;edezwd @$6ZTT" &0 5 S E P 2002 SPECI FI CATI ON  HOLOGRAM TYPE
POLARI ZED- LI GHT SPLI TTI NG ELEMENT Thi s application is the nationalggqﬁfqmn
“under 35 U.S.C. 371 of PCT International Application No. PCT/JP99/004

whi ch has an International filing date of February 3) 1999, which
designated the United States of America. TECHNI CAL FI ELD TO THE

| N\VENTI ON PERTAI NS The present invention relates to a polari \z/m,ﬁfmmwmm
for taking only unidirectional plamrRoiEr¢aZEN i ght out of n |

being so called indefinitely polarized |ight. BACKGROUND OF THE |1N¢ENTI ON A

conventional liquid crystal projector (LC projection display ) is provided
with a liquid crystal display panel that necessarily uses a polarizing

plate for cutting ifosinecessarpoaianentcHr @prliahineow geisne t her ef rom
for formng an i mage. However, a conventional dichroic type polarizing

pl ate absorbs unnecessary |ight that beconmes heat energy for internally
heating the plate, causing prenmature deterioration of the plate.

Accordingl y) regenl boRIOLESher s uaR) NSEA] gftheupaLeTiEi gL RLate. 2

"pol ari zed- beam aving a m coat ~deposl er eon’ or
diffracti ontype (pphartzi SEM S H1SH0589 NG . FPPRnass L at ent
Bubl | st | on UPBEPEEEL LEt Eindt ESTERL ﬁquoqf FB A RELCR

has an International filing date of February 3, 1999, which

designated the United States of America.

TECHNICAL FIELD TO WHICH THE INVENTION PERTAINS
The present invention relates to a polarizing element for
takingonly unidirectional plane-polarized light out of natural

light being so called indefinitely polarized light.

BACKGROUND OF THE INVENTION

A conventional liquid crystal projector (LC projection
display) is provided with a liquid crystal display panel that
necessarily uses a polarizing plate for cutting off unnecessary
components from light outgoing therefrom for forming an image.
However, a conventional dichroic type polarizing plate absorbs
unnecessary light thatbecomesheat energyforinternallyheating
the plate, causing premature deterioration of the plate.
Accordingly, recent LCprojectors use, instead of the polarizing
plate, a polarized-beam splitter having a thin-film coat
deposited thereon or diffraction type polarizing elements

disclosed in Japanese Laid-OpenPatent PublicationNo. 61-240204
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and No. 62-249107 and Japanese Patent No. 2594548 (Japanese Lai d- Open Pat ent
Publ i cati on No. 63-26604 ) . However, the above described conven g%ﬁ?l

nmet hods have the follow ng drawbacks: The thin-fil m deposited ty% 2007
pol ari zed-beam splitter is constructed of two gl ass-nmade prisns bonded to
each other, which is thick and) therefore, is not so small and light to be
usable in liquid crystal projectors. Nanely, the use of this type beam
splitter asaadpdaari&nzd Pl@t eand dapagbseobapenti Ng. poP4d6H Ofapabésmi d
crystal projector necessarily elongates a back focal |ength of a projector
| ens and) t hefi@bypetarsaeritheumgadaftaon Nor.eas-agea4di aneter of the
projection lens) a projection distance and a wei ght of a whole optical
system The appdwaién) tofe bbevdi ddsacthan coyipenpobasl math@iehene the
descri bed in Japanese Lai d-Qpen Patent Publication No.61-240204 as an

emer gent - si ge 1p@hd@mneZ id¥hwadlk :cannot produce a wel |l -contrasted clear inage
since the el enent cannot conpletely split polarized |ight ) causing | eakage
of light . The wid ffRchionihyaephol asdzt Hfe epe1BAL 2 d@Siddrhesp 1 Nt dapanese
Pat ent No. 2594548 (Japanese Lai d- Open Patent Publication No.63-26604)as

conpar ed W thnihe RtEest 19b Japanastyd prdsibedndaterd eRuRId G, on Non
61- 240204 has a hi gher degree of polarized-beam separation, a higher

contrast andsargiBkl &5 Warlr@rdhle depaiviert shdf1 agld eogei ffebengathat s
estimated at a value of dispersion of refracting nmedia. This el enent,
however, canRoiifaye Grys¥&e pdtofibbaeksONandle BREaAL 0ot 1ai SHRbE beam
differential refractive 2 8 5 S E P 2002 index of its diffraction
grating. Thepuse +@fr bhi & gbeERRNLiA§ P1LOE bt Z nggﬂkabatgﬂttbﬁ?qs@fgﬁqsﬁ si de
of aliquid crystal projector elongates a back focal Iength of a projection
| ens. The hglragnagutiiperpot a1 pzedebighinsdlsslEriing &l @iRite deweickbestan
Japanese Lai d- Qpen Patent Publication No. 62-249107 has an excellent .

pol ari zed- | hghlgteploft &i pgogbthkbirylans a@nd Argrrsy,t tangeanghe heiéd hesr an
incident light falling thereto at a large angle to a |ine perpendicular to
t he hol ogr aomplraae,ingeGlli didane tted agfetiver i ofestibne. 1eiher ed opeg jédieiase of
this elenent as an energent-side polarizing plate in a liquid crystal

proj ect or mAysalenece eopd ree welighgabifom whodebeapkifatatysitest ance of a
projection lens. In view of the foregoing, the present invention was nade
to provide a hdtlogrepplijgaddioneds | tlghddffiratt hign ey pvleapabheg efement
effectively splitting polarized |light with no absorption of unnecessary

li ght, i.e.)eslchibestimdaprhrepedsiibiPpey Pottepsibvy Licatddnip -absor4feP4 i ght
and of deterioration by heat, which elenent is so light and snmall to forma
conpact opt BSal a®yseBATIFRE -pLasenpolambmindn Pletyl seaappectRBOgece donpact
liquid crystal display device using the above-described el enent. SUMVARY OF
THE | NVENTI BR1AN comte@s t6d ¢HeahiBserts intrete 6hCPent §apraeti Rl etely

hol ogram type _pol arj zed- || ghtsplittingel ement made_ of a gl ass, substrate with
a hoIogran1FBF&&P?%E%%%#P?lﬁﬂgcﬁagﬁé%&ﬂe %Rﬁﬂ?gpﬁc&&&ﬂlﬁﬁiﬁﬁt%QRC)tmo

| ane-pol arized (| near | ari zed) 3
P P typeéoiarf&i%@%ﬁementdgscribedinJapanesePatentNo.2594548

