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1002 in the same traveling direction with the P-polarized light.
Thereafter, a polarizing direction thereof is rotated BACKGROUND OF THE
INVENTION                        by a [err] plate 1 003a in the same
direction with the P-po- larized light. The two polarized lights in which
the Field of the Invention                         5  traveling directions
and the polarizing directions are made coincident each other in this way
are then caused The present invention relates to a polarizing element    to
be incident on a [err] plate 1003b. The polarizing direc- comprising the
features of the pre-characterizing clause  tion of the two polarized lights
can be thereby inclined in of claim 1, and an image display device and, a
projector  a direction depending on the optical axis of the [err] plate
incorporating the polarizing element.          10 1003b. A polarizing
element comprising the features of the  Fig. 3 shows an example where
quarter-wave [err] pre-characterizing clause of claim 1 is known from
plate is used in place of the [err] plate. The steps where JP-A-63 271 313.
the S-polarized light is diverted by the total reflection sur- face of the
rectangular prism 1002 in the same traveling Related Background Art
15 direction with the P-polarized light are the same as those shown in Fig.
2. However, [err] plates 111 2a are disposed Fig. 1 illustrates a liquid
crystal projector as an ex-  on the optical paths of two beams of polarized
light so ample of an apparatus using the polarized light. Random  that the
two beams of polarized light respectively be- light emitted from a lamp 909
is condensed by a reflector  come circularly polarized light. Further,
[err] plates 11 12b 910 and converted into a linearly polarized light by a
po- 20 are disposed so that the two beams of circularly polar- larizer 908.
The liquid crystal device (hereinafter abbre-  ized light become
predetermined linearly polarized light. viated to LCD) 906 is illuminated
with this linearly polar-  However, the polarizing elements depicted in
Figs. ized light. The LCD 906 modulates the polarizing direc-  2 and 3
present the following problems. tion of the linearly polarized light. Image
information is  In any case, at least one luminous flux has to pene-
detected by an analyzer 907, and thereafter this image  25 trate a
plurality of phase plates, and hence a loss of light light is projected on
an screen (unillustrated) through a  quantity due tothesurface
reflectionsof the phase plates projection lens 911.
increases. Besides, the plate exhibits a wavelength de- In general,
inexpensive polarizing plates are used  pendency. Therefore, where the
polarizing direction of as the polarizer 908 and the analyzer 907. In
addition,  wide band light such as white light is changed into a cer- those
using polarizing beam splitters have been also pro- 30 tain state, and if,
for instance, the phase plate is designed posed.
with respect to awavelength of G component of the white In any case,
however, a half of the incident random  light, the phases for the B-and-R
components having dif- light is lost due to the polarizer. Hence, there
arises such  ferent wavelengths from that of the G component can not a
problem that a photo utilizing efficiency is bad. To cope  be shifted by
the same quantity with the G component. with this, it is known from, for
example, JP-A-63271313  35 Hence, although the polarizing direction of a
large part to construct a polarizing element such that the random  of the G
component may be set in a predetermined state, light is separated into two
linearly polarized lights by  the polarizing directions of a great majority
of the means of a polarizing beam splitter, a polarizing direction  B-and-R
components may not be, set to such the state. of one polarized light being
rotated to match with a po-  The polarizing element is defined as an
element for larizing direction of the other polarized light, and both po-
40 supplying light assuming a specific polarizing direction, larized lights
being utilized as illumination light.  and therefore it follows that the
light which does not as- The direction of polarization of the linearly
polarized  sume this polarizing direction is not utilized. Conse- light
used as the illumination light is made to coincide  quently, because of the
wavelength dependency of the with an orientating direction of liquid
crystal molecules of  phase plate, a large proportion of the B-and-R compo-
the LCD. The orientating direction of the LCD liquid crys- 45 nents are
lost. Besides, the light from the above-men- tal is typically, as
illustrated in Fig. 4, set at substantially  tioned element assumes a green
color. Such a loss and [err] to an end portion of the LCD. It is because
the con-  coloring augment depending on the number of passages trast is
enhanced when inclining the orientating direction  through the phase
plates. As illustrated in Figs. 2 and 3, of the liquid crystal to the end
portion of the LCD. For    this problem therefore becomes conspicuous in a
mode instance, Figs. 2 and 3 demonstrate methods, as think- 50 to effect
the passagesthrough a pluralityof phase plates. able ones, of inclining the
polarizing direction of the [in-  Especially in Fig. 2, the number of
passages through the early polarized light emitted from the polarizing
element.  phase plates is different between the two beams of po- Referring
to Fig. 2, a half-wave [err] plate is incorporated  larized light. This
causes a difference in light quantity into the example of the
above-mentioned polarizing ele-  therebetween and an imbalance in terms of
color. Addi- ment. The random light is separated into two linearly po- 55
tionally, where the plurality of phase plates are provided, larized lights
S, P through a multi-layered film 1001 of    the costs increases,
correspondingly. Besides, angular the polarizing beam splitter. The
S-polarized light is di-  matching of the optical axes of the phase plates
be- verted by a total reflection surface of a rectangular prism  comes
strict, and the manufacturing steps are also com- 2    
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS SUMMARY OF THE INVENTION
Fig. 5 illustrates an embodiment of the present in- It is an object of the
present invention to provide a  5  vention. A film 101 is provided on a
bonding portion be- polarizing element in which a loss of light quantity is
re-  tween rectangular prisms 102b, 102c. The film 101 is duced and to
provide a correspondingly improved image  formed of a multi-layered film or
the like such as a metal display device and projector.
thin film and incorporates a function to separate unpo- According to one
aspect of the present invention,  larized random light into two beams of
linearly polarized there is provided the polarizing element according to
10 light components orthogonal to each other. A unit gen- claim 1.
erally known as a polarizing beam splitter is constructed According to a
second aspect of the invention, there  by the prisms 102b, 102c and the
film 101. The polarizing is provided the image display device according to
claim  beam splitter is defined as means for separating the in- 7.
cident light into two linearly polarized lights. According to a third
aspect of the invention, there is  15  A rectangular prism 102a is so
provided as to be provided the projector according to claim 8.
contiguous to the prism 102b or bonded thereto. The prism 102a has a bottom
face (indicated by oblique lines) BRIEF DESCRIPTION OF THE DRAWINGS
by which the polarized light penetrating the film 101 of the prism 102b and
travelling forwards is totally reflected. Other objects and advantages of
the present inven- 20 The reflected polarized light is thereby directed to
an op- tion will become apparent du ring the following discussion  tical
path parallel to an optical path of the polarized light taken in
conjunction with the accompanying drawings, in  reflected by the film 101.
