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Abstract Title: Polarised light transmission screen with patterned and unpatterned retarders

A polarized light transmission screen 30, for a stereoscopic image displaying apparatus are able to
display a clear stereoscopic image with low crosstalk over a wide range of wavelengths, includes a
patterned retarder 34 having, along a vertical direction, first rotation regions, an optical axis of which
forms £22.5 degrees with respect to the polarization axis of the linearly polarized light emitted into the
polarized light transmission screen having a polarization axis of a specific direction; and second rotation
regions, an optical principle axis of which forms +45 degrees with respect to the optical axis of the first
rotation regions. The first and second rotation regions consist of half-wave retarders. Also included is an
unpatterned retarder 36, which is a half-wave retarder, the optical axis of which has a direction which is
uniform in the vertical direction. The direction of the optical axis is perpendicular to the optical axis of the
first rotation regions. Polariser 42 and displaying unit 46 are shown.
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2420187

POLARIZED LIGHT TRANSMISSION SCREEN AND STEREOSCOPIC IMAGE
DISPLAYING APPARATUS USING THE POLARIZED LIGHT TRANSMISSION
SCREEN

(0001) This patent application claims priority from a
Japanese Patent Application No. 2004-021914 filed on January
29, 2004, the contents of which are incorporated herein by

reference.
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002) The present invention relates to & polarized light

n

transmission screen used for display of & stereoscopic image,
s sterzoscopic image displaying apparatus using the polarized
light transmission screen.

2. Description of the Related Art

[(0003] Conventionally, there have been made various
proposals of a system which separately presents two images with
parallax to right and left eyes, respectively, as a displaying
apparatus which displays a stereosccpic image using a
two-dimensional display. For examplé, a glasses systam vhich
separates the light for the left eye and the light for the right
eye, of which polarization axes are orthogonal which consist
of polarizers (cf. Japanese Patent Laid-OpenMo. 3-134&48), and
aglasslesssystanwhichprojectsthelightwhichistxansmitted
through an image for right eye on an observer's right eye, and
the light which is transmitted through an image for lzft eye
on the observer's left eve, in which light source of a back light

is separzted into the imagye for left sye and the image for right

-



eye (cf. WO01/59508) ar= known.

(0004]) As for the glasses system, when separatingthelight
for the left eye and the light for the right eye, one of the
linear polarized lights of the left eye and the right eye, which
are transmitted through thedisplaydevice and have polarization
axes in the same direction, is transmitted through a half-wave
retarder and rotated 1ts axis to be perpendicular to the other.
Then, as for the polarized glasses for-an observer, directions
¢of the polarization axes of the polarizers for the right eye
andtheleft eyecarealignedparallel tothedirectionsof linearly'_
polarizedlightsof right and left, respectively. Thereby, ocnly
the linearly poiarized light of the image f;:zr the left eye reaches .,
the observer's left eye, and only the linearly polarized light
of the image for the right eye reaches the right eye.

[0005] On the other hand, as for the glassless system, the
linearlyoclarizedlightswhichareperpcendicularwitheachother
is used for a light scurce for the right eye and a light source
for the left eye as the backlight. Then, the linearlypolarized '
light for the left eve and the linearly polarized light for the
right eye are made t¢ be parallel to the polarization axis of
a polarizer by rotating the direction of polarization axis of
either of the linsarly polarized light for the left eyedirecting
to image display regicns for the left 2sye of the display device
or the linearly poiari:ed light for the right eye directing to
imzgedisplayregions fortheright eyeby 90degreesbyahalf-wave
retarder. Consequently, only the linearly polarized light for
the left eye directing to the image display regions for the left
eye and the linearly polarized light for the right eye directing
to the display regions for the right =ye are incident to ths
display device. Thus, only the linearly polarized light of the

image for the lefr eye r2aches the observer's left eye, andonly



thelinearlypolarizedlightof theimage for the right eyereaches
the right eye.

{0009) However, regardless of whether the glasses system
or the glassless system is to be employed, whzn making the
half-wave retarder transmit the linearly polarized light and
rotatingitby 90degreses, thedirectionofthelinearlypolarized
light is differed in the influence of a wavelength dispersion
oroperty. Therefore, overwide wavelength range, thepolarizer
could not fully separate the linesarly polarized light for the
left eye and linearly polarized light for the right eye, anci
there has been a problem that cross talk will occur ir the
stereoscopic image. L
(0007] Inorder to solve the foregoing problems, according
to a first aspect of the present invention, there is provided
a polarized light transmission screen capable to rotate a
volarization axis of a linearly polarizedlight. The polarized
light transmission screen includes: a 90~degree rotation region
including in piles a plurality of retarders of which directions
of opticazl axes differ from one another, wherein each of the
plurality of retarders rotates the polarization axis less than-
90 degrees in steps so that the 90-degree rotation region rotates
the polarizaticn axis by 90 dégrees in totazl bv transmitting
a linearly polarized light having a polarization axis of a
specific direction; and a 0O-degree rotation region including
inpiles a pluralaty of retarders of which directions of optical
axes diffsr from one another, wherein each of the plurality of
retarders rotates the polarizaticn axis to the both positive
and negative directions by the same degree of angle so that the
O-degree rotationregionemits alinsarly polarizedlight having
a polarization axis of the same direction in which the linearly

polarized light enters into the O-degree rotation region.



{0008] In the above-mentioned polarized light
transmission screen, the polarization axis is rotated by 90
degrees by the 90-degre= rotation regions, of which wavelength
dispersion property is lower than only one layer of retarder.
Simultaneously, since the 0O-degree rotation region rotates the
polarization axes to opposite directions to each other by same
degrees of angle, it may cancel the waveléﬁgth dispersion
property. That is, the wavelength dispersion property can be

reduced and the polarization axes of the linearly polarized

Y.

lights transmitted through the 90-degree rotation regions and.
the O-degree rotation regions can be made to be perpendicular
to each other with sufficient accuracy.

(0009} At least cne of the plurality ¢f retarders of the
90-degree rotation region and the O-degree rotation region may
pe unpatterned retarder. Thus, since it is not necessary to
zlign the uniform retarder to another retarder, it can reduce
the variaticn in the optical property of the polarized light
transmission screen caused by assembly error of the plurality
of retarders.

(0010) Accordingtoasecondaspectofthepresentinvention,
there is provided a polarized light transmission screen capable
to rotate a polarization axis of a linearly polarized light.
The polarized light transmission screen includes: a patterned
retarderancluding first rotaticnregionswhichrotatealinearly
polarized light having a polarization axis of a specific
directiontu’+45degreesandseCOndrotationregionswhichrotaté
the linearly polarized light by -45 degrees, which are aligned
alternately along a vertical direction; and a uniform retarder
which rotates each of the axis of the linearly polarized light
rotated by the first rotation regicns and the linearlypolarized

light rotated by the second rotation regions by -45 degrzes,
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wherein retardation property of the uniform retarder in the
vertical direction is uniform.

(0011]) In the above-mentioned polarized-light
transmissicn screen, since the polarized lights which are
transmitted through the first rotation regions and the uniforn
retarder are rotated to opposite directions by the same degree
witheachother, thewavelengthdispersionpropexzty iscancelled.
Moreover, the linearly polarized light which passes the second
rotationregions and thzuniformretarder is rotatedby 45degrees,
or less than 90 degrees two or more times to the extent of 90.
degrees. Thereby, a wavelength dispersion property is reduced
ratherthanacaseof rotatingit by 90degreesatonce. Moreover;
since the retardation property of the uniform retarder relates
in the vertical dirsction is uniform, it is not necessary to
align the uniform retarder 'to each region of the patterned
retarder.

(0012} Therefore, without being influsncedby the assembly
error of the patterned restarder and the unpatterned retarder,
the polarization axis of the linearly polarized light which is
transmitted through thz first rotation region may be
perpendicular to the polarizationaxis of thelinearlypolarized
which is transmitted through the second rotation regidn, over
a wide wavelength range, and with sufficient accuracy. Since
the three dimensional display apparatus which includes such a
polarized light transmission screen can saparate an image for
a left eye, and an image for a right eye with high precision
using the polarizer, it can display a clear stereoscopic image
with little cross talk.

(0013) 2ccordingtoathirdaspect of thepresent invention,
there is provided a polarized light transmission screen capable

tc rotate a polarization axis of a linszarly polarized light.
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The polarized light transmission screen includes: a patterned
.retarcder including first rotation regions which rotate a
polarization axis of a linearly polarized light, having a a

specific direction, by -45 degrees and second retation regions

which rotate the linearly polarized light by +45 degrees, which-

arealignedalternatelyalcocngaverticaldirection; andauniform
retarder which rotates each of the axis of the linearly polarized
light rotated by the first rotation regions and the linearly

polarized light rotated by the second rotation regions by +45

degrees, wherein retardation property (optical axis and phase’

difference) of the uniform retarder in the vertical direction
is uniform. Thereby, the same effect as the second aspect may
be attained.

[0014) Accordingtoafourthaspect of the present invention,
there is provided a polarized light transmission screen capable
to rotat2 a polarization axis of a linearly polarized light.
The polarized light transmission screen includes: a unpatterned
retarder which rotates a polarization axis of a linearly
polarized light having a spegcific directicn, by +45 degrees,
wherein retardation propsrty of the uniform retarder in a
verticaldiractionisuniform; andapatternedretarder including
firstrotationregionswhichrotatethelinearljpolarizedlight
by -45 degress and second rotation regions which rotate the
linearly polarized light by +45 degrees, which are aligned
alternately along a vertical direction. Thereby, the same
effect as the second aspect méy be attained.