(Japanese Laid-OpenPatent PublicationNo. 63-26604) as compared
with the element of Japanese Laid-Open Patent Publication No.
61-240204 has a higher degree of polarized-beam separation, a
highex'contrast and a smaller wavelength-dependent diffraction
difference that is estimated at a value of dispersion of
refracting media. This element, however, cannot have a large

diffraction angle because of a small differential refractive



O 5 S E P 2002 conponents having polarization directions perpendicular to
each other by allow ng one of the conponents to pass the hol ogram after
diffraction and the other conponent to pass straight w thout di f 8 paEPi B ,
and which el enment can select and emt only the non-diffracted

pl ane- pol ari zed conponent of the light in the specified direction and, at
the same tine ) can further reflect the cliff ratted plane-pol arized
conponent atinfleastfoate diférbouhdaryrdbeingerTehaisy afs tbalsselenentnas

medi um surroundi ng the elenent. This elenent can thus split incident |ight
at high accar peyanttzingo pdlaser pni aheokmemgecessany bfght ltQupdnenystdat may
becone thermal energy as observed in the conventional dichroic absorption
type |ight pebaeczomgekbagents & Nercd¥ddalcasngeh ndfian piogkctebhabehsty of
performance for its long service life . The elenent is a thin plate that
can form a vgeYh&PIPREH- Bffle | AMriepd-alghty spei t th i 1&hentt §8schbEved

di sposed at right angles to an optical axis of the system Another object
of the presentjhpysattonais-bfeP MR 2ubakegt abhtyPe dr0lardi12gdn ki g
splitting el enent nade of a glass substrate with a hol ogram forned thereon,
in which thexbBehagham ps18tv¥e8adiighactdan roRer bbesitor L akni Ndrge
diffracted pl ane-pol ari zedl i ght and non-di ffracted pl ane-pol ari zedl i ght
froma p-pl apeipelian aagieopReneas andimcsadi@nayp@ aaiiedgconppdedtat
respectively, of incident light at a high separation degree by diffracting
the former gompegentngPet tavel 1ime E}i&ﬁﬂﬂﬁ(‘ddm el thBJha16gPanh aii&e angl e
of 60 degrees with the travelling direction of the latter. 4 O5SEP
2002 Still peghhefingbhedbrok WbekBhgSephceNVeRbrefotrs, t EnPre¥éder this

ahol ogram type pol ari zed-light splitting Plement nmadeo.f_ a glass substrate
with a hol ogrameherdedntdmd @t igiadpehatheih@bogian i & 1giuad ehifd£act i on
properties for obtaining diffracted pl ane-polarized |ight and

non-di f frachedjpktane-pay alzetdehught éIomgat porplone-patiatovead eonponent and
a s-plane-pol ari zed conmponent, respectively, of incident light at a high
separati on degaeerbyeditibnadteinsg the former conponent to travel in the
direction nmaki ng a separation angle of 48.2 degrees with the travelling
direction of tHea hatewerof Alfeurfidregodpjgectthef prheept esementhoentaomade t o
provide a liquid crystal projection display having a conpact optical system
with a shor tolmuieiideahadicararceo bdrized ol kght snliehingwhiestentorgpralses a
liquid crystal panel and at least a first polarizing elenent and a second
pol ari zi ng efeakfecoivele spiditddmo ppdarined tHahdneiyomo sbderprreepezt i vel y
) of the liquid crystal panel , in which each polarizing elenent is a

hol ogr am t ypRRp6REFREEAL 19lRt 511+ t eLAF1BPEABAL The BOsdilhvg 1E6 vt 08 Yadexent
invention, which elenment can_split incident |light into two polarized
conponent s BE2RPGhPEoAPFaEPedi +Holb FhofordederAgrREAPBIP B3 Hntwhich
absorption and has no need for e|on ing a back focal length of its

o coting PARESH BR e L SERE P RTRL LT ZORAS NEERA G OB T LAY SATRRM-or

expl al i ng how o dent, LLoNt o 3590 A4 £ 3880 Myt

display device using the above-described element.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
hologram-type polarized-light splitting element made of a glass
substratewithahologramformed thereon, which element can split

incident light into two plane-polarized (linearly polarized)



5 0 5 SEP 2D02 hol ogramtype pol arized-light splitting elenent. Fig. 2 is
a view for explaining the principle of setting diffracting propeq}ﬁggpﬁ@f a
hol ogram t ype pol ari zed-1ight splitting el ement according to the pr n
invention. Fig. 3 is a schematic construction view of a hol ogramtype
pol ari zed-1ight splitting el enment enbodying the present invention. Fig. 4
Is a view for explaining howto prepare a hol ogramtype pol arized-|ight
splitting ecempnteshewmvindgpgladizatfjon8iirecaiovharenthien ddonderust ¢aeh vi ew
of another hol ogramtype polarized-light splitting el enent enbodying the
present invemnheanbyFaflowhnbsSoaevoewlierceaxplramiang hewsisotpeepal @gaam
hol ogram type pol ari zed-light splitting el enment shown in Fig. 5. Fig. 7 is
a schemati cagaBst QUGfiraittdoew afd essendtiadr postpansnioft@ pagsi straystal
projection display according to an enbodi ment of the present invention.
Fig. 8 is ayseReuRtdLr £PASLIGET i20/@ Whevh Fflepmsentarlsepeidt ang emit only
the non-diffracted plane-polarized component of the light in
the specifieddirectionand, at the same time, canfurtherreflect
the diffracted plane-polarized component at least once at a
boundary between the glass substrate and medium surrounding the
element. This element can thus split incident light at high
accuracy with no absorption of unnecessary light component that
may become thermal energy as observed in the conventional
dichroic absorption type light polarizing element, thereby it
canmaintainhighreliability of performance for its longservice
life. The element is a thin plate that can form a very compact
and light optical system in which it can be disposed at right
angles to an optical axis of the system.

Another object of the present invention is to provide a
hologram-type polarized-light splitting element made of a glass
substrate with a hologram formed thereon, in which the hologram
is given diffraction properties for obtaining diffracted
prlane-polarized light and non-diffracted plane-polarized light
from a p-plane-polarized component and a s-plane-polarized
component, respectively, of incident light at a high separation
degree by diffracting the former component to travel in the

direction making a separation angle of 60 degrees with the

travelling direction of the latter.



of aliquid crystal projection display according to another enbodi nent of
t he present invention. DETAILED DESCRI PTI ON OF THE PREFERRED ENBO@ﬂﬁﬁﬁ?@?
hol ogram type pol ari zed-lightsplittingel ementaccording to the presen
invention is a glass substrate with a transmtting-type hol ogram fornmed
thereon for diffracting one of plane-polarized conponents of natural
incident light 6 05 S EP 2002 vertically entering the el enent and

all owi ng the ot$eilplanehpa abijzred cdribenentseet dendinduloar 18 cd peolvadeer
conponent to pass therethrough without diffraction. The hol ogram has a
speci fied graidTggeag! eypavpdilArikbackngss spndtr ehpadiemes tinideXo T a0Qgas§0 as
to diffract polarized light at a specified angle necessary for obtaining

hi gh di ffraghisyteffd ¢iency nandgtr-ahmatddmeé@itheetony 1n ghtichrom aologram
gl ass-to-air boundary of the glass substrate. The preferred enbodi nents of

the present signvghyeAn addfree dasChibperbebow et hoved sl angeatieriheted
acconpanying drawings. Fig. 1 is a view for explaining |ight rays

diffracted anddd-ansidtiAd Pyght RekowRradsme RURp1 Z266-ho o S04 htbhRg
el ement according to the present invention, which el enent conprises a

hol ogram 1 and,@ Yrgss1sndshéeiLized! PolbSnerdt  ah§ehesi-p1aheWBonatyzah
incident light I , Tirst plane-polarized light (transmtfted Iight) E1 and