This prism 102a serves as which:
means for causing the traveling directions of two beams of polarized light
to be coincident each other. Fig. 1 is an explanatory view of a
conventional exam- 25  [err] plates 1 03a, 103b are so provided as to
tightly pie;                                            contact the prisms
102a, 102c on a path of the light Fig. 2 is an explanatory view of a
conventional exam-   emerging from the prisms 102a, 102c. Optic axes (also
ple;                                             referred to as optical
axis) of the [err] plates 103a, 103b Fig.3 is an explanatoryviewof
aconventional exam-  are set to make an angle of [err] to each other. The
[err] ple;                                         30 plates 103a, 103b are
means for arranging the polarizing Fig. 4 is a diagram illustrating an
orientation of mol-  directions of two beams of polarized light in an
arbitrary ecules of a typical LCD;                        direction. Fig. 5
is a block diagram showing an embodiment of  The operation of this
embodiment will be described the present invention;
with reference to Figs. 6 through 9. Fig. 6 is a view of assistance in
explaining optical  35  To start with, optical paths are illustrated in
Fig. 6. path in the polarizing element shown in Fig. 5;  This Figure is a
view taken from above in Fig. 5. In the Fig. 7 is a view of assistance in
explaining a [err] plate  same embodiment, the like symbols represent the
same in the polarizing element of Fig. 5;            components. The
symbols L, P, S designate beams of Fig. 8 is a view of assistance in
explaining the oper-    light. ation of the [err] plate;
40  , Incident light [err] is, as depicted in the Figure, inci- Fig. 9 is a
view of assistance in explaining the oper-  dent perpendicularly on the
surface of the prism 102c ation of the [err] plate in the polarizing
element of Fig.  from the left side. This incident light [err] is random
light 1;                                              but unpolarized. The
incident light L21 travels through the Fig. 10 is a block diagram showing
another embod-  prism 102c and reaches the film 101. The film 101 is de-
iment of the present invention;              45 signed to the random light
incident thereon with angle of Fig. 11 is a block diagram showing still
another  45 such that only light component having a polarized embodiment of
the present invention;            direction perpendicular to the paper
surface of the figure Fig. 12 is a block diagram illustrating a liquid
crystal  is reflected while light component having a polarized di-
projector using the polarizing element according to  rection parallel to
the paper surface is transmitted there- the present invention;
50 through. The polarized light reflected therefrom is re- Fig. 13
isablockdiagramdepictinga partofafurther  ferred to as S-polarized light,
while the polarized light embodiment of the present invention; and
transmitted through the film is referred to as P-polarized Fig. 14 is a
block diagram illustrating a part of still a  light. In the Figure, these
beams of polarized light are further embodiment of the present invention.
indicated by [err] respectively. 55     Traveling directions of the
polarized light [err] and of the incident light [err] are perpendicularto
each other. The polarized light [err] reflected by the film 101 is emitted
from an exit surface of the prism 102c. This exit surface 3    



5                 EP0507316B1                      6 is provided with a
[err] plate 103a. The polarized light [err]  passage, and hence the exit
light becomes a linearly po- transmits through the [err] plate 103a. At
this time, the  larized light 42. The lights [err] have the same am-
polarizing direction of the polarized light [err] is, though  plitude, and
hence [err] Namely, the angle between perpendicular both to the paper
surface and to the  the optical axis andthe polarized diretion of the
polarized traveling direction, rotated about an arrowof thetraveling  5
light before being incident on the [err] plate are made direction, thereby
becoming a beam of light [err] A func-  equal to the angle between the
optical axis and the po- tion of the [err] plate will hereinafter be
described.  larized direction of the polarized light after exited from On
the other hand, the polarized light P21 transmit-    the [err] plate.
Generally; the [err] plate, as described ted through the film 101 travels
into the prism 102b. The  above, undergoes the incidence of the linearly
polarized polarized light P21 is incident on the prism 102a adjacent 10
light having a polarized direction of 45 to the optical axis to an exit
surface of the prism 102b and totally reflected  and emits the light whose
polarized direction has rotated by an oblique surface of the prism 102a.
Further, an exit    by [err] surface of the prism 102a is provided with a
[err] plate  A means for arranging the polarizing directions ac- 103b. The
polarized light P21 passes through the [err]  cording to the present
invention will be explained refer- plate 103b. At this moment, the
polarizing direction of the  15 ring to Fig. 9. Illustrated additionally in
Fig. 9 to those of incident light P21 is, though parallel to the paper
surface  Fig. 7 are virtual reference axes x, x, y, incident lights but
perpendiculartothe traveling direction, rotated about  [err] and exit
lights [err]. The axes x, [err] are per- an arrow of the traveling
direction, thereby becoming a  pendicular to the axis y. The incident
lights [err] re- beam of light L23.
spectively indicate the S-polarized light and P-polarized One of points of
the present invention is that the op- 20 light, which are the same as [err]
shown in Fig. 6. tical axes of the [err] plates [err] are set such that
The polarized lights travel perpendicular to the paper the polarizing
directions of the light [err] and the light L22  surface from the side
beyond the paper surface. [err] - are made coincident each other.
[err] (angle defined by points u, t and u', where Fig. 7 is a view when
observing the [err] plates 103a,  [err] is the magnitude of angle
constituted by lines tu and 103b from a direction of the exit surface.
