
diffracts parallel lights of specific polarized |light conponents passed the
i nci.dent- 25 side polarization plate 4 at different angles according to
their wavel engths and causes the diffracted |ights to | eave. The

| i ght-incident surface of the prismlens 25 is a sawt oot h-shaped | ens
surf-ace. The |ight-outgoing surface

10
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of the prismlens 25 is a plane perpendicular to the 30 optical axis 3. The.
prismlens 25 has microprismlenses 283 corresnonding to unit pixels each
consisting of three color (R, G and B) pixels of the LCcell 7. In this
case, each mcroprismlens 25a has a light-incident |ens surface inclined
at an angle of 38.2[err] with respect to the light- 35 outgoin | ane. The
refractive i WRXM3¥Seach microprismlens 25a is 1.926. The%lq"‘ 3837 he R
wavel engt h component WD 97/ 13175

PCT/ JP96/ 02837 22 ([err] = 640 nm conmes out of the prismlens 25 at an
angle of 41.7[err]. The light of the G wavel ength conmponent ([err] = 550
nm cones out of the prismlens 25 at an"yﬂgle of 40[err]. The light of the
B wavel ength conponent ([err] = 460 nn) cones out 5 of the prismlens 25 at
an angle of 39[err]. The hol ographic optical elenent 26 is the sane as the
one in the third enbodi nent, and condenses the |ight of the

.~

16 8
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R wavel engt h conmponent, the |light of the G wavel ength conponent and the
light of the B wavelength conpongnt.onio 10 th j ' .
According to this LC projector, as described above, the parallel Iight
emtted fromthe lanp 1 and reflected by the reflector 2 is diffracted at
different diffraction angles wavel ength by wavel ength by the prismlens 25.
That 15 is, W¥M3goi ng | i ghts of the individual wavel endATREHEent s
fromthe prismlens 25 enter the hol ographic optical elenent 26 at their
optimal incident angles. It is therefore possible to inprove the
diffraction efficiency of |light of each wavel ength conmponent by the

hol ographi ¢ 20 optical element 26 and eflitft®ently diffract the |ights of

t he individual wavel engt hs by neans of the hol ographic optical el enent 26
to be efficiently condensed onto the associated pixels of the LC cell 7 for
corr.espondi ng colors. This can provide a clear and bright projected 25

i mage. The mcroprismlenses 25a which constitute the prismlens 25 in the
fourth enbodi nent are associated with unit

= g ?
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pi xel s each consisting of three color (R G and B) pixels of the LC cell 7.
The microprism lenses 2523 may howevel-be 30 —associated with-the—respective
pi xels of the LC cell 7. Fifth Enbodinment Fig. 16 is a cross-sectional view
i klustrating the structure of an LCD projector according to the fifth

enbodi nent of this invention. 35 To avoid the redundant description,
li ke or sameWOH783Whce numerals are given to those conponeRECEIBIRET o WO
97/ 13175 PCT/ JP96/ 02837 23 enbodi nent

whi ch are the sanme as the correspondi ng conponents of the first enbodi nment.
In this LC projector, the lanp 1 is |ocated at the focus point of the

refl ector 2 which has a parabolic 5 surfl2ft9 The reflector 2 reflects |ight
generated fromthe lanp 1 to produce light parallel to the optical axis 3.
A
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hol ographi c optical elenment 51 is arranged on the light reflecting side of
the reflector 2 and s inclined ot _a-—predet-eim-red—angle—to—t-he—opti cal '
axis 3. On the light 10 outgoing side of the hol ographic optical elenent

51, the incident-side polarization plate 4 which selectively passes a
specific polarized |light conponent is arranged parallel to_the h raphi c
optical el enWd7S A f| at - shaped condenser lens 50 is arrmw“ﬁgsggl lel to
the incident-side 15 polarization plate 4 on the |ight outgoing side of
this polarization plate 4. The LC cell 7 is provided parallel to the
condenser | ens 50 on the |ight outgoing gwfﬁ of the condenser |lens 50. On
the light outgoing side of the LC cell ’,' e out goi ng-si de polarization
plate 8, which 20 selectively passes a specific polarized |ight conponent
anong the lights passed the LC cell 7, is arranged parallel to the LC cel