second pl aneRplHdAedrbsPBEL EvaL Y IFACI £6i déMPY ihnE2at Bk gi? skpaRatigW for
explaining a diffraction angle selecting nethod applied to the

hol ogram t ype J3Qd @ &t A3 131 ithld FhraleemidhpeaeardiBy ti-avkhe i pr eagnt
invention , where d’is a hologramthickness) 8 is an angle of incident

l'ight and Ogiire i Nk i9g ameegarhthbghinyi & hof efPertaddR < WHREI RBEY
| i ne perpendicular to the hol ogram surface. A hol ogramtype

pol ari zed- | ivghtadliitdd noel B eordiend sit@etkhe present invention is

constructed of a glass substrate 2 with a hologram 1 forned thereon . The

hologram 1 i s apvehtket YRSt F B2he® BrEs€RP2invention is to provide a
liguidcrystalprojectiondisplayhavingacompactoptical system
with a short back-focal distance of a projection lens, which
comprises a liquid crystal panel and at least a first polarizing
element and a second polarizing element on the incident side
and the emergent side, respectively, of theliquidcrystal panel,
in which each polarizing element 1is a hologram-type
polarized-light splitting element according to the present
invention, which element can split incident light into two
polarized componentsathighcontrastwithno fearof beingheated

by light absorption and has no need for elongating a back focal

length of its projecting lens.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a view for explaining how incident light is split

into diffracted light and transmitted light by means of a



phase hol ogram whose material and thickness are selected so that it

achi eves possibly highest diffraction efficiency. The hol ogram 1 pggfreygh a
preset diffraction angle that it may nost accurately split natural |ight
into two pl ane-pol arized conponents whose pol ari zation directions are

per pendi cul ar to each other. One conponent is first plane-polarized |ight
El passing the hologram 1 w thout being diffracted and the other is second
pIane-polarﬂb&kPQK@WntEQed@@$@%&ﬁ@ﬁrlﬁék?uﬁnﬁﬂ?ﬁﬂ%ﬂnQﬂenﬁéﬂérring to Fig. 2,
the concept of setting diffraction properties of the hologramw || be
descri bed bel owigeccadrdieng vdewhEoKoeephikningotipd epi-esieple of setting
theory,diffraction efficiency r) of the volune-type phase hol ogram can have
t he fol | ow ng fEbaqaestionpfoteytbast iercandidliagrathdrywe palaralzecr-ptiiobn by
material and Bragg's condition is satisfied. r~=sin 2 (v) ( 1) Kd v= (2)
cos 0 cos 63pAnanpie &lemetet bycdoxgiinqoto dilid nacdischt nisivéa tiloa .hol ogr am
with the |ine perpendicular to the surface of the hologramis equal to an
angle 0 of inciHept 3ighta sthembeiequatsond®)on kiiess odl & el graupltiypeg
coefficient . Polarized light p and polarized |ight s may have different
coupl i ng cogfdiiztend&- kpgland d4sl inasiprct elehmgnt~cembodyings (thedSprEe3ena O
5 S E P 2002 Wn, Consequently, p-plane-polarized |light and

s- pl ane- pol amzag:1dght have di fferent values of diffraction efficiency. A
p- pl ane-pol arized light diffracting hol ogramtype polarized-light splitting
el ement [ definedgl i t£ka viéwif ottt pglaaten idid horato mrepdfe aieogranptlpeor

p- pl ane-pol ari zed lights and diffraction efficiency ~~s=0 for

S- pl ane- pol ardl1zeci 1edhl igihes el Direing widnkraintshown aire Falt.aidned accor di ng
to Equation ( 1) . FromEquations (2)) (3) and (9)) the foll ow ng
condition can bBideri¥edis ~@- 8Fché@fat{by construction view of another

hologram-type polarized-light splitting element embodying the
present invention.

Fig. 6 isaview for explaining how to prepare a hologram-type
polarized-light splitting element shown in Fig. 5.

Fig. 7is aschematic constructionview of essential portions
of aliquid crystal projectiondisplayaccording to an embodiment
of the present invention.

Fig. 8 is a schematic constructionview of essential portions
of a liquid crystal projection display according to another

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A hologram-type polarized-light splittingelement according
to the present invention 1is a glass substrate with a
transmitting-type hologram formed thereon for diffracting one

of plane-polarized components of natural incident 1light



8 is equal to O when incident light enters the hol ogram perpendicularly to
the top surface of the hologram Wen Bs is equal to 60, the diffrﬁﬁgf?%
efficiency can be set to 1 for s-plane-polarized |ight and the dif é i@ﬂ
efficiency can be set to O for p-plane-polarized light. In this instance,
the first plane-polarized |light E1 beconmes s-plane-polarized |light and the
second pl ane-pol arized |ight E2 becones p-plane-polarized Iight as shown in
Fig. 1. As arcekbnpltyoferstariplaantéhpol alémenit | iagiet dilipwanpi nghe other

hol ogram type pol ari zed-light splitting element (defined in claim 3],

val ues v forpbapt anel poi aed zedpbnght pangepdilcaierpol tié fedmerghimpmaent
satisfy the condition v=[err]and v=3~,/2

respecti vel yt &ipadardryd odqadd g (A hiohef akFeweogiocnndité dmoBogrdn HhaSE aP
2002 is ohtained: (0) Accordingly) the diffraction efficiency values 1 and
0 are obtai ngsked0f i 6d IranemRPhAG] & eahildtght t Rk Pe P& aNG- POE B4 ¢ 7 Ede lingleb
respectively when 0 is 0 and 6s=98.2. In this case, the first

pl ane- pol arizeghd i ghtad, thaaFRER- pbaneipehaniged i ghtspand diey seeaed

pl ane-pol ari zed |ight E2 becones s-pl ane-polarized |ight as shown in Fig.
1. The nat urnpdcddohty kFoendierd Ndiidei felkagraraic? iah 41 Oldiaingt 8satthersate is
split into the first plane-polarized |ight E, passing the hol ogram w t hout
bei ng di ffraederdeanth§heigreondon! angiagbatbzadr! belhakRyi srdithir anled at
the specified angle by the hologram 2. The polarization direction of the
second pl anegpedgrdged light E, is normal to that of the first

pl ane-pol arized light. The first non-diffracted pl ane-polarized |ight E
passes through the @tassrseddntaiAment@ot hen®theschandnvehei s8R be
diffracted plane-polarized |light E, travels in the glass substrate 2 and is
conpl etely reddeeiwsdimd ovw ket asselreabeat gl €156 -d ccarpar3ony @rawinfgst. he
gl ass substrate 2 has a refractive index (ng) of 1 .52, with a refraction
angl e exceedi ngrige crisizatienglor ekpdiial nyheifiotncarsy .4 iHferaeft@de andhe
pl ane-pol ari zed splitting [elenents of clains 2 and 3 ] elenment can

sel ectivel y totdnpari t bed y bgnea othdlwg ramangpeo! po laeiz ednpogient $pafi titiaigdent
natural light in a specified direction. Fig. 3 is a schematic construction
vi ew of a hddlgmemt t gpeoctB@ing0th FHe Prdzeénht invention, which element

comprises a hologram 1 and a grass substrate 2. In Fig. 1, there
is shown natural incident light I, first plane-polarized light
(transmitted light) E, and second plane-polarized light
(diffracted light) E,.