Broken lines  25 x, and [err] is the magnitude of angle constituted by
lines 304a, 304b indicate directions of the optical axes of the  tu' and
x'. [err] plates 103a, 103b. The symbols u, u', t denote arbi-  The
explanation begins with 103a. The magnitude trary points on the optical
axes, and t designates an in-  of angle made by the optical axis tu and the
incident light tersection of the broken lines 304a, 304b.         [err] is
05,, and therefore, as explained earlier, the mag- According to the present
invention, the [err] plates  30 nitude of angle made by the optical axis tu
and the exit 103a, 103b are designed so that [err] (angle defined by  light
[err] is also [err] Hence, a magnitude of angle made points u, t and u) =
45. In accordance with this embod-  by y and the exit light [err] is given
by (90 - 2 x [err] iment configured so that [err] the beams of exit  Next,
103b will be described. A magnitude of angle light - e.g., the lights L22
and L23 in Fig. 6 - are emitted  made by the optical axis tu' and the
incident light P21 is to assume the same polarizing direction. The reason
for 35 expressed such as (90 - [err] and therefore, as stated this will be
elucidated with reference to Figs. 8 and 9.  before, a magnitude of angle
made by the optical axis tu' Fig. 8 is a diagram of assistance in
explaining the  and the exit light L23 is also expressed such as (90 -
[err] f unction of the V2 plate. The [err] plate, which is as a kind
Hence, an angle made by the axis y and the exit light [err] of phase plate,
is manufactured by polishing a double    is given by {2 x (90 - [err]
refraction crystal such as crystal, calcite, etc.. The  40  The exit light
[err] and the exit light L23 may be colli- square [err] plate 103 has tu
which is referred to as an  mated for arranging these beams in the same
direction, optical axis 404.                                  and hence
Where a linearly polarized light [err] oscillating in a      [err]
direction [err] from the optical axis 404 is now incident, it can be
considered such that the incident light may be  45 Namely separated into
two linearly polarized light components, i.e., a polarized light
(extraordinary ray) L44 oscillating in      [err] a direction tu and a
polarized light (ordinary ray) L43 OS-  From this and above-mentioned
matters, the angular cillating perpendicularly in the direction tu. An
arrowed  magnitude of [err] is equal to [err] Namely, when mak- direction
is the oscillating direction, viz., the polarizing  50 ing [err] by the two
optical axes tu and tu', this implies direction. If an extraordinary ray
refractive index [err] is    that the polarizing directions are coincident
each other. larger than an ordinary ray refractive index [err] the optical
The incident light defined as the random light can be path length of the
extraordinary ray [err] is longer than  generated by a combination of a
conventional lamp and that of the ordinary ray. The [err] plate is arranged
such  a parabolic reflector. According to the present invention, that a
phase difference is caused between the two rays  55 as obvious from the
embodiment discussed above, the afterpassingtherethrough in this manner,
and this phase  exit surface is twice as wide as the incident surface, and
difference is set to [err] (1/2 wavelength). For this reason,  hence an
aperture of the reflector can be diminished. the two rays become beams of
light [err] after the  Another embodiment is demonstrated by Fig. 10. 4    
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602b, 602c correspond [err]      In accordance with this embodiment, the
incident 102c. The symbols 601, 602b, 602c designate means   light is
separated into two linearly polarized lights, and forseparatingthe random
light intotwo linearly polarized  the polarized directions are aligned in
the same direction lights, i.e. a so-called polarizing beam splitter.
Incident  when observing them from the illuminated body, and random light
[err] is separated into two linearly polarized  5  thereafter the traveling
directions are aligned. light [err] by means of 601. The light perr] is
con-   A [err] plate 703b is so provided as to tightly contact ceived as
linearly polarized light assuming a polarized  with a rectangular prism
702b. Incident light [err] is sep- direction perpendicular to the paper
surface, while the  arated by 701 into two linearly polarized light P71,
[err] light [err] is conceived as linearly polarized light assuming  which
are emitted from the prisms 702c, 702b and simul- a polarized direction
parallel to the papersurface but per-  10 taneously transmit through the
[err] plates 703a, 703b, pendicular to the traveling direction.
respectively. At this moment, the polarized directions of A mirror 605 is
means for causing the traveling di-    the two polarized lights [err]are
rotated about the rections of two polarized lights to be coincident each
oth-  traveling direction, thereby aligning the polarizing direc- er. The
mirror 605 makes an angle of 45 to the exit sur-  tions when being viewed
from the illuminated body. face of the prism 602b. An edge of the mirror
contacts a  15  Optical axes of the [err] plates 703a, 703b are set to
right-angled edge of the prism 602b. This mirror is ob-  make an angle of
[err] to each other when being projected tained by polishing an aluminum
material or coating a  along the optical path on the illuminated body.
glass material with a multi-layered thin film. A refiectivity  In the case
of this embodiment, the [err] plate 703b thereof preferably approximates to
100 %. If the reflec-  is interposed between the mirror705 andthe
rectangular tivity is small, there arises a possibility of causing a dif-
20 prism 702b. Hence, there is a possibility where the splic- ference in
light quantity between the exit light [err] and  es become conspicuous on
the illuminated body illumi- the exit light [err] In this case, a light
reducing element  nated with the beams of exit light L72, [err] In this
case, such as an ND filter is provided on the optical path of the  as
described above, the splices are made inconspicuous exit light [err]
thereby equalizing the light quantities of the  so as to overlap the beams
of exit light [err] beams of exit light [err]                      Fig. 12
illustrates a projector using the polarizing el- [err] plates 603a, 603b
correspond to 103a, 103b and  ement according to this invention. The
numerals 801 to are means for aligning the polarizing directions of two
803 correspond to 101 to 103. These components are polarized lights. The
function thereof is as described  means for separating incident random
light [err] into two above. The two polarized light [err] pass through the
linearly polarized light [err] and for causing the [err] plates 603a, 603b,
wherebythese beams are emitted  30 traveling directions and polarizing
directions to be re- as exit light [err]assuming the same polarized direc-
spectively coincident. Two-sided arrows with which the tion.