{oo1s) Accordingtoafifthaspectof thepresentinvention,
there is provided a polarized light transmission screen capable
to rotate a polarization axis of a linearly polarized light.
The polarized light trznsmission screen includes: a unpatterned

retarder vhich rotates a polarization. axis of a linearly

-



polarized light having a2 specific direction, by -45 degrees,
wherein retardation property of the unpatterned retarder in a
verticaldirectionisuniform; andapatternedretarder including
first rotation regions which rotate the polarization-axis of
the linearly polarized light by +45 degrees and second rotation
regions which rotate the polarization axis of the linearly
polarized light by -45 degrees, which are aligﬁed alternately
along a vertical direction. Thereby, the same effeét as the
second aspect may be attained.

(0016] Accordingtoasixthaspectofthepresentinvention,.
there is provided a polarized light transmlissic;n screen capable
te rotate a polarization axis of a linearly polafizeﬁ light*
The polarized light transmission screen includes: a patterned
retarderalternatelyincludingalongaverticaldirection: first
rotztion regions of which an optical axis forms £22.5 degrees
with respect to ths polarization axis of the linearly polarized
light emitted into the polarized light transmission screen and
having a polarization axis of a specific direction; and second
rotation regions of which an optical principle axis forms #45
degrees with respect to the optical axis of the first rotation
regions, wherein the-first rotation regions and the second
rotation regions are consist of half-wave retarders; and &
unpatterned retarder, which consists of a half-wave retarder
of whichadirectronof anoptical axis isuniforminthevertical
direction, wherein a direction of the optical- axis is
perpendicular to the cptical axis of the first rotation regions.
Thereby, the same effect zs the second agspect may be attained.
{0017} From the second to sixth aspécts, it is preferable
that the wavelength dispersicon property of the first rotation
regicn and the wavelengthdispersionpropertvof the unpatterned

retarder are the same a:z each other. Thereby, the wavelength



dispersion property of the polarized light transmitted through
the first rotation region is canceled with sufficient accuracy
by the unpatterned retarder.

(0018) According to a seventh aspect of t‘he present
invention, there is provided a polarized light transmission
scresn fromthe second to sixth aspects; a light source; a liquid
crystzl panel, which is prcvided between the light source and
the polarized light transmission screen and faces the polarized
light transimissicn screen, wherein the liguid crystal panel
includes display regions for a left eye capable to display aﬁ
image for the left eye corresponding to one of the first rotation
regions and the second rotation regions, and display regionsg
for a right eys capable to display an image for the right eye
corresponding to the other cne of the first rotation regions
and the second rotaticn regions, wherein the display regions
for the left eye anddisplay regions for the right eye are alignad
alternatelyinavertical direction, andthe liquidcrystal panel
emit only a linearly polarized light having 2 specificdirection
intc the polarized light transmission screen; and a polarized
glasses including: a polarizer for a right eye capable to absorb
the linearly polarized light transmitted through the display
regions for the left eye and the polarized light transmission
screen, and to transmit the linearlypolarized light transmitted
through the display regions for the right eye and the polarized
lighttransmissionscreen;andapolarizerforalefteyécapable
to absorb the linearly polarized light transmitted through the’
display regions for the right eye and the polarized light
transmissionscreen, ancdtotransmit thelinearlvpolarizedlaght
transmitted through the display regions for the lzft eys and
the colarized light transmission screen. Thereby, the samsa

effect as the second aspect may be attained.



(0019) In the stzreoscopic image displaying apparatus,
when the display regions for- the right eye correspond to the
first rotation regions, the polarizer for the right eye may
include a polarized light absorption axis perpendicular to a
polarization axis of the linearly polarized light emitted from
the liquid cxystal panel, and the polarizer for the left eye
may include a polarized light abscrption axis parallel to a
polarization axis of the linearly polarized light émitted from
the liquid crystzl pznel.

[0020] In the stereoscopic image displaying apparatus#
whenthedisplayregionsforthélefteyecorrespondtothefirst
rotation regions, the polarizer for the left eye may include
apolarizedlight absorptionaxisperpendiculartoapolarization

axis of the linezrly polarized light emitted from the liquid

O

rystal panel, and the polarizer for the right eye may include
arolarizedlightabsorptionaxisperpendiculartoapolarization
axis of the linesarly polarized light emitted from the liquid
crystal panel.

(0021) According to an eighth aspect of the present
invention, there is provided a ster=oscopic image displaying
apparatus. The stereoscopic image displaying apparatus
includes: a polarized light transmission screeﬁ of the second
or sixth aspect; a separate-type polarized light separately
including a light socurce for a right eve capable to irradiate
a linearly polarized light for the right eye and a light source
for a left eye capable to irradiate a linearly polarized light
for the lefr eye, on the either side; a collimator capable to
project the linearly pclarized light for the left eye in a
direction of the cbserver's left eve while projecting the
linearly polarized light for the right eye in a direction of

the observer's right eye; &nd a liquid crystal panel which
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includes: display regions for a right eye transmitting only the
linearly polarized light of which poiarization axis is parallel
to the polarization axis of the linearly polarized light
irradiated from the light scurce for the right eye to display
an image for the right eye in a bosition corresponding to the
first retationregions; anddisplavregions foraleft eyecapable
to display zn image for the left eye in a position corresponding
to the second rotation regions, wherein the display regions for
the right eye and the display regions for the left eye are aligned
alternately in a vertical direction. Thersby, the same effecti.
as the sscond aspect may be attained.

[{0022) Accordingtoaninthaspect of thepresent invention;
there is provided z stereoscopic image displaying apparatus.
The stereoscopic image displaying apparatus includes: a
polarized light transmission screen of the second or sixth
aspect; a separate-type golarized light separately including
a light source for a right eye capeble to irradiate a linzarly
polarized light for the right eye and a light source for a left
eyecapabletoixradiateaijéarlypolarizedlightfortheleft
eye, on tha either side; a collimator capable to project the
linearly polarized light for the left eye in a direction of the
observer'slefteyewhileprojectingthelinearlypolarizedlight
for the right eye in a direction of the observer's right eye:
and a liquid crystal panel which includes: display regions for
a left eye transmitting only the linearly polarized light of
which polarization axis is parallel to the polarization axis
of thelinearly polarized light irradiated from the light source
for the left ey2 todisplay an image for the left eye in aposition
corresponding tothe first rotation regions; anddisplay regions
for a right eye capable to disélay an image for the right eye

in a position corresponding to the second rotation regions,
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wherein the display regicns for the right eve and the display
regions for the left eye are aligned alternately in a vertical
direction. Thereby, the same effect as the second aspect may
be attained. ‘

(0023} In the stersoscopic image displaying apparatus the
collimator may include: a first linear Fresnel lens which
includes ridgelines extended along a direction perpendicular
to the polarization axis of the linearly polarized light'for
the right 2ve; and a second linear Fresnel lens which includes
a ridgeline extended along a direction parallel to the ‘
polarization axis of the polarized light for the right eye,
wherein the first linear Fresnel lens and the second linear
Fresnel lens mav be stacked in pile in a traveling direction
of the linearly polarized light. In this case, the collimator
does not make the components of P wave and S wave of a light -
to be refracted simultaneoucsly. Therefore, the linearlf
polarized light is neither rctated its polarization axis nor
turned into elliptically -polarized light. Therefore, the
linearly gpolarized light for the left eye and the linearly
polarized light for the right eys are separable with high
precision with the polarizer.

(0024] In the stereoscopic image displaying apparatus-the
collimator mav include: a first cylindrical lens which includes
ridgelines extended along a direction perpendicular t¢ the
polarization axis of the linearly polarized light for the right
eye; and a second cylindrical lens which includes a ridgeline
extended along a direction parallel to the polarization axis,
wherein the first cylindrical lens and the second cylindrical
lens are stacked inpils ina travelingdirection of the linearly
polarized light. Alsc in this case, the collimator does nort

mzke the cemponents of Pwave and S wave of a light tobe refracted
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simultaneocusly. Therefore, the polarization axis of the
incident linearly polarized light is neither rotated its
polarization axis nor turned into the elliptically -polarized
light. Therefore, the linearly polarized light for the left
eye and the linearly polarized light for the right .eye are
separable with high precision with the polarizer.

(0025) The summary of the invention does not necessarily
describe all necessary features of the present inventioﬁ. The
present invention may also be a sub-combination of the features

described above.

BRIEF DESCRIPTION OF THE DRAWINGS
(0026) Fig. 1 is a split-apart perspective view showing
a configuration of @ stereoscopic image displaying apparatus

100a which employs a glassless system according to the present

embodiment.

(0027) Fig. 2 shows image data displayed on a displaying
unit 46. ‘

(0028 Fig. 3 is a conceptnal diagram showing principle

of the stereoscopic image displaying apparatus 1002 separately
orojecting the light froma separate-type polarized liqght source
10 onto a left eyeland a right eye. -

[0029) Fig. 4 shows principle of the stereoscopic imags
displaying apparatus 100a separately projecting an image for
the left eye and an image for the right eye on-the left eye and
the right eye of an observer.

(0030]) Fig. 5 is a cross sectionzl view exemplary showing
a configuration of a diffuser 50.

{0031] Fig. & is a split-apart perspective view showing
a first embodiment of a stereoscopic image displaying apparatus

100b vhich employs a glasses system according to the present
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e

embodiment. '

(0032) Fig. 7 is a split-apart perspective view showing
a second embodiment of the sterecoscopic image displaying
zpparatus 100b which employs the glasses system accordiﬁg to
the present embodiment. .

(G033} Fig.8showsanapplicaticnofthestereoscﬁpicimage
displaying apparatus 100b shown in Fig. 7.

(0034) Fig. 9 is a drawing showing a process in whicﬁ a
polarizéd ligh; transmission screen 30 rotates a polarization
axis of a linearly polafized light projected on the right eye}
in steps.