Fig. 2 isaview for explaining a diffraction angle selecting
method applied to the hologram-type polarized-light splitting
element according to the present invention, where d is a hologram
thickness, 6 is an angle of incident light and 0s is an angle
of emergent light withrespect toan imaginary line perpendicular
to the hologram surface.

Ahologram-type polarized-light splittingelement according
to the present invention is constructed of a glass substrate

2withaholograml formed thereon. Theholograml is a volume-type



pol ari zed-1ight splitting el enent enbodying the present invention . In Fig
3, nuneral 11 designates a hol ogram and nuneral 12 designates @Epgﬂf@ﬂ
substrate. Fig. 4 is a view for explaining how to prepare the hol ogr y%e
pol ari zed-1ight splitting elenment shown in Fig. 3. There is shown a
phot osensitive material 1le, a first trapezoidal prism 13a, a second
trapezoi dal prism 13b; objective light O and reference light R _Qher
el ements si mNage PoLPAGEE BIvMMPREFEgL and LhECIHI&ThatRe erdeF‘értgﬁée
letters and synbols . As described above with reference to Equation %g),
t he hol ogr arhcafChprVESi R TehR1yp| BAEDEEFardiEdFaqiginn i afblehenednpdieént s
by diffracting p-plane-polarized Iight at an angle of 60 to a
non- di f f r acthezll agppradehps| gty @dpreght difArigsitdgnann abelchert pldras&esitt i ve
material, e.g., photo-polyner (n=1.54) having thickness ( d) of 12. 2
m crons w | ladmudesely beglidl onetThal hdliggrtamingoprepar ad ane -@qdesiizgdt he
phot osensitive material through an optical systemshown in Fig. 4. The
first and sesomnbnerapezbiodal ppilasiealBan ahid el3li dnsverea peperdicalaséot i on
havi ng an angle of 61.3 at one of four corners and are made of the same
gl ass mat er iedcl nytiiei52)Ondatonsener r i srakingt tihang sl aubstd at ;g2 . E; The
trapezoidal prisns 13a and 13b are symmetrically attached wth matchi ng oi
t o opposite masdareshef hallbglragr Aphi tharty heliattediifiracsed ahdttdsendherve
material 1le nade of photo-polyner and attached to the glass substrate 12.
The dry pl aties isscongbpddnee podiagrierdeli gightE,Rddflirabfedthwelia dlotl ogram
coherent with the reference light Rin such a way that 11 05 S0P Q02
light rays R.and O enter the oblique surface of the prism 13a, neking an
angle of 63.1 with a |ine perpendicular to the glass substrate 12 as shown
in Fig . 4 . ThRebbretngveol Faggt @.i sheetraceptl af tsled thognddtyf ractionhe
first trapezoidal prism1l3a to the photosensitive material 1lle, naking an
angl e of 60 miarerthieehorhetheofhelrgran oyrldmbeade sicatideiebed omwi:t h t he
reference light Rto forminterference fringes inside the photosensitive
material 1lle. Theceréprddioddie kegshwlil ucanpledhvayetheenpyddffrnetirhe
exposed photosensitive material is processed to obtain a hologramtype
pol ari zed- | iefiicignay iMmerlel @rentolune tthice iphstsgnbol ogrampcepahed eeltbaent
i s supposed to have the hologran1mjth rating fringes recorded therein with
a refracti vé QB HAEPEGEE HEQﬁ)?PGg9‘¥m§£ﬁﬁﬁﬂ Bebe thieeh ayEREPhGOD
fringes forned in the hologramis 0.33 jymcrons mhen_tge hol ogr am was
exposed to tHe M3 I BRAYSTH: R iop g SRTEREL§Fati ng fringes
makes an angle of 60 wﬁ;G}the normal |ine of the hol ogram Wen natural
| i ght having a wavél 2Mjt Jof 514 nmenters t He Jpr epar ed hol ogr am t ype
pol ari zed-light splitting el ement along the normal |ine of the gl ass
substrate 12) it cgnw it into two plane-pglarized conponents s and p:
t he p-pl ane-pol ari zed ,cosnpan®nt is diffracteé by the hol ogram 11 and
totally reflected fromthe glass-to-air boundary, while the

- pl - | i d .t | t i ah it hqut bei diff t ed d
S nsan i P ol L g OBl WY Tt A e <CACERA R PEGTE LEABELER) o0
h | . d i i f | :

the el ement »&]% Re LxRAR 591-{9&?&%{%1%%3{&% t%epwiégb%xzfo@ torneg h%ea{g@glagggi

conducting multiple exposure o sensitive

| . Fig..B5 i UGk OR 5 ¥ !
SPIRE G R S A A g S D et e N L e KA
5, there 'S_i%‘@éi‘@lédQcﬂdlﬂﬂairﬁgzéoé‘f'ﬁi?i&lx@.sﬁo§b@§£é?tl?cgﬁ%- I;I@ROQakr%zedv' ew

for explaining how to prepare the hol ogramtype polarized-Tight splitting

el ement of Fliig%ht % - mh{ Bh¥e: drrelB@h® dotpiiaWn B JHPIARE W Vandayeri al
S I 23a a i dal

2le , a f fir trapezoi dal prism , g@cond trapezo prfi sm 2 an

obj ective |i nd. reference light R. Oher elements simlar to those
of Fig. 5 aﬁgﬂg¥§gﬁngﬁ3ﬁéane reference characters. As described before with
reference to Equation (6)) the hologramcan split incident light into two
pl ane- pol ari zed quhg=§9g§§n§pb% s and p mhen(i may di ffract the s-plane
conponent at an angdlre of »2 W‘th respect to tHe non-diffracted p-plane
conponent. A hol ogram made of photosensitive material, e.g., photo-polyner
( n=1. 54 ) having thickness ( d ) of 12 . 2 mcrons wll be described

bel ow. The hol ogramis prepared by exposing the photosensitive material 2le
t hrough an optical systemshown in Fig. 8 The first and second trapezoi dal
prisnms 23a and 23b have a trapezoidal section having an angle of 49 atone
of four corners and are nade of the sane glass material ( ng=1 . 52 ) that
used for nmaking the glass substrate 22. The trapezoidal prisns 23a and 23b
are symretrically attached with matching oil to opposite surfaces of a

hol ographic dry plate that is the photosensitive material 2le nade of

. e . b o N . ~ —— o, o



13 O 5s F P zou~ objective light O coherent with the reference light R
so that light rays R and O enter the oblique surface of the prisn11§%
malting an angle of 48.2 with a |line perpendicular to the glass sub o $fPel002
22 as shown in Fig. b . The objective light 0 is refracted at the boundary
fromthe first trapezoidal prism23a to the photosensitive material 2le,
maki ng an angle of 65.9 with the nornal of the hologram and interferes
with the reference |ight, Rto forminterference fringes inside the

phot osensi tive mat &si=al; 21le. The trapezoi dal ﬁﬁﬂsns 23a and 23b are
renoved, then the photosensitive material is processed to obtain a

hol ogramtype pol ari zed-1ight splitting elenent. In this_instance, the
prepared el enerfonsequepoled t o havrerlenfoiRsgedihafd h gr atlil@§tf ri ngednd
recorded therein with a refraction factor anplitude nl of 0.03. The spacing
bet ween gr ati- g anei-ppds riigeded lioh tt haveol biferen s W&k sriodr daffuhehiohe