7. The projection lens 9 for projecting an inmage of |ight which has passed
the outgoi ng-side polarization pygpe 88§ielocated on the light going side
of 25 the outgoing-side polariz ot The LC cell 7 has a liquid
crystal seal ed between a

10(um)

1100(um)
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pair of ‘transparent substrates on which electrodes are forned in a dot

i i L i trixform .A bl ack
matrix BM for 30 preventing light |eakage 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
t hree col or Y"R,”’@"énd B) pixels. The individual pixels of MIVURICAIATB are
arranged 35 in the order of B Gand R along the light splitting direction
of the hol ographic optical elenent 51 (fromleft WO 97/ 13175
PCT/ JP96/ 02837 24 to right in Fig. 18) which wll be discussed later. This
LC cell 7 is provided with col or filter 3429 R, Gand B. The LC cell 7 may
not however be provided with color filters. 5 The hol ographi c opti cal
el ement 51 diffracts |light of

FIG.14



any wavel ength with each diffraction grating. The diffraction angle of the
light diffracted by the holographic. aptical elegent 51 varies_in _accordance
with the wavel ength. As shown in Fig. 17, parallel light 10 emtted from
the lanp 1 and reflected by the reflector 2 enters the hol ographic optical
el ement 51 at a predeterm ned incident angle. The hol ographic optical

el ement 51 spY@¥43tMe incident light to parallel |ights forPGTHE6/A28RTal
wavel engt h bands. That is, the diffraction 15 gratings of the hol ographic
optical elenment 51 are fornmed at a uniform pitch. The hol ographic optical
el ement 51 diffracts the light of the G wavel ength band toward
substantially the direction of the nor mel9M18he and causes the light to

| eave accordingly. The hol ographic optical 20 elenent 51 diffracts the

i ght of the R wavel ength band at a greater diffraction angle than that of
the.light of the G wavel ength band and causes the light to | eave
accordingly. The hol ographic optical elenent 51 diffracts the |light of the
B wavel ength band at a snaller diffraction angle than 25 that of the Iight
of the G wavel ength band and causes the

25
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l.Light to | eave accordingly. In Fig. 18, the light splitting direction
(resolution direction) of the haolographic ootical el E1 | n the

|l eft-to-right direction. 30 The condenser | ens 50 condenses the
parall el lights of individual wavel engths, split by the hol ographic optical
el ement 51, on the associated pixels of the LC cell 7 for correspondi ng

col ors. The WOHIBMI&r | ens 50 has nicrol enses 50a cyclical P§T Cd whi ch

are associated 35 with unit pixels each consisting of three color (R, G
and B) pixels of the LCcell 7. As shown in Fig. 18, each WD 97/ 13175
PCT/.JP96/ 02837 25 microlens 50a is fornegﬁhgha hexagonal shape, which has a
pi xel for Gof the LC cell 7 at the cent d connects the centers of six
adj oining pixels for Rand B around the center pixel. As shown in Fig. 17,
the mcrol enses 50a are

P
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5 convex lenses with the convex surfaces facing the hol ographic optical
element 51, The m crolenses B80a r‘nndﬁn_s_&s_pa_;_aj_l_e_l__hn_m dent |_|_g_h.t$__gf

i ndi vi dual wavel ength bands onto the associ ated pixels of the LC cell 7 for
correspondi ng colors in accordance with the wavel engths 10 (i nci dent

angl es) of the lights. Specifically, the light of the G wavel ength band is
condensed on W& 4t¥oci at ed pi xel for G of the LC cell 7, tm/%??%%i* Tof the
R wavel ength band is condensed on the associated pixel for R of the LC cel
7, and the light of the B wavel ength band is condensed 15 on the associ ated
plxel for B of the LC cell 7. The opera{‘fgbof this LC prolector wll now
be di scussed. As shown in Fig. 16, Ilgh mthe lanp 1 is reflected by
the reflector 2 to be parallel to the optical 20 axis 3. This parallel

| ight enters the hol ographic optical elenent 51 at a predeterm ned incident
angl.e. The parallel light incident to the hol ographic optical element 51 is
diffracted at different diffraction angles for the R and B wavel ength
bands by the hol ographic optical elenent 51