[0035) Fig. 10 is a drawing showing a process in which the.
polarized light transmission screen 30 rotates a polarization
aris of a linearly polarized light projected on the left eye

in steps.
DETRILED DESCEIPTION OF THE INVENTION

[0036] The invention will now be described bas=d on the
embcdiments hereinzfter, which do not intend to limit the scope
of the present invention as defined in the appended claims. All
of the features and the combinations thereof described in the
embodiments are not necessariiy essential to the invention.
(0037) Fig. 1 is a split-apart pérspective view showing
a configuration ¢f a stereoscopic image displaying apparatus
100a which employs a glassless system according to the present
embodiment. The stereoscopic image displaying abparatus 100a
includes a separate-typa polarized light source 10, a collimator
20, a polarized light transmission screen 30, a liquid crystal

neld0, andadiffuser 0. Inthestersoscopicimagedisplaying

jel
[+

e

pparzrus 100a, a polarized light for the left eye is emitted
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from the separate-type polarized light source 10 to display an
image for a left eyez on the liquid crystal panel 40, and is
transmitted through it to project the image onto an observer’s
left eye. Simultaneously, a polarized light for the left eye
is emitted from the separate-type polarized light source 10 to
display an image for a right eye on the liquid crystal panel
40, and is transmitted through it to cbserver’s right eye. At
this time, a clear stercoscecpic image with little cross talk
.can be displayed to the observer by rezlizing & highly precise
optical property in which the polarizad light projected on the.
left eye is not transmitted through the azrea of liquid crystal
panel displaying the image for the right eye, or the polan‘.ed
light projected on the right eye is not transm*tued through the

area of liquid crystal panzsl displaying the image for the left

0038]) The separate-type polarized light source 10
separately include a separate-type polarized light scurce 10b
for a left eye which emits the linsarly polarized light for the
left eye, and a separate-type polarized light source 10a for
a right eye which irradiates the linearly polarized light for
the right eye, on the either side. The separate-type polarized
light source 10bis locatedon a right sice seen fromthe observer,
and the separate-type polarized light source 10a is located on
aleft side seen from the obhserver. The separate-type polarized
light source 10b for the left eye includes a separated light
source 12b for the l=ft eye and a polarizer for the left eye
14b, and the ssparate-type polarized light source 10a for the
right eye includes a separated light source 12a for the right
eye and a polarizer for the right eye 14a. The separated light
source 12 is a goint light source, and irradiates a;'x unpolaxrized

light. In addition to the point light source, the separ rated



light sources 12 may be a surface light scurce such as organic
electroluminescence. A transmission axis of polarizer for the
left eye l4b is determined so that it is perpendicular to &
transmission axis of the polazizer for the right eye 14a. For
example, in thisembodiment, the polarizer for the leffeye 14b
includes a2 horizontal transmission axis, and the polarizer for
the right esye 14a includes a vertical transmission axis.
Therefore, the polarizer for the left e?e 14b emits a linearly
polarized light which includes a horizontal polarization axis,
and thepolarizer for theright eye 14aemits alinearly polarized'-
' light which includes & vertical polarization axis.
(0039] The collimator 20 includes in piles a first linear.
Fresnel lens 22a which includes a ridgeline extended along a
cﬁ:ectionperpendiculartothepolarizationaxisofthelinearly
polarized light for the right eye, i.e., @a horizontal direct ion,
and & second linear Fresnel lens 22b which includes a ridgeline’
extended aloné a direction carallel to the polarization axis
of thelinearlypolarizedlight for tr}e righteye, i.e., avertical
direction. 1In this case, the first linear Fresnel lens 22a
refracts the linsarly polarized light for the right and left
eyes to the verticzl direction, and the second linear Fresnel
lens 22b refracts the linearly polarized light for the right
and left eyes to the horizontal direction. The above-mentioned
first and second linear Fresnel lenses 22a and 22b may change
their order with each other. Moreover, the first and second
linear Fresnel lenses 22a and 22bmay be assembled themin contact
orwithinterspaces. Bytheabaveconfiguration, thecollimatox
20projectsthelinearlypolarizedlightforthelefteyeemitted
from the separated polarizer 14b to the direction of the
observer'slefteyewhileprojectingthelinearlypolarizedlight

for the right eye emitted from the separated polarizer l14a to
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the direction of the observer's right eye.

(0040] The liquid crystal panel 40 includes a displaying
unit 46, in which display regions 48pb for the laft eye which
display an image for the left eye and display regions 48a for
the right eye which display an image for the right eye are
alternately aligned, and a first poiarizer 42 which is provided
cn & side of the light scurce the displayingunit 46 and includes
a transmission axis parallel to a transmission- axis of the
polarizer for the right eye l4a. The first polarizer 42 emits
only the linearly polarized light of which polarization axis.
is parallel to the polarization axis of the linearly polarized
light emitted from the separate-type polarized light source 10a
for the rignt eye to be entered onto the displaying unit 4€.
Inaddition, theliquidcrystalpanel 40 further includesa szcond
polarizer 44 which is set on a side of the obser‘ver of the
displaying unit 46, and transmits only the linearly polarized
light having thke polarizaticn axis of the specific direction.
[0041] The directionof the transmission axis of the second
polarizer 44 changes by whether the display specification of
the liquid crystal panel 40 is either normally black or normally
white. For example, in the case of normally black, the
transmission axis of the second polarizer 44 is made parallel
tothe transmission axis of the first polarizer 42. On theother
hand, in the case of normally white, the transmission axis of
the firest polarizer 42 is made perpszndicular to the transmission
axls of the second polarizer 44. This embodiment explains the
case where the transmission axis of the first polarizer 42 is
made perpendicular to thez transmission axis of the second
polarizer 44 asanexample. Theliquidcrystal panel 40is formed
nearer to the obszrver side than the collimator 20. Therefore,

the stereoscopic imagedisplayl00acandisplayahighresoluticn
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image to the observer, since the pixel pitchof the liquidcrystal
panel 40 is not necessary to be extended.

(0042] Thepolzrizedlight transmission screen 30 includes
O-degree rotation regions 32a which correspond to the display
regions 48a for the right eye and is set on the light source
'sice than the liquid crystal panel 40, -and %0-degree rotation
regions 32b which corresgond to the display régions 48b for the
left eye, in which the 0-degree rotation ragions 32a and the
90-degree rotation regions 32b are alternately aligned §long
vertical direction. The O-degree rotation regions 3}a emits
the linearly polarized light emitted from each ¢f the
ceparate-type polarized light sources 10 without rotating the.
polarizaticn axis of the linearly polarized light. The
90-degree rotation region 32b rotates the polarization axis of

the linearly pclarized light emitted from each of the

(/]

eparate-type polarized light sources 10b by x90 degrees,

at

esp

(1]

ctively, and emits it.

(0043] The 90-degree rotation regions 32b include
multi-layers of retarders which the directicons of the optical
principal axes differ with one another, and when the linearly
polarized light having polarization axis in a specific
polarization axis by 90 degrees in total. On the other hand,
thz O-degree rotation regions 32a include multi-layers of
retarders of which the directions of the optical principal axes
differwithone another, andwhenthe linearlypolarizedretarder
tothelast,theyrotatethapolarizationaxistothebotﬁposicive
and negative directions with the same degress so that the
direction of the polarization axis is the same at entering and
exiting . In this case, a plurality of retarders enit the
linearly polarized light in the saine direction as at the tims

of the incidence by rotzting the polarization axis to the both
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positive and negative directions by the same dégree.

(0044] The 90-degree rotation region 32b rotates the
polarization axis by 90 dagrees with a wavelength dispersion
property lower than the case wvhere the polarization axes of the
linearly polarized light are rotated 90 degrees at once Qith
singleretarder. Similarly, sincethe 0-degree rotation region
32a rotates the polarization axis to the both positive and
negative directions by the szme deqgree, it can contradict the
wavelength dispersion property. That is, the polarized light‘
transmissicn screen 30 can reduce the wavelength dispersion. .
property of both polarization axes of the linearly polarized
lights which are traznsmitted through the 90-degree rotation-
regicn 32b and through the O-degree rotation region 32a, thereby
they are made perpendicular with each other.

[00453]) At least one of the retarders of the 90-degree

rotaticn

(A}

zgions 32% and the 0-degree rotation regions 32a is
the unpatternad retarder. If it is the unpatterned retarder,
sinceitisnotnecessarytoaligntheretafdertoanotherretarder
in terns of its optical property, the dispersion in the optical
property of the polarized light transmission screen 30 by the
alignment error among the plurality of retarders can be reduced.
About the detailed configurétion cf the polarized light
transmissionscreen 30, itwill beexplainedlaterwithreference
to Figs. 8 and 9.

[004E€] The diffuser 50 diffuses image light only in the
yerticaldirection. Bythis, onlyaviewingangleinthevertical |
direction can be extended without emitting the image light for
the l2ft eye on the right eye, or emitting the image light for
the tight eye on the left eye. The diffuser 50, which diffuses
image light invertical direction, is for example amatte surface

diffusesr, or a l2nticular lens shzet. In the case of the mat
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surface diffuser, horizontally extending fine irreqularity is
formed on the surface of the diffuser 50 by some techniques,
such as sandblasting which gives rough surface, painting method
or printing method which deposits transparent ink on a part cf
the surface, for example. In the case of the lenticular lens
sheet, the diffuser 50 includes an ai'ray of
herizontally-extending half-cylindrical lenses along the
verticzl direction. '
(0047] Fig. 2 shows image data displayed on a displaying
unit 46 according to the przsent embodiment. An image for the
left eye which consists of scanning lines L1-L10, and an image
for the right eys which is consisted of scanni-nc;; lines R1-R10D-
are combined, and image data for a stereoscopic image displayed
on the displaying unit 4§ is generated. The image data for the
left eye and the image data for the right eye are photographed
using 3 sterecscopic camera which photographs two images
simultaneocusly. The cdd-numbered scznning line data of the
image data for the left eye and the even-numbered scanning line

d

nt

ta of the image data for the right eye are extracted,

raspectively, and the alternately comdbined image is displayed

Q
=

thedisplayingunit 4é. The even-numbered scanning line data
of the image data for the left eye and the odd-numbered scanning
line data of the image data for the right eys are not displayed
on the displaving unit 46. A display regions 48a for the right
eye and a display regions 48b for the left eye of the disblaying
unit 46 correspond to the scanning lines (R2Z, R4, RE..) of the

image for the right eye and the scanning 1ines' (L1, L3, LS5..)