linearly polarized lights [err] are marked indicate the In case of
insufficient accuracy of a joining portion  polarizing directions. between
the mirror 605 and the rectangular prism 602b   The linearly polarized
lights [err]transmit and also insufficient accuracy of a joining portion
be- 35 through the [err] plates [err] 803b, thereby becoming lin- tween the
[err] plates 603a, 603b, there appear in some  early polarized lights [err]
whose polarized directions cases splices of illumination light on a body
illuminated  are coincident each other. This will hereinafter be ex- with
the beams of exit light [err] In this case, the an-  plained. gle made
bythe mirror60 andthe rectangularprism602b     The linearly polarized
lights L82, L83 are incident is not set at 45 but may be adjusted several
times. For 40 upon an LCD 806. The LCD 806 is, as in the same way instance,
if set to be smaller than [err] at least a part of  with the conventional
example, constructed such that an the exit light [err] is overlapped with
the exit light [err] with  orientation of the crystal is inclined to the
end of the LCD the result that the splices are not conspicuous. Further,
by 45. This LCD is separated into a multiplicity of pixels. a wedge-like
glass element is provided on the optical  Further, a multiplicity of liquid
crystal molecules are ar- path of the exit light [err] at least a part of
the exit light 45  rayed in the respective pixels. In accordance with input
[err] is overlapped with the exit light [err] with the intention  signals,
the array of the liquid crystal molecules varies of making the splices
inconspicuous. Similarly, the  per pixel, and an image modulation is
effected by rotating wedge-like glass element may be provided on the
optical  the polarizing direction of the polarized light. The light path of
the exit light L62 or on the optical paths both of  undergoing the image
modulation is detected as neces- [err]                                  50
sary optical information [err] by means of an analyzer 807. Still another
embodiment is demonstrated by Fig.  The light is then projected on an
unillustrated screen by 11. The symbols 701 to 705, L71 to [err] [err]  a
projection lens 811. The analyzer 807 involves the use respond to 601 to
605, [err], respec-  of a polarizing plate, a polarizing beam splitter and
the tively.                                             like. In the
above-described two embodiments, the inci- 55  A light source is not
illustrated in this embodiment. dent natural light is separated into two
linearly polarized  However, as in the prior arts, a combination of the
lamp lights, and the polarized directions are aligned after  and the
reflector or a laser CRT may be thinkable as a aligning the traveling
directions.                   light source.    9
EP0607316B1                     10 



A color projector may be provided by following man-  clude those capable of
separating the incident light into ner.
a pair of polarized light beams orthogonal to each other Interposed also
between the [err] plate 803 and the  such as a Glan-Thompson prism, a
Wollaston prism and LCD 806 is color separating means which employs a ma-
a Rochon prism. torial such as a dichroic film or halogram exhibiting a  5
Fig. 13 is a sectional view depicting a part of another wavelength
selectivity, for separating the white light into  embodiment of the
polarizing element acording to the respective color components R, G, B. The
LCDs are pro-  present invention. vided corresponding to the respective
color components  Designated at 1313 is a lens array in which a plurality
R, G, B. A color synthesizing means for synthesizing the  of cylindrical
lenses each composed of an optical mate- respective color components R, G,
B which have under- 10 rial exhibiting a double refractivity are arranged
within the gone the image modulations by the LCDs is disposed  same plane.
Indicated at 1303a, 1301b are [err] plates between the LCD 806 and the
analyzer 807 or between  each made of an optically active substance. the
analyzer 807 and the projection lens 808. A color pro-  The cylindrical
lens 1313 is composed of the optical jector is thus attainable. Besides,
the effects may be ex-  material exhibiting the double refractivity to have
an or- hibited not only by the 3-color separate synthesization of 15 dinary
ray refractive index [err] in an intra-paper-sur- R, G. B but also 2-color
or multicolor separate synthesi-    face-direction and an extraordinary ray
refractive index zation.                                           [err] in
a direction perpendicular to the paper surface. The following is an
explanation of the [err] plates  The incident surface has acurvature of
1/r, while the 803a, 803b with reference to Fig. 9.              exit
surface is plane. In such a condenser lens, a focal The [err] plates 803a,
803b correspond to 103a, 20 distance is given approximatively by [err] =
r/(n0 - 1) with 103b. In addition, the polarized directions of the polar-
respecttothenormal ray and by [err] withrespect ized lights [err]
correspondstothose of [err]    to the extraordinary ray. In accordance with
this embod- [err]                                   iment, [err] In the LCD
806, the liquid crystal is oriented in a di-  Of parallel beams (a) of the
random light, luminous rection inclined at 45 degrees to the end portion of
the 25 fluxes of component assuming the intra-paper-surface LCD shown in
the conventional example. Therefore, the  polarizing direction are
condensed at a position of the linearly polarized light assuming such the
polarized di-    focal distance [err] as normal rays, while luminous fluxes
rection is required. Namely, the polarized directions of  of component
assuming the polarizing direction perpen- two linearly polarized lights
[err] orthogonal to each  dicular to the paper surface are condensed at a
position other are respectively rotated by [err] and the optical axis 30 of
the focal distance [err] as extraordinary rays. of the [err] plate is set
so that these beams are emitted  The [err] plate 1303a has a slit 131 4a
disposed in the as Consequently, a required illumination of the  condensing
position of an extraordinary ray Le. On the linearly polarized light can be
obtained.         otherhand, the [err] plate 1303b has a slit 1314b
disposed As obvious from Fig. 9, if [err]  in the condensing position of an
ordinary ray Lo. These = 45, the beams of light [err] are rotated through
35 slits 1314a, 1314b serve to eliminate the optical rotatory [err] thereby
becoming L22, L23. At this moment, 051 =  power on the respective
extraordinary and ordinary rays [err] This, as explained before, satis-  of
the [err] plates 1303a, 1303b. ties the angle utu' = [err], where utu' is
the  The optical axis of the [err] plate 1303a is set at [err] angle made
by the two optical axes.               to the paper surface. For this
reason, the ordinary ray Lo Note that the present invention is not limited
to the  40 undergoes action of the [err] plate 1303a when passing
embodiments discussed above. A variety of construc-    through the [err]
plate 1303a and thereby becomes a lin- tions are, as a matter of course,
possible within a range  early polarized light L assuming such a polarizing
direc- which does not depart from the gist of the invention. For    tion as
to make 45 degrees to the paper surface. On the example, the two luminous
fluxes from the polarizing il-    other hand, the extraordinary ray Le
passes through the lumination system are not necessarily parallel to each
45 slit 131 4a and therefore undergoes no action of the [err] other. An
angle made by the two luminous fluxes may be  plate 1303a. given
bychangingtheangleofthetotal reflectionsurface  The optical axis of the
[err] plate 1303b makes an of the rectangular prism 102a of Fig. 1 or the
angles at  angle of 67.5 degrees to the paper surface and set at 45 which
the mirrors 605, 705 are inclined or disposing a  degrees to the optical
axis of the [err] plate 1303a. For wedge-like glass element in at least one
optical path. 50 this reason, the extraordinary ray Le undergoes the ac-
Further, as means for separating the incident light into    tion of the /2
plate 1303b when passing through the /2 two linearly polarized light, i.e.,
the P-polarized light and  plate 1303b and thereby becomes a linearly
polarized the S-polarized light, the following members may be em-  light L
assuming such a polarizing direction as to make ployed separately depending
on the purposes. These  45 degrees to the paper surface as in the same way
with members are not only the polarizing beam splitter shown  55 the
ordinary ray Lo. On the other hand, the ordinary ray herein but also a
double refractive lens made of an op-  Lo which has previously been
subjected to the action of tically uniaxial material represented by an
embodiment    the VJ2 plate 1303a travels through the slit 1314b and which
will be described later. These members further in-    therefore undergoes
no action of the [err] plate 1303b. 6    11                 EP0607316B1
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As shown above, if the optical axes of the [err] plates  have an ordinary
ray refractive index [err] in the intra-pa- 1303a, 1303b are set to make
substantially 45 degrees  per-surface direction and an extraordinary ray
refractive when being viewed from the side of the exit light, both  index
[err] in the direction perpendicular to the paper sur- the extraordinary
ray and the ordinary ray can be con-  face. An incident luminous flux (a)
is condensed by verted into linearly polarized lights assuming the same  5
means of the lens array 1413a, wherein the focal dis- polarizing direction.