hol ogram was exposed to the light of 514 nm The nornmal line of the grating
fringes naces faccizmgiye of 65.9 with the nornmal |ine of the hol ogram Wen
natural |ight having a wavel ength of 514 nmenters the prepared

hol ogram type pol ap+peantipgbispizéedi ndighenedatfal-angithe holpglkahthegpef the
gl ass substrate 22, it can be split into two plane-pol arized conponents s
and p: the popleaieecadclanhzesh Totpineg el emendi [fdefigieatlihy dien RoInegr mav@l and
conpletely reflected fromthe gl ass-to-air boundary, while the

s- pl ane- pol gk irzad ceamRore Rt ct eave! fpsi rad0 - fiwnlehgieh hai-ea dithtacied) and
passes the glass substrate 22 as shown in Fig. 5. The wavel ength range of
the el ement aearFrerevpandedibyeddy 95 0SEPor ~ ONArdrRyipdQ a3 iRladr al i it of

hol ograns or conducting nultiple exposure O the photosensitive el enent
Fig. 7 is arsehemeiie; woi)st auahi-onave ewrahnedidws: assen taleqerdions1 pf a
liquid crystal projection display according to an enbodi nent of the present
i nvention. Fnopmi gauatiche (Rui €3&rymd dl4)di $pleafoddprpingesondityion decar yst al
di splay panel 31 , a first hologramtype polarized-light splitting el enent
32a and a skeoR@rA¥eEgramtype pol arized-light splitting el ement 32b. In
this enbodi nent) t@f | iquid crystal display panel 31 is provided with the
first and second pdlafilz&8 1ight splitting el é&8nts 32a and 32>J di sposed
before and after ,liquid crystal display panel 31. Natural |light froma

li ght source ( hdits SBIA )t2 P OtRAP aH Shtardal LGk etnesfotthg 99%HP er s
the first holqgraHL olLarized-light splitting elenment 32a by which it is
split into PROPEPLH PﬁBFgViE%djﬁbﬁﬁBﬁﬁﬁ@?%%dgbtbﬁl%ﬁ%%%ﬁ?%nVﬂFWb@fFHﬁs are

di | . i.,s.diff d b he hol
P Chon LoRarPy FBTPas: di's ket e e Babh ey Bohobe ek ia s i o™
liquid crysgahidhephayapanek f%ghtT h& 0L hET a LOMRney, e%%&%ieg%goe&h gde

first hologramtype polarized-lTight splitting el ement 32a an nters the

liquid crystat @ §BbaVp e JoddrWaih dive. Phante POl & 8568, hinghts 4 St

nodul at ed. An unnecessary image-light conponent is further diffracted by

the second hobpgrppraekacazedght At vepbikki Qgﬁaﬁéﬁgﬁﬁélé’iﬁz@@dﬂ drg ally
p

reflected. The liquid crystal projection display according to the present
invention ceebsetsne grame-ipataraffectignt I beloleS P= il 203 and-1agidng

because it uses the hol ogramtype polarized-light splitting element with no

absor ption pfgumnesesrsawy Lhohig.i nstead of conventional dichroic type

pol arizing plate, as polarization elenments before and after the Iiquid

crystal display pangls.an example of a s-plane-polarized light diffracting
hologram-type polarized-light splitting element [defined in
claim 3], values v for s-plane-polarized light and
p-plane-polarized light may satisfy the condition v=x andv=3n/2

respectively. Similarly toEquation (5), thefollowingcondition



Fig . 8 is a schematic construction view showi ng an essential portion of a
liquid crystal projection display according to another enbodi nent if gévaD
present invention . In Fig. 8 , the liquid crystal display conpri é% .
liquid crystal display panel 41) a hol ogramtype pol arized-light splitting
el ement 92, an incident-side polarizing plate 43a and an energent-side

pol ari zi ng Sﬂglgbgﬁpn k0 this enbodinent) the liquid crystal display pane
41 is provided wt tﬁe i ncident-side polarizing plate 43a di sposed in the
front thereof and tlﬁe_ rrlr_srdlgP?lat-si de pol ari zi ng( | ate 43b di sposed in the
rear thereof . Furt'hernore; “a hol ogramtype pol-arized-lightsplitting

el ement 42 is disposed between the liquid crystal display panel 41 and the
ener gent - si de pBFSPFERGLY atBe Al L 4gftdo effdRi CBRYIYREU¢S drRAd| § G
source (not shown) through an optical system (not shown) enters the

i nci dent - si AP YwIRed zERY H-@lang3roilarharah 1898 tofanche tRaRpt v -a3diz8d zed
| i ght conponents having different polarization directions perpendicular to
each ot her ilsi gibts ardrgee atidvd e vilele® icorfpanénés+ 48 at1.0ladthds paesse, the

t heret hrough and enter the liquid crystal display panel 41 in which the

pl ane- pol ar ifZets 1 pdiam 6 P aleari zeddil s e @, Yecamesepepiang- pol ari zed-liioyht
conponent is diffracted by the hol ogramtype polarized-light splitting 1G
0 5 S E P ZeG02 el eneat 42eanddt heplanepbelatizedf | ebi@ut f r oba t héeloomedar vy,
not reaching toe energent side polarizing plate 9 3b that can be thus
prot ect ed f rsomplmiegobbateded®yl ddisorad idrow! irhéigwindcessary |ight and,
therefore, from heat-aging. THE | NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON
Accordi ng to thEherresenral iiaitti drgntiaring pbeshdl egtam (o evidiglat angles

hol ogram type pol ari zed-l1ight splitting el enment that can accurately split
pol ari zed | ityetretn & st sl pt dndopdiafiret Wemsoreies ilze dnkaelst & rasisénggr am
havi ng adapted diffraction properties and can operate w thout being heated
due to absorfpts oM BKCITFht Ehebewh kel RIffgRatEqd alsing t hef isesond
performance for a long service |ife because it does not absorb unnecessary

li ght conpoReMRO RN E3¢hiBt Fr orfi CAAFERCIEERART di et r st BPESR t ype

polarizing elenents. Furtherpore, the elenent is a thin plate that can form

a conpact ogtyi rc‘%e M%?ﬁ%cgﬁsﬁ“? PLRT S 1B F& @ A OP Gt t&ﬁgF8§°P§ t he
tical is.th f._AC din h t. i ion, it | I

ool X B S 1o AEPRLTAIGNLO e P ESeRLy TNCTHLOD: il Lo Pkages

properties pegesadion Lol op! It tifigpol ariged |1 ght gt i gh daqiee glcq

separation. "According to the présent invention, it is further possible to

provide a | balid-Gorehal, & by Aaykoded GATMARL (AR'LEAL %ﬁﬁ%ﬁaﬁgécan

split incident polarized [1ght into conponents ‘Wt cause

it does not oabsRe b tHELARSRAN ¥nbidHHonk/ aif@racBel ﬂa_“h’“é%ladﬁz@@.iigﬁtt

require elongation of the hack focal length of a projection lens. 1
E, travels in the glass substrate 2 and is completely reflected
into the glass from a glass-to-air boundary., if the glass
substrate 2 has arefractive index (ng) of 1.52, witharefraction
angle exceeding the critical angle of 41° at the boundary.
Therefore, the plane-polarized splitting [elements of
claims 2 and 3]element can selectively output only one of two
plane-polarized components of incident natural light in a

specified direction.