Fh

of the image for the left eye, respactively.
(0048) Fig. 2 is drawiny showing the principle by which

the light from the sszparate-type polarized light source 10 is
S
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in the sterecscopic image displaying apparatus 100a. The
polarized light scource for the right eye 10a and the polarized
light source for the left eye 10b are separated to the right
side znd the left side of the center line along the optical axis
of thelinear Fresnel lens 22b, whichrefracts light tohorizontal
direction. Therefore, the light from the separate-type
polarized light source 10b ﬁrovided on the right side of the
Fresnel lens’s optical axis seen from the observer is projected
by the linear Fresnel lans 22b on the left side of the optical
axis, i.e., the direction of the observer's left eye. On the-.'a\
other hand, the light from the gseparate-type pol.arized light
Source l0aprovidedonthe left sideof the Fresnel lens’s optical.
axis seen from the cbserver is prcjected through the linear
Fresnel lens 22b on the right side of the center line along its
optical axis, i.e., to the direction of the observer’s right
eye. By this, the light from the Separate-type polarized light
source 10b for the left eye is projected to the direction of
the observer's left eye, and the light from the separate-type
polarized light source 10a for the right eye 1s projected to
the direction of the chserver's right eye, respectively.
{G049] Fig. 4 shows conceptually the principle by which
the image for the left eye and the image for the right eye are
separately projected on the left and right eyés of the observer
in the stereoscopic image displaying apparatus 100a of Fig. 1.
First, the linearly polarized lights emitted from the
separate-type polarized light source 10a for the right eyve
include vertical polarization axes, and are projected to the
direction of the observer's right eve with the collimator 20.
Some of these linsarly polarized lights emitted‘to the 0-degree
totation regicns 32a are emitted from the polarized light

Cransmissionscresn 30 inwhich thedirsctionof the polarization
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axis remains the same, i.e., in the vertical direction, and the
otherlinearlypolarizedlightsemittedtothe 90-degreerotation
reglons32bareemittedinwhichthédirectionofthepolarization
axis rotates +90 degrees, 1.e.,-in the horizontal directicn.
The first polarizer 42 transmits the linearly polarized light
vhich is transmitted through the polarized light transhission
screen 20, and of which polarization &xis is perpendicular to
the polarization axis of the first pcoclarizer 42, and absorbs
the linearly polarized Jight which is transmitted through the.
polarizedlight transmissionscreen 30, andofwhichpolarization
axis is parallel to the polarization azis of the first polarizer
42. Therefors, while transmitting the linearlypolarizedlight,
which is transmitted thrcugh the 0~degree rotation region 32a,
the linearly polarized light wﬁich is transmitted through the
90-degree rotation regicn 32b is absorbed. Therefore, the
linearly polarized lights for the right eye are emitted to the
display regions 48a for the right eye provided corresponding
to the 0-degree rotation regions 32a, and the linearly polarized
lights for the right eye are not.emitted to the display regions
48b for the left eye provided corresponding to the 90-degree
rotation regions 32b. By this, the linearxly poiarized lights
from the separate—-type polarized light source 10a for the right
eys is emitted to only the display regions 48a for the right
eye, and it projects only the image light for the right eye on
the observer's right eye.

[0050] Oon the other hand, the linearly polarized lights
emittad from the separate-type polarized light source 10t for
the left eye include horizontal polarization axes, and are
projected to the direction of the observer's left eye through
the collimator 20. Among these, the linsarly polarized lights

emittsd to the O-dzgree rotation region 32a are emitted from
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thepolarizedlighttransmissionséreenBOixxwhichthecurection
of thepolarizationaxes remzins thesame, i.e., inthehorizontal
direction, and the linearly polarized lights emitted to the
90-degree rotation regicn 32b are emitted in which the direction,
ofthepolarizationaxesrotate5t90degrees,i.e.{thevertical
direction. Therefore, while the linearly polarized light for
the left eye which is transmitfed through the O-degree rotation
region 32a is transmitted through the first polarizer 42, the
linearly polarized light for the left eye which is transmitted‘
through the 90-degree rotation region 32b is absorbed by the:
first polarizer 42. That is, the linearly polarized lights for
the left eye are emitted to the display regions 48b for the lefs-
eve provided corresponding to the 90-degree rotation £egions
32b, and the linearly polarized lights for the left eye are not
emitted to the display regions 48a for the right eye provided
corresponding to the O-degree rotation regions 32a. By this,
the linearly polarized lights from the separate-type polarized
light source 10b for the left eye is emitted to only the display
reqions 48b for the left eye, and it profects only the image
light for the left eye to the observer's left eye. .Thereby,
a stereoscopic image czn be displayed to the observer.

(0091] Here,inthecollimatofzo,thefirstlinear?resnel
lens 2za and the second linear Fresnel lens 22binclude ridgelines
extended in perpendicular to or parallel to the polarization.

axes of the linearly polarized lights for the right and left

(1]

yes, respectively, as shown in Fig. 1. 1In this case, the

collimator 20 does not refract the components of P wave and S
wavesimultaneouslywhichcompriseonelinearlypolarizedligﬁt
emitted from the separate-type pclarized light source 1l0a or
10p. Consequently, the collimator 20 can project the linearly

polarized light ahead without rotating its polarization axis
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orturningitintotheelliptically-polarizedlight. Therefore,

the first polarizer 42 can filter the light projected from the
collimator 20 with high precision. That is, the stereoscopic
imaga2 displaving apparatus 100a zccording to the present
embodiment can absorb the linearly polarized light which is to
be absorbed with high ebsorption lavel, and can transmit the
linearly polarized light in high transmittance. It is
preferzble that the material used for the collimator 20 has-
smaller retardation value. It is preferable that the
retarcdation value is 20nm or less, for example. By this,
elliptical polarizing of the linearly polarized light, which
is transmitted through the collimator 20 by birefringence, is:
prevented.

(0052] In addition, the first polarizer 42 may emit only
the linearly polarized light, which has a transmission axis
parallel to the transmission axis of the polarizer for the left
eye 14b and is emitted from the separate-type polarized light
source 10b for the left eye, to the displaying unit 46. In this
case, the 50-degree rotation region 32b is provided nearer to
the light source than the liquid cr?stal panel 40 corresponding
to the display region 48%a for the right eye, and the 0(-degree
rotation region 32a is provided corresponding to the display
regicn 48b for the left eye.

(0053) Moreover, as another embodiment, the polarizer for
the left eye 14b may include a vertical transmission axis, and
the polarizer for the right eye l4a may include a horizontal
transmission axis. In thiscase, the O-degree rotationregiocns
32a are provided corresponding to the display regions 48b for
the left eye, and the 90-degree rotation regions 32b are provided
corresponding to the disolay regions 48a for the right eye.

Alternatively, like the above-mentionsd example, the 0-degre=

,

.



rotation regions 32a and the 9C-degree rotation regions 32b may
be provided corresponding to the display regions 48a for the
right eye and the display regions 48b for the left eye,
-respectively, and may rctzte the transmission axis direction
of the first polarizer 42 and the secondpolarizer 44 by 90 degrees
from the above-mentionad example. That is, the first polarizer
ézmaydirectthetransmissionaxis1xathehorizontaldirection,
and the second polarizer 44 may direct the transmission axis
to the vertical direction.
[0054) Fig. 5 is a vertical cross sectional view exemplaryi'
showing the configuration of the diffuser 50. The diffuser 50
includes a lenticular lens sheet 52 on the light source side:.:
The lenticular lens sheet 52 includes an array of
half-cylindrical convex lenses extended in the horizontal
direction. The lenticular lens sheet 52 diffuses image light
to the vertical direction. Thereby, the viewing angle in the
vertical direction increases. Moreover, the light absorbing
layer 54 is formed at the outside of the optical path of the
image light on the observer side of the diffuser 50. The light
absorbing layer 54 includas light absorbing substances, such
as carbon black, and while reducing the transmittance of light
other than the image light which emitted from light source side,
it prevents the reflection of light emitted from the obsérver
side. Thersby, the contrast of the image can be improved. 1In
addition, substaznces which have a certain level of light
absorbing effect can be used for the light absorbing substance.
.For sxample it may be paint, a light absorbing film, and the
like.
(0035) Fig. 6 is a split-apart perspective view showing
afirstembodiment of thestereoscopicimagedisplayingapparatus

100b which employs a gl

U

<cses system according to the present



embodiment. The stereoscopic image displaying apparatus 100b
includes alight source 16 instead of the separate-type polarized
light source 10 of the above-mentioned stereoscopic image
displaying apparatus loda, and includes a polarized light
transmission screen 30 nearer the observer side tinan the liquid
crystal pznel 40, which is provided on the light source sice
of the sterecscopic image displaying apparatus 100a.
Furthermore, unlike the stersoscopic image displaying appar;atus
100a, polarized glasses €0 for cbservers are included.
Hereinafter, the same reference numeral is given to the same.
component as the stereoscopic image displaying apparatus 100a,
and their explanation will be omitted.
(0056) The light source 16 emits unpolarized light ahead.
In addition to the point light source, ‘the light source 1€ may
be a surface light socurce such as organic electroluminescence,
The collimator 20 collimates the light emitted from the light
source 16 to the parallel light and to emit it to the liquid
crvstal panel 40, and projects it towafds the front of the
stersoscopic image displaying apparatus 100b at the same
magnification as'the image displayed of the liquid crystal panel
40. The liquid crystal panel 40 is provided nearer the observer
side than the collimator 20. The polarized glasses €0 include
apolarizer 62afortherighteyewhichtransmitsonlythelinearly
polarized light which projects the image for the right eye, and
apolarizer 62b for the left eyewhichtransmits onlythelinearly
polarized light which projects the image for the left eye.
(0057) In the collimator 20, the ridgelines of the first
linear Fresnel lzns 22a are directed to the horizontal direction

and refract the light in the vertical direction. Moreover, the

2]
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dyelines of the second linear Fresnel lens 22b are directed

rt

othevertical directionand ra2fract the light in the herizontzal



direction. In the liquid crystal panel 40, the transmission
aXis of the first polarizer 42 is along the vertical direction,
and only the linearly polarized licht with a vertical
polarization axis is transmitted.