N
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Y r i i
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50a 50a
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Ll

25 and the diffracted lights |eave the hol ographic optical element 51 as

parallel lights for the respecti 17.
Specifically, the light of the G wavel ength band is diffracted
substantially in the direction of the normal |ine of the hol ographic

optical 30 element 51 and | eaves the hol ographic optical elenent 51
accordi ngl y. wioesnbizght of the R wavel ength band is diffractPSINBISNEE3I  cat er
diffraction angle than that of the light of the G wavel ength band and

| eaves the hol ographic optical elenment 51 at a predeterm ned angle in the
35 direction of the normal |ine of the qgquraphic optical elenment 51. The
light of the B wavel ength band is WO 3175

PCT/ JP96/ 02837 26 diffracted at a snmaller diffraction angle than that of
the light of the G wavel ength band and | eaves the hol ographi c opti cal

el ement 51 at a predetermined angle in the opposite
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‘direction to the outgoing direction of the light of the R 5 wavel ength band
with respect to the normal li-he—af—the—hot-ographtc—optical—etement—51. The
outgoing light fromthe hol ographic optical elenent 51 enters the

i nci dent-side polarization plate 4, which selectively passes specific

pol ari zed light 10 conponents. The |ights passed the inci - oJ

pol ari zat i o'W@PHEESA enter the respective microl enses SOaW{Pﬁ&é&%gndenser

| ens 50 at incident angles which differ wavel ength by wavel ength. The
lights incident to the mcrolenses 50a at the different incident angles are
15 condensed on the associ ated pixels 0{9,:!56 LC cell 7 for corresponding
colors by the mcrol enses 50a as showmn in Fig. 17. Specifically, the light
of the G wavel ength band whi ch has substantially perpendicularly entered
the associated mcrolens 50a is condensed on the associated 20 pixel for G
of the LCcell 7. The light of the R wavel ength band which has entered the
associ ated mcrolens 50a at a predeterm ned angle is condensed on the
associ ated pixel for Rof the LCcell 7. The light of the B
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i ﬂr%d Pi LA.(‘}._ SUNT S35 -
wavel engt h band whi ch has entered the assog¢i ebcribgeio] 1@4}&.% *50@:, 6
b Y]

predeterm ned angle in the opposite directloﬂﬂtb*ﬂﬁp di{@ﬁgsbqﬁo$vkg§._lght
of the R wavel ength band is condensed on t eE&B&@ﬁj@iﬁdprée|gﬁo&i’jof tihe
LC cell 7. Specific polarized |ight conpon ngggg$5£%e 13L4B8 pass, ‘JﬁgﬁFbugh
the LC cell 7 are selectively passed by2th¢ 30 out90|ng |de"bol A zat gn

plate 8. The |ights passed this outgoing-sidg R ri zation pl Yare
proj ect ed dacadentrage bycehéapnoﬁngﬂEonfléhsﬁﬁé mgﬁhéﬂtﬁggﬁn a?_ :
projector, as described above, parallel light emtted fromthe Ianp 1 and
refl ected syncaethsreearecdoffereatddiffaacbuoataagleerﬁqr diffexnenton
angles for the respective R, G and B wavel engt h bands by the WO 97/ 13175
PCT/ JP96/ 0R88% tengshagpfphighbpt Léghtepéneach 5an¢%¢ag{b|entgﬁ$sthﬁth

different incident angles for the respective R, G and B
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 1iquid 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 pluralify of light fluxes of difference
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wavel engt h bands | eave the hol ographic optical element 51. It is therefore
possible to split the light fromthe lanp 1 5 to |ight conponents of