Thereafter, when the optical axes of    tance f = r/(n - 1). Because of
providing the complex re- the [err] plates 1303a, 1303b are set within the
range  fractive plate 1413b, a condensing position deviates by which does
not depart from the conditions thereof, it is  [err] = d (1 - [err] with
respect to the ordinary ray on the possible to obtain the linearly
polarized light assuming a  exit side and by [err] = d (1 - [err] with
respect to the ex- desired polarized direction other than the polarized di-
10 traordinary ray on the exit side (where d is the thickness rection which
makes 45 degrees tothe paper surface as  of the double refractive plate
1413b). The [err] plates shown in this embodiment.
1403a, 1403b each formed with a slit or pin-hole are dis- This embodiment
deal with the luminous fluxes of  posed in the respective focusing
positions. incidence as a plurality of luminous fluxes, wherein the  The
operation of this embodiment is the same as luminous flux is incident per
unit element. When increas-  15 that of the preceding embodiment, and the
description ing the number of divisions, an effect of reduction in size
thereof is omitted. According to the present invention, it can be expected.
Hence, a distance from the light source  is not required that the double
refractive member is proc- to the LCD can be decreased, thereby improving a
con-  essed anew into a lens array, and hence the costs can densing
efficiency of the illumination light.      be reduced. In the embodiments
discussed above, the Besides, the respective gaps between the members 20
polarized directions are rotated by transmitting two line- 1313,1303a,
1303b are presumed as air gaps. However,  arly polarized lights through the
[err] plate. However, a glass or the like is sealed thereinto to form these
mem-  [err] plate admits two linearly polarized lights and again bers into
one united body. Alternatively, a fly eye lens  transmits the light via a
reflection member, so that the may be used in place of the cylindrical lens
1313. In this  exit light whose polarizing direction is rotated can be ob-
case, however, 1314a, 1314b will be not the slits but 25 tained. Namely, in
this case, the light beams are caused pin-holes. Further, as a matter of
course, it is possible to    to transmit the A/4 plate twice through the
reflection adopt such a mode that the cylindrical lens 1313 is not  member,
thereby giving the same function as that of the arrayed but may be
constructed as a single birefringence  [err] plate. Further, the same
effects are acquired not only lens.
by the phase plate but also by other substances such as In accordance with
this embodiment, the exit surface  30 a liquid crystal exhibiting the
optical rotatory power. The of the cylindrical lens is formed as a plane
surface. How-  present invention is applicable to all devices such as an
ever, the incident surface may be plane, and a lenticular  automobile head
light requiring the linearly polarized lens having curved surfaces on both
sides may also be  light other than devices such as a liquid crystal
printer employed. In addition, a Fresnel lens may be used as a  head using
a liquid crystal-optical shutter in which the condensing means which
employs the optical element 35 LCD is irradiated with the light. exhibiting
the double refractivity. The polarizing element  As explained above,
according tothe present inven- in this embodiment is constructed as a
compact plate    tion, the polarized directions of two linearly polarized
light type element and is therefore suitable for the projector.  can be
matched with the orientating direction of the liquid Besides, the
polarizing element can be, because of its  crystal by use of a single phase
plate for one optical path. being compact, provided per LCD corresponding
to each  40 It is therefore possible to obtain the polarized illumination
color of a color projector. The [err] plate having the wave-  light having
a good photo utilizing efficiency in an arbi- length dependency can be
constructed for every color,    trary polarized direction. Besides, the
number of factors and hence it is feasible to increase a photo utilizing
effi-    for matching the angle of the optical axis of the phase ciency and
actualize a good color reproducibility.  plate during the manufacturing
process is decreased. Fig. 14 is a sectional view showing a part of still
an- 45 The color imbalance and the surface reflection of the other
embodiment of the polarizing element according to  phase plate can be
minimized. This in turn makes it pos- the present invention.
sible to obtain the polarizing element the costs of which In this
embodiment, a lens array 1413a and adouble  are reduced more remarkably
than in the prior arts. refractive plate 1413b are employed as a condensing
The projector according to the present invention, means using the optical
element exhibiting the double  50 presents such merits that the LCD can be
illuminated refractivity in the polarizing illumination system. [err]  with
the linearly polarized light assuming the polarized plates 1403a, 1403b are
the same as those in the previ-    direction having the angle optimal to
the orientation of ous embodiment. A lens array 1413a is a lens made of
the liquid crystal and other various conditions; and the an isotropy
optical material having a refractive index n;  bright image with a high
contrast but with no ununiformity and its focal distance is expressed such
as f = r/(n-1), 55 can be provided. where the curvature of the incident
surface is given by  Although the illustrative embodiments of the present
1/r. On the other hand, the double refractive plate 1413b  invention have
been described in detail with reference to is composed of a double
refractive optical material to    the accompanying drawings, it is to be
understood that 7    13                 EP 0 507 316 B1                  14



the present invention is not limited to those embodi-  5. A polarizing
element according to claim 3, wherein ments. Various changes or
modifications may be effect-  said converging means consists of a lens
array ed therein by one skilled in the art without departing from  (1413a)
and a plate (1413b) exhibiting a double the scope of the invention.