(0058) In the polarized light transmission screen 30, the..
O0-degree rotation regions 32a emit the linearly polarized light
which 1s transmitted through the display regions 4%a for the
right eye without rotating the polarization axis, and the
90-degree rotation regions 32b rotate the polarization axis of
the linearly polarized light which is transmitted through tha:
display regions 48b for the .left eye by *90 degrees.

{0059]) In the polarized glasses €0, the transmission axis:
of the polarizer 62a for the right eye is provided parallel to
the transmission axis of the second polarizer 44. Therefore,
after passing through the display regions 48a for the right eye
eand the second polarizer 44, the linearly volarized light which
is transmitted through the 0-degree rotation regions 32a with
the same direction of its polarization axis as at the incidence,
reaches the right éye. Then, after passing through the display
regions 48b for the left eye and the second pelarizer 44, the
linearly polarized light, of vhich polarization axis is rotated
by #20degreesby the 90-degree rotation regions 32b, is absorbed.
On the other hand, the trznsmission axis of the second polarizer
44 ismade perpendiculartothe transmissionaxisof the polarizer
62b for the left eve. Therefore, after passing through the
disvlay region 48b for the left eye 'and the second polarizer
44, the linearly polarized light, which is rotated by #90 degrees
by the 90-degree rotation region 32b reaches the left eye. Then,
after passing through the display region 48a for the right eye
and the s2cond polarizar 44, the linearlypolarized light, which

15 transmitted through the O-degr=s rotation region 32a with
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the same direction of its polarization axis as at the incidence,
is absorbed.

[0060] As another embodiment, the 0O-degree rotation
regicons 32amay be provided corresponding to the display regions
48b for the left eye, and the 90-degree rotation regions 32b
may be provided corresponding to the display regicns 48a for
the right eye. That is, the O-degree rotation regions 32a may
emit the linearly polarized light emitted from the display
regions 48b for the left eye without rotating the polarization
axis, and the 90-degree rotati.on regrons 32b may rotate by *#90
degrees and emit the linearly polarized light emitted from the
display regions 48a for the right eye. In this case, in the-
pclarized glasses 60, the transmission axis of the second
polarizer 44 is made perpendicular to the transmission axis of
polarizer 622 for the right eye. Thersby, after being
transmitted through the display region 48a for the right eye
and the second polarizer 44, the polarizer 62a rotates the
polarization axis of the linearlypolarized light by +90 degrees
by the %0-degree rotation region 32b andmakes it reach the right
eye. Then, after being transmitted through the display region
48b for the left eye and the second polarizer 44, the linearly
polarized light, which is transmitted through the 0-degree
rotation region 22a with the same direction of its polarizaticn
,axis as at the incidence, is absorbed. On the other hand, the
transmissionaxisofthepolarizer 62b foxrthe lefteye ispa-rallel
to the transmission axis of the second polarizer 44. Thereby,
after being trensmitted through the display regions 48b for the
left eye and the second polarizer 44, the polarizer 62b for the
left eye rotates the polarization axis of the linearly polarized
light which is transmitted through the O-dzgree rotation region

22a of which direction ¢f th2 polarizaticn axis i3 the sams at



entering znd exiting and rotates the polarization axis of the
linearly polarized light, which is transmitted through the
O-degree rotation region 32a with the same direction of the
polarization axis at entering and exiting, to be reached to the
left eye. Then, after being transmitted -through the diéplay
region 48a for the right eye andzthe second polarizer 44, the
linearly polarized light rotated by 90 degrees by the 90-degree
rotation regions 32 is absorbed. ‘

(0061) By the above configuration, in the stereoscopic
image displaying apparatus 100b, the lights for the left andn
right images reach the observer’s left and right eyes strictly
separately. "
(00€2) In addition, in another embodiment of the
stereoscopicimagedisplayingapparatqs100b,thetransmission.
axis of the first polarizer 42 may be directed to the horizontal
direction. In this case, transmissicn axes of the second
polarizer 44 andthepolarizedglasses 60 arerotatedby90degrees
with respect to the above-mentioned example. That is, the
transmission axis of the second polarizer 44 is directed to the
vertical direction, the transmission axis of the polarizer 62a
for the right eye is directed to the vertical direction, and
the transmission axis of the polarizer 62b for the left eye is
directed to the horizontal directicn. Alternatively, by
changing the positions of the O-degree rotation regions 32a and
the Y0-degree rotaticn regions 32b, the direction of the
transmission axis of the polarized glasses 60 may be the same
as that of the above-mentioned example. That is, the 90-degree
rotation regions 32b azre provided corresponding to the display
regions 48a for the right eye, and the O-degree rotation regions
32a are provided corresponding to the display regions 48b for

the left eve. In this case, the trancmission axis of the

.~
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polarizer 62a for the right eye and the polarizer 62b for the
lefteyearedirectedtochehcrizontaldirectionandthevertical
direction, respectively, like the above-mentioned example.
(0063) Fig. 7 is a split-apart perspective view showing
a s2cond embodiment of the stereoscopic image displaying
apparatus 100b by the glasses system according to the present
embodiment. The stereoscopic image displaying.apparatus 100b
of this embodiment projects the magnified image displayed on
the liquid crystal panel 40 ahead by the light emitted from the
light source 1€, and collimates the image light magnified to
desired size with the collimator 20. The sterecscopic image
displaying apparatus 100b of this embodiment differs from the
first embodiment with respect to assembiing shown in Fig. 6 with
the point that the collimator 20 is formed nearer the observer
side than the polarized light .transmission screen 30. 1In
addition, the same reference numeral 1s given to the same

component as the first embodiment, and their explanation will

=4

be omitted.

[0Geq] The transmission axis of the second polarizer 44
is directed to the horizontal direction, &and only horizontal
linearly polarized light is transmitted among the lights which
is transmitted through the displayingunit 46. Inthepolarized
light transmission screen 39, the 90—d§gree rotation regions
32b are provaded in the position correspornding to the display
ragions 48b for the left eye, i.e., in the position at which
the image light transmitted through the display region 48b for
theleft eyeisemitted. Therefore, thelinearlypolarizedlighr,
which is transmitted through the display regions 48b for the
left eyes and the second polarizer 44, is rotated by +90 degrees
by the 30-degree rotaticn region 32b and is emitted. On the

other nand, ths O-degrze rotation rsgions 32a are provided in



the position corresponding to the display regions 48a for the-
righteye, i.e., thepositicnatwhichthe image light transmitted
through the display rzgion 48a for the right eye is emitted.
Therefore, the linearly polarized iight, which is transmitted
. through the display region 48a for the right eye and the second
polarizer.44, istransmittedthroughtheO-degree rotationregion
32a, and is emitted with the came direction of its polarization
axis as at the incidence.

{0085] The collimator 20 is assembled nearer the observer
side than and in the encugh distance from the polarized light-
transmissionscreen30requirsdtomagnifyanddisplay the image.
The collimator 20 collimates the image light magnified by being-
transmitted through the liquidcrystal panel 40 and the polarized
light transmission screen 390, and'projects it towards the front
of the stereoscopic image displaying apparatus 100b. 1In the
collimator 20, eachof the first and second linear Fresnel lenées
22a and 22b includes ridgelines parallel to or perpendicular
to the polarization axis of the linearly polarized light emitted
fromthe 0-degree rotation region 32a and the 90-degree rotation
region 32b. Thezrefore, the collimator 20 can collimate the
linearly polarized light for the oBserver, without transforming
the linear polarization of the image light'into the elliptical
polarization the linearly polarized light of the image light
which is emitted from the O-degree rotation region 32a and the
90-degree rotation region 32b, respectively. In this state,
when the transmission axis of the polarizer for the left eye
€2b is perpendicular to the transmission axis of the second
polarized 44, and the transmission ax1s of polarizer for the
right eye 62a is parzllel to the transmission axis of the second
polarizer 44, and by making the transmission axis of polarizer

62a for the right eye parallel to the transmissicn axis of the



second polarizer 44, the image can be displayed for the left
and right eyes of the observer separately with high precision.
According to the above configuration, aclear stereoscopicimage
with little cross talk canbe providad toanobserver, magnifying
the image displayed on the ligquid crystal paznel 40 to the desired
size.

(0066] In another embodiment, the 90-degree rotation

region 32b may be provided corresponding to the display region

48a for the right eye, and the O-degree rotation region 32a may

be provided corresponding to the display region 48b for the left

eye. Thereby, the linearly polarized light of the image light,

which is transmitted through the display region 48a for the right:

eye and the second polarizer 44, is rotated 90 degrees by the
90-degree rotation region 32, and is emitted. Ontheotherhand,
the linearly polarized light of the image light, which'is
transmitted through the display region 48b for the left eye and
the second polarizer 44, is transmitted through the O-degree
rotation region 22a with the same direction of its polarization
axis as at the incidence. In this case, the transmission axis
of the polarizer €2b for the left eye is provided parallel to
the transmission axis of the second pol_arizer 44, Moreover,
the transmission- axis of the second polafizer 44 is made
perpendicular to the transmission axis of polarizer 62a for the
right eye. In the polarized glasses 60, the transmissicn axis
of the second polarizer 44 is made perpendicular to the
transmission axis of the volarizer 62a for the xight eye. -
Moreover, the transmission axis of the polarizer 62b for the
left eye 1s made parallel to the transmission axis of the second
polarizer 44.