i ndi vi dual wavel ength bands with fewer parts. This feature sinplifies the
structure of the LC projector. Further, the mcrol enses 50a of the
condenser |ens 50 condense the respectivd lights, split by the hol ographic
10 optical elenent 51, on the associated pixels of the LCcell 7 in

accor dancewaivelengéhwbheedsnghle lsplds. lighs flexentsebchhwavelengithl enent ary
col or conponents from bei ng absorbed by color filters or prevents the |ight
from the | hapdlbeiom peirad leii elageld ey tthagbisadkd splitxlByhtThluxes iB
projector can therefore prevent light loss. It is thus possible to inprove
the effici didfesentisidigechdonisgirespesihived iagpdl and acquire a bright
color ifmmge and a bright projected inmage. Mdifications 20 The

hol ogr aphi @ &gciopgl h@ﬁ@ﬁéﬁp@w, optiged slemsad i(§,t A6)fArsaNgedcdAd and
fifth enbodi nents diffract [|ight of any wavel ength band with each
diffractiogu@ﬂgtﬁﬁ@dsplpﬁgglty 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
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l-ight is diffracted at different diffraction angles wavel ength by

wavel ength. That is, although each of the 25 hol ographic optical elenents
used in the first, second and fifth enbodi nents has a single el enent
structure, the structures of those hol ographic optical elenents are not
limted to this type. For instance, a th#ee-layer structure in which three
types of hol ographic optical 30 elenents capable of selectively passing

| i ghts of ahbolegpephiveoRticaidnelBmantel(@hgt A8) n9rbauidiag the .
hol ographi c optical elenments in the first, second and fifth enbodi nents and
the prisnsplorehétyeobndight féuxes bawdsonbhesdarectisefdsSas neans for
splitting parallel 35 light fromthe |anmp. According tQ this inyention
however , aﬁ?r§§§P@§ﬁlﬁﬁag§ ﬁheCwaygﬂﬁpganbaaéﬁtem# Redwdyemesgid by VO
97/ 13175 ) , PCT/ J 96/?2837 2§_mavglength
and enits PH&SBpmeans; J&0/cdRpotonPrefatermiger pixels of said liqui

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 pixeis 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
soufce (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
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by mévelength may be used in placed of the hol ographic optical elenments and
prisnms. The incident-side polarization plate is arranged on 5 the Iight

i ncident side of the optical nmeans (the hol ographi c gpiTcar—ere nd
15 and the prisms 20 and 25) in the first to fourth pnH88iSHERT HASWBEme:
the incident-side polarization plate is arranged on I|QﬁﬁhﬁQﬁQym ng side

of the optical neans in the fifth enbodinent. 10 The incident-sroe—
pol ari zat i 6onopl aakdnéiyrhbwbotogbephicangtdceh elementsilbe. 15hetholograph|c
optical elements in the first to fourth enbodinents and the mcrol enses in
the fifth pmbddteeninadepisedsacfnsand Loauienasrstay deyhes i(Mti dent 15
at different angles for the respective mavelength bands onto predeterm ned
and associ wagelpngshsbapdcbydvayedengkhsbapdéenéndn, however, any optlcal
means whi ch condenses |ights incident_ at different, K angles fo th
respectlveaméVéPéEQFﬁnBaﬁéétSn BReBetBr giAesd Qﬁdwﬁégthaﬁeglﬁﬁﬁels may 20

be used i nstead of ,the nenti hol raphi i,C el ement,s and
n1cro|ense§olograph3c optica e emen%g g? &g) n %Le 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
ﬁavélength 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.
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structure of the mcrolens is not limted to this t
shown in Fig. 19, 25 each of unit pixels may have
and B arranged linearly and each m crol ens 50b nmay
rectangul ar shape in association with thiés unit pixel. t ens
is formed by cyclically arrangi ng those m crol enses 50b. 30 Al t hough
the foregoing description of the first to fifth enbodi nents has been given
of the case where this invention_is adapted tqo an LC projector, this
invention is not linted tBrigfs DeScriptigon SFpPra¥Lings. This invention may
be adapted to a variety of LCD apparat,use mhich,illow 3%. an %bserver to
directly view afifvadeidi SpICEPss G&AHL Jdew pllustyptang $hes