Fig. 3 is a schematic construction view of a hologram-type

10



D5 S EP 2002 CLlalINS 1. A hologramtype polarized-light splitti ﬁg

el ement conprising a glass substrate with a hol ogram forned thereo SEPi 1M
- surface) which elenent is capable of splitting incident light into two

pl ane- pol ari zed conponents perpendi cul ar to each other by allow ng on a of
t he conponents to pass the hologramafter diffraction and the other
conponent to pass therethrough without diffraction, and which, el enent

sel ectivel y fyitauitze 0Nl gl he gran-diiffor aet eslepk anemipedwiri g ecthecoppesent of
the light through a second surface opposite the first surface in a

speci fied diirfedrnmands Faly . thensae®al | MBestighakky a1edl@ptan dhendinkieact ed
pl ane- pol ari zed conponent at |east once at a boundary between the second
surface of tihe gase Stbstd ayLasnbymdirgpesur roundi ng the el enent. 2.

Ahol ogram type pol arized-1ight splitting element as defined in claim 1,
characterized 'lﬂi%hahttﬂ% hol QQegm ¢ Sr %s&gﬁaqh&ﬁ@a%vpntergﬁeéﬁax% 3:]3
obtai ning diffracted pl ane-pol ari zedl i ghtand non-diffracte

plane- pol ar izt 40 {0 1krlz2Re10Gh 21 £ 2L COMPRALREREh yn 1n F

s- pl ane- pol gfoi%;ge‘ conﬁ;olﬁer??) reszpect ?\B/el y,go%ci ncl %ent Ini gﬁ% art) lé] ilah
separation ar if f ing thethe . +§08P Rt tqavel i By
direction malti ﬁlgeggsglsi t%}?ﬁ%ﬁ ang:pe o% %E%Jégreeg]%\?\,i :rﬁkg dlllr éct?o%lo?tt he
latter. 3 . p |2 i zedabhgh Liok by |s‘|?nm3i‘t§' .defipgd 19
0 SS E P 2002 |ér%giﬁgiin¥1,§5)?:%ar act ericzeg ?cr?%tgﬁlgﬁrdt E%IEH\LO ogr a'meiﬁéJ gi \%{e)ﬁ

diffraction 1&09‘}{)1]06‘5‘5};56&%8&9@& ﬁJi%Q?Rﬁjid{ﬂé'E%ﬁ@mEh%Ees'ﬂﬁ’ifé Lze0hbgdt and

non-di ffracte ane-polarized |light froma p-plane-polarized conponent and

a s-pl ane- paliasized ﬂg{?@% yitEsReetd el ¥hrotehBENERRE risl LY ls%ballgi. gh

separation degree by fracting the former conponent to travel“in a

di rection maki ngsagseRaiBeldonANG &/10h 4% ferl8WLo% Widdkn il r 6] i opnef the
latter. 9. Aliquid crystal Projection display conprising a |iquid crystal

panel and atydeaptand Eak StpPotaihaiagn €l SIBRE - pHtaRi SE£0NHaPO! 8ht&i 880
el ement on the incident side and the energent side ) respectively ) of the

liquid cryst@mgunealts vshanaeact 284 p-pidias- ghearfiizedt 18§68 it an angle

second-pol arizing elenent is the hologramtype polarized-light splitting

el ement of JJslkar kPh BoRLaderPacted®d-Piagrd o @htizeRl 11dhNg adgY¥i 6§)am
conprising: a glass substrata; a hologramforned on a first surface of the

gl ass subst maides ofhphetosansintveentteright, pagsi nhdtt-@otlyaelrol ngl asz and

the glass substrate is split into two plane-pol ari zed conponents, wherein

only one of heheintgvthplcamesgol &4) iofr 2d. 2 onipore e wipasisedesiordbgld beleeond

surface of the glass substrate, and the other one of the two

pl ane- pol ar iThedhebopoam itsspy ep Prel/ ey esd ot Loo Yespheige sdroiugiv e hat grass

substrate at the second surface and is internally reflected in the glass

substrat e atthupigdespnePtigicysteg shows ig Eig. 24-0Thg Lirme agdvseecnd

claim5 wherein the two pal ne-pol ari zed Zed conponents are pol ari zed

per pendi cul draps @i opkéems 13a and 13b have a trapezoidal section having
an angle of 61.3° at one of four corners and are made of the
same glass material (ng=1.52) that used for making the glass
substrate 12. The trapezoidal prisms 13a and 13b are
symmetrically attached with matching o0il to opposite surfaces
of a holographic dry plate that is a photosensitive material
lle made of photo-polymer and attached to the glass substrate
12. The dry plate is exposed to reference light R and objective

light O coherent with the reference light R in such a way that

11



7. The device of claim5, wherein said other one of the two plane-pol arized
conponents is diffracted into the glass substrate at the first surﬂgggpgﬁl
The device of claim7) wherein said other one of the two plane-polarize
conponents is diffracted infix the glass substrate at an angle of 60
degrees with respect to a normal to the first surface. 9. The device of
claim71 wherein said other one of the two pl ane-pol ari zed conponents is
diffracted intght heayy @ssngubsntatre the el hage eswoff LR B fdeye gasi sm tiida,
respect to a normal to the first surface. 10. A liquid crystal projection
di splay, conpgishdGn anbiawd 63 st tiPaneine pdigetiaidladl kdethe glass
light-slitting device on an incident side of the liquid crystal ,panel ;
and a secondsypotAdt2ed dd Sdwis thirtilg NG, ey bhecen 128 1aEIyent reifda@led he
liquid crystal panel wherein at |east one of the first and second pol ari zed
li ght - spli ttd o glevh§esad Sy tHoRoliad | 2Bk iGhpeAiddl nadev a&a0f o kdlem 5.
11 . A nethod of using one or nore hol ogramtype polarized light-splitting

devi ces in %gdéfé‘%%ﬁ%’ﬂé" QeGh Oﬂ]edi AN ‘ﬁ/gg%ﬁ%ﬂ?t be fe! Q&rt%”‘l'tfh%pe

pol ari zed i I'ng el enent i ncl udes a ho ram  fornmed on a gl ass

substrate, _ fdEndBitothdholdyram Ené’li%%_%f%mrﬁmst:hes,%jféré;i.&9-1i@lﬂt

incident 1 i,~t intoti~~n pi ape-lola.ri zed conponents in a

hol ogram t yJ2e, Le@hari At Ad WM cesPt 4 4 dd Ih S84 €Re pRBTSLRE SRk Ve AR Hiahihe
two pl ane-pol ari zed conponents through a_glass substrate of the

hol ogr am t ypgy POolild 286G Jel-@NigadPhit kb % S e 18R PE SVERT @, Qdtcnel the
second pl ane-pol ar 1zed cornl ~onent; and nodul ating said only one of the