(00€7] Through the polarizer €2a for the right eye, the

linearlypolarizedlightwhichistranemittedthroughthadisplay

~.
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region 48a for the right eys and the second polarizer 44, and
is rotated by *90 degrees with the 90-degree rotation region
32b, reaches the right eye. Then, the linearly polarizedlight,
which is transmitted through the display region 48b fdr the left
eye and the second polarizer 44 and transmitted.through the
0-degree rotation region 32a without rotating the polarization
axis rotated, is absorbed. On the other hand., -the polarizer
€2b for the left eye makes the linearly polarized light, which
is transmitted through the display region 48b for the left eye
and the second polarizer 44 and is transmitted through the ,
0O-degree rotaticn region 3Z2a with the same direction of its
polarizationaxisasat the irfcidence, reach the left eye, Theﬁ;.
the linearly polarized light, which is transmitted through the
display region 48a for the right eye and the second polarizer
44 and rotated by *90 degrees by the 90-degree rotation region
32, is absorbed.

[(00€8] In addition, the diffuser 50 of this embodiment may
diffusethelinearlypolarizedlighttothehecrizontaldirection.
Moreover, when the light scurce 16 is a2 surface light source
having zn area substantially equal to that of the liquid crystal
panel 40, the stereoscopic image displaying apparatus 100b may
include amagnifying lens whichmagnifies the image l'i'ght emitted
fromthe liquidcrystal panel 40. Inthiscase, it is preferable
that the magnifying lens is the linear {:"resnel lens 22a and the
linear Fresnel lens 22b which include ridgelines perpendicular
to or parallel to the poiarization axis of the polarized light
emitted from the polarized light transmissicn screen 30. By
this, image light can be magnified to the desired size, without
rotating the polarization axis of the linearly polarizsd light
emitted from the polarized light transmission screen 30 or

turning the linearly polarized into the elliptically polarized



light.

(0069] Fig. & shows anapplicationcf the stereoscopic image
displaying apparatus 100b shown in Tig. 7. A rear projection
display 102 of this embodiment displays the stereoscopic image
magnified to the observer wearing the polarized glasses 60. In
addition to the configurati.on of Fig. 7, the rear projection
display 102 includes a reflecting mirror 80 which reflects the
magnified optical image projected by being transmitted through
the liquid crystal panel 40 and-the polarized light transmission
screen 30 and emits it to a collimator 20 and 2 front plate 90
provided on the observer side of a diffuser 50. The polarized
light transmission screen 30 is assembled in parallel to and
in the vicinity of the front surface of the liquid crystal panel
40. The reflecting mirror 80 is tilted with respe'ct to the
direction parallel to cr perpendicular to-the polarization axis
of the linearly polarized light which is transmitted through
the polarized light transmission screen 20. The front plate
90 reducesreflactionofoutdoordaylight by_antiglareprocessing
such as anti-reflection coating provided on the surface while
protecting the collimator 20 and the diffuser 50.

(00701 Inorder tomagnify the image displayedonthe liquid
crystal panel 40 to a desared size on the collimator 20, it is
necessary to ensure that the optical path length between the
polarized light transmission screen 30 and the collimator 20
ismorethanapredeterminedlength. Therearprojectiondisplay
102 assures the required optical path length without increasing
depth of the rear projection display 102 by including the
reflecting mirror E0.

[0071) Here, since the reflecting mirror 80 is tilted by
the angle to be parallel to or perpendicular to the polarization

axis of the linearly polarized light of the image for the left



eye and the image for the right eye emitted from the polarized
light transmission screen 30, the linearly polarized light for
the left eye and the image light for the right eye do not have
either P wave or S wave simultaneously. Therefore, the
reflecting mirror 80 reflects the linearly polarized light of
the 1mage for the right eye and the image for the left eye without
rotating its polarization axis or turning into the elliptically
polarizedlight,andemitsthemtothecollimatorzo. Therefore,
for the observer wearing the polarized glasses 60, the rear
projection disvlay 102 of this embodiment can providé a
stereoscopic image which is magnified to a desired size and has
little cross talk. 3
[(0072] Figs. 9 and 10 show the configuration of the
polarized light transmission screen 30. Fig. 9 further shows
a process by which the polarized light transmission screen 20
rotates in steps the linearly polarized light projectad on the
observer's right eye in the stereoscopic image displaying
apparatus 100z of Fig. 1. The polarized light transmission
screen 30 includes a patterned retarder 34 and a unpatterned
retarder 36 which all consist of half-wave retarders. The
patterned retarder 34 includes first rotation regions 3%a which
correspondta&hedisplayregions4Safortherighteyeandsecond
rotation regions 35b which correspend to the display regions
48b for the left eye of the liquid crystal panel 40, which are
alternately aligned along the vertical direction. The
tterned retarder 34 and the unpatterned retarder 36 may be
retarders whichhave the same function as the half-wave retarder,
respectively. For exanple, two 1/4 wave retarders may be
cecimbined, or four 1/3 wave retarders may be combined.
[0073) In this embodimsnt, the polarization axis of the

linearly polarized light emitted Irom the separate-type
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polarized light source 10a for the right eye is directed to the
vertical direction. Then, the angle of the optical axis of the

first rotation regions 35a is made $22.5 degrees with respect

to the polarization axis of a2 linearly polarized light. The .

direction of the optical axis of first rotation regions 3%a is
made #45 degrees with respect to the optical axis of the second
rotation regions 35b. Here, the optical axis means a fast axis
or a slowaxis of thehalf-wave rstarder. The thick arrows drawn
on the patterned retarder 34 and the unpatterned polarization
rotating plate 36 show the directions of the optical axes of‘Q"
the half-wave retarder in the drawing. Moreovér, the arrows
which go through the patterned retarder 34 ana the unpatterned:
retarder 36 show the optical. paths of the linearly polarized
lights which project the image. Then, the narrow arrows drawn
on the optical paths show the directions of the polarization
axes of a linearly polarized lights.

[(0074) The direction of optical axis of the unpatterned
retarder 36 1s uniformin the vertical direction, and the optical
axis is made perpendicular to the optical axils of the first
rotation regions 35a. Here, regions corresponding the first
rotation regions 35a of the unpatterned retarder36 and the first
rotation regicns 35a constitute the zbove-mentioned O-degree
rotation regions 32a, and regions corresponding to the second
rotationregions 35bof theunpatternedretarder 36 and the second
rotation regions 35b constitute the 90-degree rotation regions
32b.

[00795) The first rotation regions 35a rotate the
polarization axis of the linearly polarized light emitted from
the separate-type polarized light scurce 10a for the right eys
by +45 degrees. The second rotation regions 35b rotate the

polarization axis of the linsarly polarized light emitted from

—
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the separate-type polarized light source 10a for the right eye
by -45 degrees. The unpatterned retarders 36 rotates by -45
degr=es both of the polarization axis of the linearly polarized
light rotated +45 degrees by the first rotatior; regions 35a and
the polarization axis of the linearly polarized light rotated
by -45 degrees by the second rotation regions 35b. In addition,
positive dirsction means clockwise direction and the regative
direction means counter clockwicse directicon seen from traveling
direction of the light.

[007¢€) Consequently,thepolarizationaxisofthelinearlf
polarized light which is transmitted through the first rotation
regions 35a and the unpatterned retarder 36 is perpendicular.
to the polarization axis of the linearly polarized light which
is transmitted through the second rotation regioﬁs 35b and the
unpatterned retarder 36. For example, in this embodiment, the
polarization axis of thes linearly polarized light which is
transmitted through the first rotation regions 352 and the
unpatterned retarder 36 is directed to the vertical direction,
which is the same direction as the time of the incidence to the
patterned retarder 34. Then, the polarization axis of the
linsarlypolarized light whichis transmitted through the second
rotation regions 33b and the unpatterned retarder 36 isdirected
to the horizontal direction, which is perpendicular to the
direction at the time of the incidernce to the patternedretarder
34. '

{0077 Among the lights which are transmitted through the "
polarized light transmission screen 30, the first.polarizer 42
absorbs a@ linearly polarized light of which the polarization
axis isnhorizontal while transmittinga linearlypolarizedlight
with the vertical polarization axis through it. Therefore,

light is emitted to the display regions 48a for the right eye

P



37

corresponding to the first rotation region 35a, and the light
is not emitted to the display region 4&b.for the left eye
corresponding to the second rotation region 35p. Thus,. the
linearly polarized light for the right eye is emitted only to
the display regions 48a for the right eye, and it projects the
image light for the right eye ahead. _
(0078) That is, the 90-degree rotation regiops 32b rotate
the polarization axis of the linearly polarized light emitted
from the separate-type polarized light source 10a for the right
eye by 90 degrees by rotating it for a plurality ¢f times with?
3 TWo or more retarders of which the directions of the slow axes
differs with one another. 1In this case, the angle of the slow
axis with respect to the incident polarized light changes for
every retarder, and the vector components, of which the
polarizationphases delay, differ betweeneach of the retarders.
In this case, property of chromatic dispersion can be reduced
rather than the case where the phase having the same vector
component from the time of incidence to exit is continuously
delays with & retarder having the'uniform direction of a slow
axis. Therefore, the polarization axis of the linearly
polarized light cazn be rotatsd 90 degrees with sufficient
accuracy cver vwide range of wavelengths.

(0079] In addition, the 90-degre= rotation region 32b may
rotate the polarization axis of the linearly polarized light
by 90 degrees by three or more retarders. For example, when
constituting the 90-deqree rotation region 32b from four
half-wvave retarders, it tilts the first slow axis 11.25 degrees
with respect to the horizontal direction, and of each of the
second to fourth slow axes is further tilted 22.5 degrees in
thesamedirection, andtheyarecombinedwithone another. Thus,

when the linearly polarized light having horizontal polarized



axis is emitted to the 9C-degree rotation region 32b from the
first plate side, the polarization axis is rotated 22.5 degrees
by each of the first to fourth plates and the linearly polarized
light rotated 90 degrees isemitted.