PCT/JPQG/O%%%EC%%re of an LC projector according to the first

-_—
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The LCD appar atuses according to the first to fifth enbodi nents are to be
consrdefed—as—seﬁe—et—adaptabIe fornms, of this invention. This invention can

an LCD appar at us whi ch uses conbi ned two optical neans. How
5 to ﬂ ” ﬂELoptlcal means and the characteristics of those two
optlc | ected to provide3phe desired results through

experlnents CLAINB 1. A liquid crystal display apparatus conprising:
a light source (1, 2) for supplying a cuasMsntially parallel light flux; a
liquid crystal device (7) having nultiple pixels; a first hol ographic
optical elenment (5, 15) arranged to split said substantially parallel |ight
flux fromsaid light source (1, 2) into a plurality of I|ight fluxes of

di f f er ence Wavelfengiquizhrarystadle dignlay iapparatpys eompadis ingveel engt h band

being parallel, and emtting said split light fluxes in
a llght source (I, 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 anglés of said plurality of
light fluxes of different wavelength bands incident to said
second holographic optical elément (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.
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diff ' | pectively; and a second hol ographic optical el enent
(6, 16) arranged to quide said plurality of light fluxes in wavel ength
bands m"uﬂ i | ﬂ%l'j first hol ographic optical elenent (5, 15) to

pr edet!cHuime said liquid crystal device (7) wavel ength band by
wavel engt h band. 2. The liquid crystal3di splay apparatus according to
claim1, wherein each of incident angles of said plurality of light fluxes
of differed. waldleeddgnidacaysitadi désplay spparedusnadroiradimgpiticc a@iintal
element (6, 16) falls within a predeterm ned range including an incident
angl e whi ci nadhieredas 1a.ghitr £xoo isgd defliiiohitesopree ddi-d 2de awsilagr aphi ¢
optical elenment (6, 16) for each of said wavel ength bands of said |ight

f 1 uxes. hdt s3 saildrid risitghiod ogirpphdic @ipddica)l edsareatudSdecording to cl ai m
1, wherein light fromsaid |light source (1, 2) obliquely

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.
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hits said first hol ographic optical elenent (5). 4. The liquid crystal

di spl Tﬂmmn“mﬂ“ﬁml ng to claim3, further conprising a polarisation
pl at e en said light source (1, 2) and said liquid crystal
device %(7F, tWheteby a light flux fromsaid |ight source (1, 2)
perpendicul arly enters said polarisatioBdlate (4). 5. The liquid crystal

di spl ay apparatus_according to_claim1l, wherein said first hol ographic
optical el 8ment A(3iqpsgd ﬁﬁﬂs§aﬂdd§§9éﬁﬂ ABP84ALPAI EOBBLLEANTE| enent (6, 16)

are respectiyel prOV|ded g th sides of ,.a trans aren e

The 11 qui daC|19'§¥‘§l S5 ay Tapfar 208 SHEBYYANAG o UBPEARE LA LIHe PR LA
first holo ﬁFI opti cal elenent (5, 15) and said second hol ogr aphi c
optical el %é i6) are stacked on one side of a transparent plate

unet ei n a @ ARAREY é?;v%?&éitﬁwxih%f’!(éﬁt RRYSHEL MR TP TR pEBa08s (1 ) i s
di T1racted Y RPldol] % ASkA 28Y endRtiGd) 8iATR0bstAneiBhIgecOTes 1 arger

as a wavel & becones
parallel light flux from said light source (1, 2) as a light

flux haviﬁg 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 hologréphic opticai element (21, 26) for each of said

wavelength bands of said light fluxes.
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This is the replracement sheet 32 8. A liquid crystal display apparatus

conpri rce (1, 2) for supplying a substantially paralle

I [ ght ﬁ"[mmmlnlﬁiﬂum yst aI device (7) having nmultiple pixels; prism{(20,
ans ¢for emi t d substantially parallel light flux from sai d