refractivity, and said first and second half-wave 5      plates
(1403a,1403b) include arrays of openings which correspond to said lens
arrays. Claims 6. A polarizing element according to any one of claims 1. A
polarizing element comprising:                     1 to 5, wherein when a
liquid crystal device (806) is 10    illuminated with said first linearly
polarized light and separating means (101,102b,102c;601,602b,       said
second linearly polarized light whose polarized 602c;701,702b,702c;
801,802b,802c; 1313; 141     directions are coincident, optical axes of
said first 3a,1413b) for separating incident light into first  and second
half-wave plates (803a,806) are set so linearly polarized light and second
linearly    that an orientating direction of liquid crystal mole- polarized
light, the directions of polarization of  15  cules of said liquid crystal
device substantially coin- which are orthogonal to each other; and
cides with the directions of polarization of said first a first half-wave
plate (103a;603a;703a;803a;   linearly polarized light and of said second
linearly 1303a;1403a) for rotating the polarized direc-  polarized light.
tion of said first linearly polarized light; charac- terized by
20 7. An image display device comprising: a second half-wave plate (103b;
603b;703b; 803b;1303b;1403b) for rotating the polarized        a polarizing
element (801, 802a, 802b, 802c, direction of said second linearly polarized
light,  803a, 803b) as defined in claim 1; and wherein said first and
second half-wave plates      image forming means ((806,807) for forming an
are disposed sothat the directions of the optical 25  image by modulating
the linearly polarized light axes (304a,304b) of said first and second
received from said polarizing element. half-wave plates make an angle of 45
degrees with respect to each other.                  8. A projector
comprising: 2. A polarizing element according to claim 1, wherein  30  an
image display device (801, 802a, 802b, said separating means includes
reflecting means         802c, 803a, 803b) as defined in claim 7; and (101,
102a;601,605;701,705;801,802a) for effecting      projecting means (811)
for projecting the image the separation by transmitting said first linearly
formed by said image display device. polarized light and reflecting said
second linearly polarized light and collimating optical paths of said  35
9. A projector according to claim 8, wherein said image first linearly
polarized light and said second linearly  forming means (806,807) is
constructed of three polarized light which have been separated.
image forming units corresponding to three primary colors A, G and B, and
wherein color separating 3. A polarizing element according to claim 1,
wherein   means for separating the light from said light source said
separating means (1313;1413a,1413b) con- 40    into beams assuming said
three primary colors R, G sists of converging means for converging said
first  and B and for making said beams incident on said linearly polarized
light and said second linearly   image forming units corresponding thereto
are inter- polarized light on positions different from each other,  posed
between said image forming means and a said first and second half-wave
plates (1 303a,     light source emitting the light incident on said polar-
1303b; 1403a,1403b) are respectively formed with  45  izing element.
predetermined openings (1314a,1314b), and said first and second half-wave
plates are disposed so  10. A projector according to claim 9 further
comprising: that said respective openings are provided in said  three
polarizing elements as defined in claim 1 dis- respective converging
positions.                    posed on respective optical paths of the
beams of 50     said three primary colours R, G and B. 4. A polarizing
element according to claim 3, wherein said converging means is composed of
a lens array (1313) in which a plurality of elements each exhibit-
Patentansprflche ing a double refractivity are arrayed, and each of said
first and second half-wave plates (1303a, 55  1. Polarisationselement,
umfassend: 1303b) includes an array of openings (1314a, 1314b)
corresponding respectively to said arrayed      Trenneinrichtungen (101,
102b, 102c; 601, elements.
602b, 602c; 701, 702b, 702c; 801, 802b, 802c;    13                 EP 0
507 316 B1                  14 the present invention is not limited to
those embodi-  5. A polarizing element according to claim 3, wherein ments.
Various changes or modifications may be effect-  said converging means
consists of a lens array 



ed therein by one skilled in the art without departing from  (1413a) and a
plate (1413b) exhibiting a double the scope of the invention.
refractivity, and said first and second half-wave 5      plates
(1403a,1403b) include arrays of openings which correspond to said lens
arrays. Claims 6. A polarizing element according to any one of claims 1. A
polarizing element comprising:                     1 to 5, wherein when a
liquid crystal device (806) is 10    illuminated with said first linearly
polarized light and separating means (101,102b,102c;601,602b,       said
second linearly polarized light whose polarized 602c;701,702b,702c;
801,802b,802c;1313;141       directions are coincident, optical axes of
said first 3a,1413b) for separating incident light into first  and second
half-wave plates (803a,806) are set so linearly polarized light and second
linearly    that an orientating direction of liquid crystal mole- polarized
light, the directions of polarization of  15  cules of said liquid crystal
device substantially coin- which are orthogonal to each other, and
cides with the directions of polarization of said first a first half-wave
plate (103a;603a;703a;803a;   linearly polarized light and of said second
linearly 1303a;1 403a) for rotating the polarized direc-  polarized light.
tion of said first linearly polarized light; charac- terized by
20 7. An image display device comprising: a second half-wave plate (103b;
603b;703b; 803b;1303b;1403b) for rotating the polarized        a polarizing
element (801, 802a, 802b, 802c, direction of said second linearly polarized
light,  803a, 803b) as defined in claim 1; and wherein said first and
second half-wave plates      image forming means ((806,807) for forming an
are disposed sothat the directions of the optical 25  image by modulating
the linearly polarized light axes (304a,304b) of said first and second
received from said polarizing element. half-wave plates make an angle of 45
degrees with respect to each other.                  8.  A projector
comprising: 2. A polarizing element according to claim 1, wherein  30  an
image display device (801, 802a, 802b, said separating means includes
reflecting means        802c, 803a, 803b) as defined in claim 7; and (101,
102a;601,605;701,705;801,802a) for effecting     projecting means (811) for
projecting the image the separation by transmitting said first linearly
formed by said image display device. polarized light and reflecting said
second linearly polarized light and collimating optical paths of said  35
9. A projector according to claim 8, wherein said image first linearly
polarized light and said second linearly  forming means (806,807) is
constructed of three polarized light which have been separated.