[(0080] Since the direction of the optical axis is uniform,
the unpatterned retarder 36 of the present embodiment does not
have tomake alignment of the patterned retarder 34 in the four
directicns. What is necessary is to make the direction of the
optical axis perpendicular to the optical axis of the first
‘rotation regions 35a. Therefore, the direction of the :
polarization axis at the time of irradiated from the polarized
light transmissicn screen 30 can be decided according to the
position of first rotation regions 35a and second rotation
regions 35b, and it iz not influenced from the assembly error
of the patterned retarder 34 and the unpatterned retarder 36.
[0081) Furthermore, in the O-degree rotation regions 32a,
the unpatterned retarder 36 and the first rotation regicns 35a
rotate the polarization axis of the linearly polarized light
emitted from the separate-type polarized light source 10a for
the right eye to the opposite direction from each other. Here,
the optical axes, i.e., fast axes or the slow axes of the
unpatterned retarder 3% and the first rotation region 3%a are
perpendicular to each other. Therefore, the phase of the
component,whichistransmittedthroughthefirstrotationregion
35aandofwhichthephaseisdelayed,amongthevectoréompmmnts
of the incident polarized light, shift ahead by the same phase
asretardedagainstthecomponentofwhichthephaséisnotcmlayed
through the first rotation region 3%5a. Since this is the same
also in any visible light wave length region, the wavelength
dispetsionpropertygeneratedineither theunpatterned retarder

36 or first rotation regions 35a is cancelled by the other.
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HMoreover, when rotating the polarization axis of the linearly
polarizedlightwithtwohalf-waveretarders, andwhendirections
of rotaticn are opposite and the argles of rotation are equal
from/to each other, the chromatic dispersion properties
generated by the rotaticn will have substantially the same
absolute values, which have positive and negative values,
respectively. Therefore, the wavelength dispersion property
generated when each of the unpatterned retarder 36 and the first
rotation regions 353 rotates the polarization axis of the
linearly polarized light to an cpposite direction cancels thé;
other. Here, the patterned retarder 34 and the unpatterned
retarder 36 have the same chromatic dispersion properties.:
Thereby, the wavelength dispersion prcperty of the polarized
lightrotatedbythe first rotationregicn3%ais canceled further
accurately by the unpatterned retarder 36.

(0082) In addition, the O-degree rotation regions 3Zamay
consist of three or more retarders. For example, when the
O—degreerotationregion32aéonsistsoffourhalf-waveretarders,
the slow axis of the first plate is tilted 11.25 degrees with
respect to the horizontel direction, and the slow axis of the
secondplate is furthertilted22.5degreestothe samedirection.
Then the delaying axis of the third plate is made perpendicular
to the slow axis of the second plate, and the delaying axis of
the fourth plate is made perpendicular to the slow axis of the
first plate. When the linearly polarized light which includes
its polarization axis in the horizontal diraction is emitted
from the first plate side of the O-degree rotation region 32a
formmiinthisway,thepolarizationaxisisrotatedZZ.Sdegree
by each ot the first and s=zcond plates in the same direction,
and is oppositely rotated the same angle, i.e., 22.5 degrees

egach, by the third and fourth plates. Consequently, the

.



direction of the polarization axis of the linearly polarize
light isrotatedtothe same directionas at thetime of incidence,
i.e., the horizontal direction, and then it is emitted.
[(0083] As is apparent fromthe above-mentioneddescription,
in the polarized light transmission screen 30 according to the
present embodiment, when the linearly polarized light emitted
fromtheseparate~-type polarized light source 10a is transmitted
through the 0-degree rotation regions 32a and the 90-degree
rotation regions 32b, the polarization axis of the linearly
polarized light czn be perpendicular to the transmission axi§
of the polarized light transmission screen 30 precisely over
a wide range of wavelengths. Therefore, in the first polarizet.
42, the highly precisely linearly polarized lights méy be
filtered with high precision. That is, ‘while emitting.the
polarized light for the right eye efficiently to the display
regionsg 483 for the right eye, the polarized light for the right
eye may be certainly absorbed over wide wavelength range to the
display regions 48b for the left eye.

(G084} In addition, even if the polarized light
transmission screen 20 changes the order of the arrangement of
the patterned retarder 34 and the unpatterned retarder 36, it
includes the same effact as the above-mentioned example. That
is, the unpatterned retarder 36 first rotates the polarization
axis of the linearly polarized light emitted -from the
separate-type polarized light source 10a for the right eye by
-45 degrees. Next, thez first rotation region 35a rotates the '
polarization axis, which was rotated by -45 degrees by the
unpatterned retarder 36, by +45 degrees. On the other hand,
the sacond rotation region 35b rotates the polarization axis,
which was rotated by -49 degrees by the unpatterned retarder

36, by -45 degrees further.
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[0025) Moreover, the patterned retarder 34 and the
unpatterned retarder 36 may rotate the polarization axis of the
emitted linearly polarized light to the opposite directionwith
respect to the above-mentioned example. For example, the first
rotation region 25a may rotate the polarization axis of the
linearly polarized light by -45 degrees emitted from the
separate-type polarized light source 10a for the right eye. 1In
this case, the second rotation regicn 25b rotates the
polarization axis of the linearlypolarized light by +45 degrees
emitted from the separate-type polarized light source 10a for:
therighteye. Then, theunpatternedretarderBGfurtherrotates—
thepolarizationaxisby+45degreeswhichwasrotated+45degrees.
by thesecondrotationregion 35bwhilerotating the polarization
axis by +45 degrees which was rotated -45 degrees by the first
rotation regicn 33a. Also in this case, the same effect as the
above-mentioned example is acquired.

[008¢€) Fig. 10 shovs a process by which the polarizedlight
transnission screen 3C shown in Fig. 9 rotates in steps the
linearly polarized light projected on the cbserver's left eye.
In this embodiment, the polarization axis of the linearly
polarized light emitted from the separate-type polarizedlight
source l0b forthelefteyeisthepolarizationaxiscof thelinearly
polarized light emitted from the separate-type polarized light
scurce 10a for the right =ve, i.e., the horizontal direction.
The first rotation regions 25a rotate the polarization axis of
the linearly polarized light by +45 degrees, which is emitted
from the separate-type polarized light source 10b for the left
eye. The second rotation regions 33b rotate the polarization
axis of the linearly polarized light by -45 degrees, which is
emitted from the polarization separate-type polarized light

source l0a for the left <ye.



[0087) The unpatterned retarders 36 rotates the linearly
polarized lights, vhich are rotated by +45 degrees by the first
rotation regions 3%a and rotated by -45 degrees by the second
rotaticn regions 35b, by -45 degrees. Consequently, the
polarization axis of the linearly polarized light transmitted
through the first rotation regions 35a and the unpatterned
retarder 36 is perpendicular to the polarization axis of the
linszarlypolarizedlight transmitted through the second rotation
regions 35b and the unpatterned retarder 36. For example, in
thisembodiment,thepolariza;ionaxisofthelinearlypolarizaﬁ
light transmitted through the first rotation regions 35a and
the unpatterned retarder 36 is rotated to the horizontal
direction, which is the same as the time of the incidence to
the patterned retarder 34. Then, the polarization axis of the
linearlypolarizedlight,whichistransmittedthroughthesecond
rotation regions 35b and the unpatterned retarder 36, is rotated
to the vertical direction, which is perpendicﬁlar to the
direction in which the linsarly polarized light enters into the
patternedretarder 34. _ ‘

(o088} In the'polarized light transmissién screen 30
accordingtothepresentembodiment,whenthelinearlypolarizaﬂ
light emitted from the separate-type polarized light source 10b
is transmitted through the O-degree rotation regions 32a and
90-degree rotation regions 32b, the polarization axis of the
linearlypolarizedlightcanbeéerpendiculartothetransmission
axis of the polarized light transmission screen 30 precisely .
over a2 wide range 'of wavelength. Therefore, in the first
polarizer42, thehighlypreciselyorthogonal linearlypolarized
lights may be filtered. That is, while emitting the polarized
light for the left eye efficiently to the display regions 48b
for the left eye, the pclarized light for the left =ye may be



certainly absorbed over wide wavelength range to the display
regions 48s for the right eye.

(0089) As mentioned above, as is apparent from the
description wath reference to Fig. 9 and Fig. 10, according to
the polarized light transmission screen 20 according to the
present embodiment, thevertical orhorizontal polarizationaxis
of the linearly polarized light can be perpendicular to the
transmission axis of the polarized light transmission screen
30 precisely over a wide range of wavelengths. Therefore, the
stereoscopic image displaying apparatus 100 can separate the
polarized light for the left eye and the linearly polarizedlight
for the right eye with high precision to the left and right eyes-
of the cbserver by the highly precisely orthogonal polarized
light being transmitted through the first polarizer 42 or the
polarized glasses 60. Therefore, regardless of whether the
glasses system or the glassless system is to be employed, the
stereoscopic image displaying apparatus 100 can display a clear
stereoscopic image with little cross talk by using the polarized
light transmission scresn 30.

{0090]) In addition, the optical axis of the first rotation
regions 35a may form £22.5 degrees with respect to ths
polarization axis of the linearly polarized light emitted from
the separate-type polarized light scurce 10b for the left eye.
Also in this case, like the above-mentioned example, the
direction of the optical axis of the second rotation regions
35b is directed so as to form 145 degrees with respect to the
optical axis of the first rotationregions 35a, and the direction
of the optical axis of the unpatternsd ratarder 36 is made
perpendicular to the optical axis of first rotation regions 3%a.
Then, the porticn corresponding to the first rotation regions

35acfthe unpattarnadretarder 35 and the first rotation regions
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35a constitute the 0-degree rotationregions 32a, and the portion
corresponding to the second rotation regions 35b of the
unpatterned retarder 36 and the second rotation regions 35b
constitute the 0-degree rotation ragions 32a.

(0091) As is apparent from the foregoing description, the
sterecscopic image displaying apparatus 100 according to the
present embodiment can display a clear sterecscopic image with
little cross talk.