two plane , polabiZed pnetBeRRBES VB Mmdrehizdi digr yebaksd2analo topf LM @
nodul at ed IlgHt beam 12. The nethod of claim 11~, _ further conprising:
passi ng t he HoowhsdR o yhdhpoeanlhr-aughta secondidp! egeaniyperpokaniszed
light-splitting device;, and renoving an undesired _pol arization fromthe
modul at ed ~ i it a €Mt h3prép H0¢ @ @NMeh¥PEs Rppbiszadtd hae Shé hibilRGramenent
conprising a glass substrate with a hol ogram fornmed thereon, which el enent
i s capabl e ofignrldrddiihd firigigdentetbghéd itHexr d MO wplkANg -0 i d Zetk Ga@eanent s
"perpendi cul ar to each other by allow ng one of the conponents to pass the
hol ogr am af taipTifidaatiahoand. the spaeing dbepasentgrtat ipassrihge € flrmegh

wi t hout diffraction, _and which el enent selectively outputs only the

non-di f fractiad {plahelpgram 2ed0 cdBpuirarinoiwhiehe thegindlogram syzec iekipeded
direction and, at the sane tine, prevents output of the diffracted

pl ane- pol ar izedleodpgabéntt Byl 4 atmal Theredirext Jige bé thé forctied fringes

pl ane- pol ari zed conponent at a boundary between the gl ass substrate and
medi um sur r onakkisngan hen@lenent6Q° wa2h the normal line of the hologram.

. AS. AHyR. AFHe. Af R Aaf ?. A, @. A(R A uS. Aly. A A (?. A@Qf?. AR A aye. AS. AQY. A

@ Af . A@ A% AYy. BeN(Deangh Lo 7P R6HPY aryedpeaPehicel Sdpca] clitey]ciPea] ca]

ca] cal] ca] ca] ca] ca] ca]ca] cal ca ca]ca]calca]calcakca]ca]ca]cRa]ca]ca!OlA
prepared hologram-type polarized-light splittingelement along

the normal line of the glass substrate 12, it can be split into
two plane-polarized components s and p: the p-plane-polarized
component is diffracted by the holograml1l and totally reflected
from the glass-to-air boundary, while the s-plane-polarized
component travels straight (withoutbeingdiffracted) andpasses
the glass substrate 12 as shown in Fig. 3. The wavelength range
of the element can be expanded by overlaying a plurality of

holograms or conductingmultiple exposure of the photosensitive

12



& xy~}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] c: a] ca] ca] ca] ca] ca] ca] ca] ca] cal @\YZ

$STwxQ} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cg\]aéegfgw
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! RSNXyzC} 4 |

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

tLZEE T Qe detdtt) $9$338% a(b(d((wr| **V, W, , } xsni d_Z] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal,,,,, Fig. 5 1is a schematic construction wview of another
-------- 6.> U zZ/ilnlolllll]0X0"1ml ~23363n8| wr mhc”™Y] ca] ca] ca] ca] ca] ca] ca] ca]

IC?Y]S gg] Zehgilgﬁﬁlﬁﬁlw@gb@ﬂe;a]a@al@giueadpiﬁaitqa:]gcalcra&zﬁa]éiraidmjlﬁ@] €ngcal ca

; 5<@@ @ ACDERRRRINL L #NERBE whThen Gl 6al eat e als aheahcalitald gt 2licahgal cal

ca] ca] ca] ca]ca] ca] ca] ca]ca]ca]ca]ca ca] ca] ca] ca] ca] ca] ca] ca! S¥/ SSSSETFTJT1

YTYFYYYAZZ\ |\ L \eldls™ Sb Y ra%e” 2bwWr phig” Yh cad calwals alsaksaheahsabeabeal sal cal
ca] ca] ca] cal] ca] ca] ca] ca] ca] caj ca] caJca] ca] ca] ca] calUj cajcaljcajcal® m T *c’c

coddddd<ebsebelage PR Jdyddiitd b TRpl pedhet \ﬂtcéﬁii}:@% A 58] cal

a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca)] ca] ca] ca] cal ca] ca] ca] ca] caJ ca] ca] ca] ca] cal

pp Fig. 5. In Fig. 6, there is shown a hotosellsltlve material 2
pApxXppp*qqrrr sEt viwtttittt &u u8u>uMivzz| wr mhc”Y] ca] ca] ca] ca] ca] ca] cal ca

] ca] ca] ca] ca] galcal Eﬁiﬁé‘l&ﬁd&:@hﬁa]s%ﬁbgal C@]s‘é%]oﬁ@] €Al sl £rleadhcaigal cal c
aN(i K-, GL0% U& () -, Y1'10% U& ()-,f110% U& ()- ~10% & ( ) S@ 0% U& ()-L10%

U&' () - & SWQ%&B%é&tl&&Ybﬁt@%Q?/ﬂé@efénée 199N UR. OtnerlOPerhdndd s A0 r
U ()-, 10%

to those of Fig. 5 are given the same reference characters.

As described before with reference to Equation (6), the

hologramcan split incident 1ight into two plane-polarized light

components s and p when it may diffract the s-plane component

at an angle of 48.2° with respect to the non-diffracted p-plane

component. A hologram made of photosensitive material, e.g.,

photo-polymer (n=1.54) having thickness (d) of 12.2micronswill

be described below. The hologram is prepared by exposing the

photosensitive material 2le through an optical system shown in

Fig. 6. The first and second trapezoidal prisms 23a and 23b have

a trapezoidal section havingan angle of 49° at.one of four corners

and are made of the same glass material (ng=1.52) that used for

making the glass substrate 22. The trapezoidal prisms 23a and

23b are symmetrically attached with matching oil to opposite

surfaces of a holographic dry plate that is the photosensitive

material 2le made of photo-polymer and attached to the glass

substrate 22. The dry plate is exposed to reference light R and

13
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objective light O coherent with the reference light R so that
light rays R and O enter the oblique surface of the prism 13a
making an angle of 48.2° with a line perpendicular to the glass
substrate 22 as showninFig. 6. Theobjectivelight Ois refracted
at the boundary from the first trapezoidal prism 23a to the
photosensitive material 2le, making an angle of 65.9° with the
normal of the hologram, and interferes with the reference light
Rtoforminterferencefringesinside thephotosensitivematerial
2le. The trapezoidal prisms 23a and 23b are removed, then the
photosensitive material is processed to obtain a hologram-type
polarized-light splitting element. In this instance, the
prepared element is supposed to have a hologram with grating
fringes recorded therein with a refraction factor amplitude nl
of 0.03. The spacing between grating fringes formed in the
hologram is 0.41 microns when the hologram was exposed to the
light of 514 nm. The normal line of the grating fringes makes
an angle of 65.9° with the normal line of the hologram.
When natural light having a wavelength of 514 nm enters the
prepared hologram-type polarized-light splittingelement along
the normal line of the glass substrate 22, it can be split into
two plane-polarized components s and p: the p-plane-polarized
component is diffracted by the hologram 21 and completely
reflected from the glass-to-air ©boundary, while the
s-plane-polarized component travels straight (without being

diffracted) and passes the glass substrate 22 as shown in Fig.