image forming units corresponding to three primary colors R, G and B, and
wherein color separating 3. A polarizing element according to claim 1,
wherein   means for separating the light from said light source said
separating means (1313;1413a,1413b) con- 40    into beams assuming said
three primary colors R, G sists of converging means for converging said
first  and B and for making said beams incident on said linearly polarized
light and said second linearly   image forming units corresponding thereto
are inter- polarized light on positions different from each other,  posed
between said image forming means and a said first and second half-wave
plates (1 303a,    light source emitting the light incident on said polar-
1303b;1403a,1403b) are respectively formed with  45    izing element.
predetermined openings (1314a,1314b), and said first and second half-wave
plates are disposed so  10. A projector according to claim 9 further
comprising: that said respective openings are provided in said  three
polarizing elements as defined in claim 1 dis- respective converging
positions.                    posed on respective optical paths of the
beams of 50     said three primary colours R, G and B. 4. A polarizing
element according to claim 3, wherein said converging means is composed of
a lens array (1313) in which a plurality of elements each exhibit-
PatentansprOche ing a double refractivity are arrayed, and each of said
first and second half-wave plates (1 303a, 55  1. Polarisationselement,
umfassend: 1303b) includes an array of openings (1314a, 1314b)
corresponding respectively to said arrayed      Trenneinrichtungen (101,
102b, 102c; 601, elements.
602b, 602c; 701, 702b, 702c; 801, 802b, 802c; 8
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1313; 1413a, 141 3b) zum Trennen von eintre-  6. Polarisationselement nach
einem der AnsprOche 1 tendem Licht in erstes linear polarisiertes Licht
bis 5, bei dem, wenn esine Flfssigkristallvorrichtung 



und zweites linear polarisiertes Licht, dessen  (806) mit dem ersten linear
polarisierten Licht und Polarisationsrichtungen senkrecht zu einander   dem
zweiten linear polarisierten Licht beleuchtet sind; und sine erste
Halbwellenplatte (103a;  5  wird, deren Polarisationsrichtungen
zusammenfal- 603a; 703a; 803a; 1303a; 1403a) zum Drehen      len, die
optischen Achsen von der ersten und zwei- der Polarisationsrichtung des
ersten linear pola-  ten Halbwellenplatte (803a, 806) so eingestellt sind,
risierten Lichts;                               daB esine
Orientierungsrichtung der FlOssigkristall- gekennzeichnet durch
molekOle der FlOssigkristalivorrichtung im wesentli- eine zweite
Halbwellenplatte (103b; 603b;  10   chen mit der Polarisationsrichtung von
dem ersten 703b; 803b; 1303b; 1403b) zum Drehen der       linear
polarisierten Licht und dem zweiten linear Polarisationsrichtung des
zweiten linear polari-  polarisierten Licht zusammenfallt. sierten Lichts,
wobei die erste und zweite Halb- wellenplatten so angeordnet sind, da3 die
Rich-  7. Bildanzeigevorrichtung, umfassend: tungen der optischen Achsen
(304a, 304b) von  t5 der ersten und zweiten Halbwellenplatte einen      sin
Polarisationselement (801, 802a, 802b, Winkel von 45 Grad in bezug
aufeinander bil-       802c, 803a, 803b) nach Anspruch 1; und den.
Bilderzeugungseinrichtungen (806, 807) zum Erzeugen sines Bildes durch
Modulieren des 2. Polarisationselement nach Anspruch 1, bei dem die  20
linear polarisierten Lichts, das von dem Polari- Trenneinrichtung
Reflexionseinrichtungen  (101,       sationselement erhalten worden ist.
102a; 601, 605; 701, 705; 801, 802a) umfaBt, um die Trennung zu bewirken,
indem das erste linear  8. Projektor, umfassend: polarisierte Licht
transmittiert wird und das zweite linear polarisierte Licht reflektiert
wird und die opti- 25  sine Bildanzeigevorrichtung (801, 802a, 802b, schen
Wege von dem ersten linear polarisierten         802c, 803a, 803b) nach
Anspruch 7; und Licht und dem zweiten linear polarisierten Licht, die
Projektionseinrichtungen (811) zum Projizieren getrennt worden sind,
parallel gerichtet werden.       des durch die Bildanzeigevorrichtung
erzeug- ten Bildes. 3. Polarisationselement nach Anspruch 1, bei dem die
30 Trenneinrichtung (1313; 1413a, 1413b) aus B(ndel-  9. Projektor nach
Anspruch 8, bei dem die Bilderzeu- einrichtungen zum Bfndeln des ersten
linear pola-  gungseinrichtung (806, 807) aus drei Bilderzeu- risierten
Lichts und des zweiten linear polarisierten  gungseinheiten autgebaut ist,
die drei Grundfarben Lichts auf voneinander verschiedenen Positionen    R,
G und B entsprechen, und wobei Farbtrennein- besteht, wobei die erste und
zweite Halbwellen- 35  richtungen zum Trennen des Lichts von der Licht-
platte (1303a, 1303b; 1403a, 1403b) jeweils mitvor-  quelle in Strahlen,
die die drei Grundfarben R, G und bestimmten Offnungen (1 314a, 131 4b)
gebildet sind  B annehmen, und um die Strahlen auf die den drei und die
erste und zweite Halbwellenplatte so ange-  Grundfarben entsprechenden
Bilderzeugungsein- ordnet sind, daB die jeweiligen fnungen in den
heiten einfallen zu lassen, zwischen die Bilderzeu- jeweiligen
BOndelpositionen angeordnet sind.  40   gungseinrichtung und sine
Lichtquelle, die das in das Polarisationselement eintretende Licht emittie-
4. Polarisationselement nach Anspruch 3, be! dem die   ren,
dazwischengeschoben sind. BOndeleinrichtung aus einer Linsenanordnung
(1313) zusammengesetzt ist, in der eine Vielzahl  10. Projektor nach
Anspruch 9, femer umfassend: drei von Elementen, die jeweils Doppelbrechung
zeigen, 45  Polarisationselemente nach Anspruch 1, die auf den angeordnet
sind, und jede der ersten und zweiten   entsprechenden optischen Wagon der
Strahlen der Halbwellenplatte (1 303a, 1303b) sine Anordnung    drei
Grundfarben R, G und B angeordnet sind. von Offnungen (1314a, 1314b)
umfaBt, die jeweils den angeordneten Elementen entspricht 50 Revendlcatlons
5. Polarisationselement nach Anspruch 3, bei dem die B0ndeleinrichtung aus
einer Linsenanordnung     1. Elenment polarisant comprenant: (1413a) und
einer Platte (1413b), die Doppelbre- chung zeigt, besteht und die erate und
zweite Halb-    un moyen (101, 102b, 102c; 601, 602b, 602c; wellenplatten
(1 403a, 1403b) Anordnungen aus iff- 55  701, 702b, 702c; 801, 802b, 802c;
1313; 1413a; nungen enthalten, die den Linsenanordnungen ent-       141 3b)
de separation pour separer une lumiere sprechen.