{0092) In addition, the relative‘angles between the
polarization,transmission,oropticalaxesofanytwocomponau;
among the polarizer 14, the linear Fresnel lens 223, the linear
Tresnel lens 22b, the first polarizer 42, the second polarizer:
44,thepatternedretarder34,theunpatternedretarder36,and
the polarized glasses 60 do not need to be strictly equal to
the relative angles described in the present embodiment. The
relative angle may shift from the relative angle described in
the present embodiment within limits where the cross talk of °
the stereoscopic image which reaches the observer dose not cause
the problem in the stereoscopic vision. It is apparent that
such configuration also belongs to the technical scope of the
present invention.

[0093] Although the present invention has been described
bywayofexemplaryembodiment,theséopeofthepresentinvention
1s not limited to the foregoing embodiment. Variocus
modifications in the foregoing embodiment may be made when the
present invention defined in the appended claims is enforced.
It is obvious from the definition of the appended claims that
embodiments with such modifications zlso belong to the scope

of the present invention.
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CLAIMS

1. A polarized light transmission screen capable of rotating a polarization axis of a
linearly polarized light, comprising :

a patterned retarder alternately including along a vertical direction: first rotation
regions of which an optical axis forms +22.5 degrees with respect to the polarization axis
of the linearly polarized light emitted into the polarized light transmission screen having a
polarization axis of a specific direction; and second rotation regions of which an optical
principle axis forms +45 degrees with respect to the optical axis of said first rotation
regions, wherein said first rotation regions and said second rotation regions consist of half-
wave retarders; and

an unpatterned retarder, which is a half-wave retarder of which a direction of an
optical axis is uniform in the vertical direction, wherein a direction of the optical axis is

perpendicular to the optical axis of said first rotation regions.

2. A polarized light transmission screen capable of rotating a polarization axis of a
linearly polarized light, comprising:

a 90-degree rotation region including in piles a plurality of retarders of which
directions of optical axes differ from one another, wherein each of said plurality of
retarders rotates the polarization axis less than 90 degrees in steps so that said 90-degree
rotation region rotates the polarization axis by 90 degrees in total by transmitting a linearly
polarized light having a polarization axis of a specific direction; and

a 0-degree rotation region including in piles a plurality of retarders of which
directions of optical axes differ from one another, wherein each of said plurality of
retarders rotates the polarization axis to both the positive and negative directions by the
same degree so that said O-degree rotation region emits a linearly polarized light having a
polarization axis with the same direction as a time of incidence by transmitting a linearly

polarized light having a polarization axis of a specific direction.
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3. The polarized light transmission screen as claimed in claim 2, wherein at least one of
said plurality of retarders of said 90-degree rotation region and said 0-degree rotation

region is an unpatterned retarder.

4. A polarized light transmission screen capable of rotating a polarization axis of a
linearly polarized light, comprising:

a patterned retarder including first rotation regions which rotate a polarization axis of
a linearly polarized light, having a specific direction, by +45 degrees and second rotation
regions which rotate the polarization axis of the linearly polarized light by -45 degrees,
which are aligned alternately along a vertical direction; and

an unpatterned retarder which rotates each of the axis of the linearly polarized light
rotated by said first rotation regions and the linearly polarized light rotated by said second
rotation regions by -45 degrees, wherein a retardation property of said unpatterned retarder

in the vertical direction is uniform.

5. The polarized light transmission screen as claimed in claim 4, wherein a wavelength
dispersion property of said first rotation regions and a wavelength dispersion property of

said unpatterned retarder are the same as each other.

6. A stereoscopic image displaying apparatus, comprising:

a polarized light transmission screen of claim 4;

a light source;

a liquid crystal panel, which is provided between said light source and said polarized
light transmission screen and faces said polarized light transmission screen, wherein said
liquid crystal panel includes display regions for a left eye capable of displaying an image
for the left eye corresponding to one of said first rotation regions and said second rotation
regions, and display regions for a right eye capable of displaying an image for the right
eye corresponding to the other one of said first rotations regions and said second rotation
regions, wherein said display regions for the left eye and display regions for the right eye

are aligned alternately in a vertical direction, and said liquid crystal panel emits only a
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linearly polarized light having a specific direction for emitting it into said polarized light
transmission screen; and

a polarized glasses including: a polarizer for a right eye capable of absorbing the
linearly polarized light transmitted through said display regions for the left eye and said
polarized light transmission screen, and to transmit the linearly polarized light transmitted
through said display regions for the right eye and said polarized light transmission screen;
and a polarizer for a left eye capable of absorbing the linearly polarized light transmitted
through said display regions for the right eye and said polarized light transmission screen,
and to transmit the linearly polarized light transmitted through said display regions for the

left eye and said polarized light transmission screen.

7.  The stereoscopic image displaying apparatus as claimed in claim 6, wherein when
said display regions for the right eye correspond to said first rotation regions, said
polarizer for the right eye includes a polarized light absorption axis perpendicular to a
polarization axis of the linearly polarized light emitted from said liquid crystal panel, and
said polarizer for the left eye includes a polarized light absorption axis parallel to a

polarization axis of the linearly polarized light emitted from said liquid crystal panel.

8. The stereoscopic image displaying apparatus as claimed in claim 6, wherein when
said display regions for the left eye correspond to said first rotation regions, said polarizer
for the left eye includes a polarized light absorption axis perpendicular to a polarization
axis of the linearly polarized light emitted from said liquid crystal panel, and said polarizer
for the right eye includes a polarized light absorption axis parallel to a polarization axis of

the linearly polarized light emitted from said liquid crystal panel.

9. A stereoscopic image displaying apparatus, comprising:

a polarized light transmission screen of claim 4;

a separate-type polarized light separately including a light source for a right eye
capable of irradiating a linearly polarized light for the right eye and a light source for a left

eye capable of irradiating a linearly polarized light for the left eye, on the either side;
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a collimator capable of projecting the linearly polarized light for the left eye in a
direction of the observer’s left eye while projecting the linearly polarized light for the right
eye in a direction of the observer’s right eye; and

a liquid crystal panel which includes: display regions for a right eye transmitting only
the linearly polarized light of which polarization axis is parallel to the polarization axis of
the linearly polarized light irradiated from said light source for the right eye to display an
image for the right eye in a position corresponding to said first rotation regions; and
display regions for a left eye capable of displaying an image for the left eye in a position
corresponding to said second rotation regions, wherein said display regions for the right

eye and said display regions for the left eye are aligned alternately in a vertical direction.

10. A stereoscopic image displaying apparatus, comprising:

a polarized light transmission screen of claim 4;

a separate-type polarized light separately including a light source for a right eye
capable of irradiating a linearly polarized light for the right eye and a light source for a left
eye capable of irradiating a linearly polarized light for the left eye, on the either side;

a collimator capable of projecting the linearly polarized light for the left eye in a
direction of the observer’s left eye while projecting the linearly polarized light for the right
eye in a direction of the observer’s right eye; and

a liquid crystal panel which includes: display regions for a left eye transmitting only
the linearly polarized light of which polarization axis is parallel to the polarization axis of
the linearly polarized light irradiated from said light source for the left eye to display an
image for the left eye in a position corresponding to said first rotation regions; and display
regions for a right eye capable of displaying an image for the right eye in a position
corresponding to said second rotation regions, wherein said display regions for the right

eye and said display regions for the left eye are aligned alternately in a vertical direction.

11. The stereoscopic image displaying apparatus as claimed in claim 9, wherein said

collimator comprises:
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a first linear Fresnel lens which includes ridgelines extended along a direction
perpendicular to the polarization axis of the linearly polarized light for the right eye; and

a second linear Fresnel lens which includes a ridgeline extended along a direction
parallel to the polarization axis, wherein

said first linear Fresnel lens and said second linear Fresnel lens are stacked in pile in

a traveling direction of the linearly polarized light.

12. The stereoscopic image displaying apparatus as claimed in claim 9, wherein said
collimator comprises:

a first cylindrical lens which includes ridgelines extended along a direction
perpendicular to the polarization axis of the linearly polarized light for the right eye; and

a second cylindrical lens which includes a ridgeline extended along a direction
parallel to the polarization axis, wherein

said first cylindrical lens and said second cylindrical lens are stacked in pile in a

traveling direction of the linearly polarized light.

13. A polarized light transmission screen capable of rotating a polarization axis of a
linearly polarized light, comprising:

an unpatterned retarder which rotates a polarization axis of a linearly polarized light,
having a specific direction, by -45 degrees, wherein a retardation property of said
unpatterned retarder in a vertical direction is uniform; and

a patterned retarder including first rotation regions which rotate the polarization axis
of the linearly polarized light by +45 degrees and second rotation regions which rotate the
polarization axis of the linearly polarized light by -45 degrees, which are aligned

alternately along a vertical direction.

14. A polarized light transmission screen capable of rotatirfg a polarization axis of a
linearly polarized light, comprising:
a patterned retarder including first rotation regions which rotate a polarization axis of

a linearly polarized light, having a specific direction, by -45 degrees and second rotation
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regions which rotate the linearly polarized light by +45 degrees, which are aligned
alternately along a vertical direction; and

an unpatterned retarder which rotates each of the axis of the linearly polarized light
rotated by said first rotation regions and the linearly polarized light rotated by said second
rotation regions by +45 degrees, wherein a retardation property of said unpatterned

retarder in the vertical direction is uniform.

15. A polarized light transmission screen capable of rotating a polarization axis of a
linearly polarized light, comprising:

an unpatterned retarder which rotates a polarization axis of a linearly polarized light,
having a specific direction, by +45 degrees, wherein a retardation property of said
unpatterned retarder in a vertical direction is uniform; and

a patterned retarder including first rotation regions which rotate the polarization axis
of the linearly polarized light by -45 degrees and second rotation regions which rotate the
polarization axis of the linearly polarized light by +45 degrees, which are aligned

alternately along a vertical direction.
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