Ilght source (1, 2) as a Ilght flux haviBg a plurality of light fluxes each

having a direction corresponding to its own wavel ength band; and a

hol ographi c optical elenment (21, 26) for guiding the plurality of |ight

fluxes having the directions corresponding to the wavel ength bands emtted

fromsaid prl smA’rda@l(dZ@erE:)a]t &Jpﬁw@at ARRATELYS PGS IWd | qui d

crystal device respectivel The |jquid crystal displ ay appaﬂgtus

accor di ng ta g tms@uﬁm?er(élun %aiﬁ?lbrﬁ‘-kﬁﬁlﬁﬁd]% y B3P standd adslse @a 52 1ok
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
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plurality o i 25a). 10. The liquid crystal display apparatus

accor di i wherei n each of incident angles of said plurality of
| i ght f”mmmﬁ ﬂu t wavel ength bands incident to said hol ographic
optical eleane S fromsaid prismnmeans (20, 25) falls within a
predet erm ned range including an inciden34d angl e which nmaxi mses a
diffraction efficiency of said holographic optical elenment (21, 26) for
each of said wavel ength bands of said |ight fluxes. 33 11. Aliquid
crystal display apparatus conprising: a light source (1, 2) for supplying a
subst ant i abapdpbednigepalriagdelf lamd emiltitdmod seigsspl idedigbt( Tlukes g
mul tiple pixels; a first holographic optical elenent (5, 15) for splitting
sai d subst datfifeientp digleicslionisgespegtiMedmisai d |i ght source (1, 2) into a-
plurality light of fluxes of different .

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.
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wavekengt h bands, the split light flux of each wavel ength band bei ng
paral | eT~and emtting said split light fluxes in different directions
respectively; a second hol ographic optical elenent (6, 16) for guiding said
plurality of light fluxes different in waggl ength bands fromsaid first

hol hi t I . 5, 15) .t det i ned pi xel f idliquid
Crystal debFED popdEiEnin g AR RS EH SV ARE G 1) s par ent.
pl ate, on hot i des _of, which the first Jholagraphi g.aptical el nt (5, 15)
& the seBERaeTEEBARchEL e O saidf i Wt defed {00 (A
?inqui decfgaggg di g%a%%r tdléﬁr GRS u:(a,af?ht sourcl;eﬁ??i, 2) for
suppl ying a su%s#‘?n | éal Yy paYraaI &l %I | g}hht b%l%w(; aqgi quid crystal device (7)
havi | i ' ; fidrst I [ ' ; tes 15) f
opl i 1ting Saraanipstent Rrdse. dpetERldR e M R iEb e o) e (0

21110, S BRSS! 8, 5P s, (e
holographie optical element (5, 15) are arranged.

An LCD apparatus according to a still further aspect of
fhis invention comprises a liquid ctystal'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.
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34 band-being patallel and emtting said split light fluxes in different
directTons respectively; a second hol ographic optical elenent (6, 16) for
guiding said plurality of light fluxes different in wavel ength bands from
said first hol ographic optical elenent (5, 15) to predeterm ned pixels of
said liquid crystal device (7) wavel engt4h band by wavel ength band; and a
transparent plate, on-a side of which the first hol ographic optical el enent

(5, 15) and the second ho'Qﬂiéfh68s891ﬁﬁf£ne&f”ﬁP&wiEgs15) are arranged.

Fig. 1 is a cross-sectional view illustrating the

structure of an LC projector according to the first
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(57) Abstract

Paratiel light, which is emitted from a famp (1) for generating
white light and is refiected by a reflector (2), enters a first holographic
optical clement (5). The first holographic optical element (5) splits
the paralle! light into a plurality of color light components of different
wavelength bands, and emits the light components. The light components
emitted from the first holographic optical element (5) hit a second
holographic optical element (6) at different incident angles wavelength
by wavelength. The second holographic optical element (6) causes lights
of different wavelength bands to be incident to respective pixels of a

liquid crystat device (7).
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