incidents en une premiere lumiere polarisee lineairement et une seconds
lumiere polaris6e 9                       I      1111111     Hi S111111111
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les directions de polarisation  6. Element polarisant s6lon l'une
quelconque des sont orthogonales l'une  l'autre; et
revendications 1 a 5, dans lequel, lorsqu'un dispo- 



une premibre lame (103a; 603a; 703a; 803a;      sitif (806) a cristal
liquide est eclair6 par ladite pro- 1 303a; 1403a) demi-onde pour faire
tourner la  miere lumibre polarisee lin6airement et par ladite direction de
polarisation de ladite premiere  6  seconds lumibre polarisee lineairement
dont les lumiere polarisse lineairement, caract6ris6 par  directions de
polarisation coincident, les axes opti- une seconds lame (103b; 603b; 703b;
803b;       ques desdites premibre et seconds lames (803a, 1303b; 1403b)
demi-onde pour faire tourner la   806) demi-onde sont fixes de fagon quo la
direction direction de polarisation de ladite seconde     d'orientation des
molecules de cristal liquids dudit lumiere polarisee lineairement, lesdites
pro-  10  dispositif & cristal liquids coincide sonsiblement miere et
seconde lames demi-onde etant dispo-   avec les directions de polarisation
de ladite premiere seos de facon quo les directions des axes opti-  lumibre
polarisee lin6airement et de ladite secondo ques  (304a,304b) desdites
premibre  et        lumibre polarisee lin6airement. seconde lames demi-onde
forment un angle de 450 l'un par rapport & l'autre.          15 7.
Dispositif d'affichage d'image comprenant: 2. Alement polarisant solon la
revendication 1, dane       un el6ment (801, 802a, 802b, 802c, 803a, 803b)
lequel ledit moyen de separation comporte un            polarisant tel quo
d6fini dans la revendication 1; moyen (101, 102a; 601, 605; 701, 705; 801,
802a)        et reflechissant pour effectuer la separation par trans- 20
un moyen (806,807) de formation d'image pour mission de ladite premibre
lumibre polarise6e lineai-   former une image par modulation de la lumibre
rement et par reflexion de ladite seconds lumibre       polarisee
lin6airement reoue dudit element polarisee lineairement, et pour collimator
les trajets  polarisant. optiques de ladite promibre lumibre polarisee
lineai- rement et de ladite seconds lumiere polarie6e lineai- 25 8.
Projecteur comprenant: rement qui ont ete s6parees. un dispositif (801,
802a, 802b, 802c, 803a, 3. Element polarisant selon la revendication 1,
dans       803b) d'affichage d'image tel quo defini dans la loquel ledit
moyen (1313; 1413a, 141 3b) de separa-    revendication 7; at tion est
constitue d'un moyen de convergence pour 30    un moyen (811) de projection
pour projeter fairs converger ladite premibre lumibre polarisee
l'image form6e par ledit dispositif d'affichage lineairement et ladite
seconds lumibre polaris6e        d'image. lineairement sur des positions
differentes I'une de l'autre, lesdites premiere et seconds lames (1 303a,
9. Projecteur solon la revendication 8, dans lequel ledit 1303b; 1403a,
1403b) demi-onde sont respective- 35  moyen (806, 807) de formation d'image
set consti- ment muniese d'ouvertures (1314a, 1314b) predeter-  tud de
trois unit6s de formation d'image correspon- mindes, et lesdites promiere
et seconde lames       dant a trois couleurs primaires R, V ot B, et dans
demi-onde sont disposees de fagon quo lesdites      lequel des moyens de
separation des couleurs pour ouvertures respectives solent form6ees
auxdites     separer la lumibre provenant de ladite source de positions de
convergence respectives.        40     lumibre en des faisceaux pr6sentant
lesdites trois couleurs primaires R, V at B. et pour fairs en sorte 4.
Element polarisant salon la revendication 3, dans    quo lesdits faisceaux
soient incidents sur lesdites loquel ledit moyen de convergence est compose
unit~s de formation d'image en correspondance d'une matrice (1313) de
lentilles dans laquolle plu-  avec colles-ci, sont interposes entre ledit
moyen de sioure elements prdesentant chacun une double  46    formation
d'image et une source de lumiere emet- r6fringence sont disposeds en une
matrice, et cha-  tant la lumibre incidente sur ledit 6lement polarisant.
cune desdites premibre et secondo lames (1303a, 1303b) demi-onde comporte
une matrice d'ouvertu-  10. Projecteur solon la revendication 9, comprenant
on res (1 314a, 1 314b) correspondant respectivement   outre: auxdits
6l6ments agences on matrice.         s0         trois 6l6ments polarisants
tels quo dMfinis dans la revendication 1, disposes sur des trajets 5.
El6ment polarisant selon la revendication 3, dans    optiques respectifs
des faisceaux desdites trois cou- lequel ledit moyen de convergence est
constftu6     leurs primaires R, V et B. d'une matrice (1413a) de lentilles
et d'une lame (141 Sb) presentant une double refringence, et les- s5 dites
premiere et seconde lames (1403a, 1403b) demi-onde comportent des matrices
douvertures qui correspondent auxdites matrices de lentilles. I   II
1|1|111|1ll H11   111 ....    