5. The wavelength range of the element can be expanded by

14
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10% U& ()-1( 10% U& ()-'9 109JU& ()-9 10% U& ()-!10% U& () - & mL0% )
NN 110% & ()-,Y ' 10% & ()-,S 10% & ()-,L 10% & () -

310% & ()- & mM0% & ()- 10 U 10 UXC}dEmN *!10%,f8 10% & ()-

T 610% & () - oM%Y )a ' 1D &1L{)y of holograms or conducting multiple

exposure of the photosensitive element.

Fig. 7 is a schematic constxuction view showing essential
portions of a liquid crystal projection display according to
an embodiment of the present invention. In Fig. 7, the ligquid
crystal display comprises a liquid crystal display panel 31,
a first hologram-type polarized-light splitting element 32a and
a second hologram-type polarized-light splitting element 32b.
In this embodiment, the liguid crystal display panel 31 is
provided with the first and second polarized-light splitting
elements 32a and 32b disposed before and after
ligquid crystal display panel 31. Natural light from
a light souxrce (not shown) through an optical system (not shown)
enters the first hologrampolarized-light splitting element 32a
by which it is split into two plane-polarized components whose
polarization directions are perpendicular to each other. One
component is diffracted by the hologram and then totally
reflected from the glass substrate, not reaching the ligquiad
crystal display panel 31. The other component passes
through the first hologram-type polarized-light
splittingelement 32aandenters the liquidcrystal display panel
31 in which the plane-polarized light is modulated. An
unnecessary image-light component is further diffracted by the
second hologram polarized-light splitting element 32b and then

totally reflected. The liquid crystal projection display

accordingtothepresentinventioncanbe free fromheat affection
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instead of conventional dichroic type polarizing plate, as
polarizationelementsbeforeandaftertheliquidcrystaldisplay

panel.

Fig. 8 is a schematic construction view showing an essential
portion of a liquid crystal projection display according to
another embodiment of the present invention. InFig. 8, the liquid
crystal display comprises a liquid crystal display panel 41,
a hologram-type polarized-light splitting element 42, an
incident-side polarizing plate 43a and an emergent-side
polarizing plate 43b. In this embodiment, the liguid crystal
display panel 41 is provided with the incident-side polarizing
plate 43a disposed in the front thereof and the emergent-side
polarizing plate 43b disposed in the rear thereof. Furthermore,
ahologram—typepolarized—lightsplittingelemenf4Zisdisposed
between the ligquid crystal displaypanel 41 and the emergent-side
polarizing plate 43b. Natural light emitted from a 1light source
(not shown) through an optical system (not shown) enteré the
incident-side polarizing plate 43a in which one of the two
plane-polarized light components having different polarization
directions perpendicular to each other is absorbed and the other
component is allowed to pass therethrough and enter the ligquid
crystal display panel 41 in which the plane-polarized light is
then modulated. An unnecessary polarized-light component is

diffracted by the hologram-type polarized-light splitting
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protected from being heated by absorption of the unnecessary

light and, therefore, from heat-aging.

THE INDUSTRIAL APPLICABILITY OF THE INVENTION

According to the present invention, it ispossible to provide
a hologram-type polarized-light splitting element that can
accurately split polarized light into two
plane-polarized components by means of a
hologram having adapted diffraction properties and can operate
without being heated due to absoxrption of 1light and can maintain
high reliability of its performance for a long sexrvice life
because it does not absorb unnecessary light components, in
distinction from conventional dichroic absorption type
polarizing elements. Furthermore, the element is a thin plate
that can forma compact optical systembecause it can be disposed
at right angles to the optical axis thereof.

According to the present invention, it is also possible to
provide a hologram with preset gonditions of diffraction
properties necessary for splitting polarized-light at high
degree of separation.

According to the present invention, it is further possible
to provide & liquid crystal display having a compact optical
system that can split incident polarized light into components

without beingheatedbecause it does not absorbunnecessary light
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and does not require elongation of the back focal length of a

projection lens.
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CLAIMS

1. A hologram-type polarized-light splitting element
comprising a glass substrate with a hologram formed thereon a
first surface, which element is capable of splitting incident
light into two plane-polarized components perpendicular to each
other by allowing one of the components to pass the hologram
after diffraction and the other component to pass therethrough
without diffraction, and which element selectively outputs

only the non-diffracted plane-polarized component of
the light through a second surface opposite the first surface

in a specified direction and, at the same time,

totally reflects the diffracted plane-polarized component
at least once at a boundary between the second surface of

the glass substrate and medium surrounding the element.

2. Ahologram-typepolarized-lightsplittingelement as defined
in claim 1, characterized in that the hologram is given
di-ffraction properties for obtaining diffrac;ted
plane-polarized light andnon-diffracted plane-polarized light
from a p-plane-polarized component and a s-plane-polarized
component, respectively, of incident light at a high éeparation
degree by diffracting the former component to travel in a
direction making a splitting angle of 60 degrees with a
direction of the latter.

3. Ahologram-type polarized-light splittingelement asdefined
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& 10%Z&' ()ai4D0&&t{dns' QLPLERELYes for obtaining diffracted
plane-polarized light and non-diffracted plane-polarized light
from a p-plane-polarized component and a s-plane-polarized
component, respectively, of incident 1ight at a high separation
degree by diffracting the former component to travel in a
direction making a separation angle of 48.2 degrees with a
direction of the latter.

4. A liguid crystal projectlon display comprising a liguid
crystal panel and at least a first-polarizing element and a
second-polarizing element on the incident side and the emergent
side, respectively, of the liquid c1’ys;cal panel, characterized
in that the first and/or second-polarizing element is the
hologram-type polarized-light splitting element of claim 1 or
2 oxr 3.

5. A polarized light-splitting device, comprising:

a glass substrate;

a hologram formed on a first surface of the alass substrate,
wherein an incident light passing into the hologram and the glass
substrate is split into two plane-polarized components,
wherein only one of the two plane-polarized components passes
through a second surface of the glass substrate, and the other
one of the two plane-polarized components is prevented from
passing throuoh the glass substrate at the second surface and

is internally reflected in the glass substrate at the second

surface.
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6. The device of claim 5, wherein the two plane-polarized

compenents are polarized perpendicular to each other.

7. The device of claim 5, wherein said other one of the two
plane-polarized components is diffracted into the glass
substrate at the first surface.

8. The device of claim 7, wherein said other one of the two
plane-polarized components is diffracted into the glass
substrate at an angle of 60 degrees with respect to a normal
to the first surface.

9. The device of claim 7, wherein saild other one of the two
plane-polarized components 1is diffracted 1into the glass
substrate at an angle of 48.2 degrees with respect to a normal
to the first surface.

10. A liguid crystal pxojéction display, comprlsing:

a8 liquid crystal panel;

a first polarized light-splitting device on an incident side
cf the liguid crystal panel; and

a second polarized light-svlitting device on an emergent side

of the liquid crystal panel,

wherein at least one of the first and second polarized
light-splittingdevicesisthepolarized light-splittingdevice
of claim 5.

11. A method of using one or more hologram-type polarized
light-splitting devices inaliquld crystal proijection display,
wherein the hologram-type polarized light-splitting element

includes a hologram formed on a glass substrate, the method
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passing only one of the two plane-polarized components 1rough

aglass substrate of thehologram-typepolarizedlight-snlitting
device and preventing output of the second plane-polarized
component; and

modulating said only one of the two plane-polarized components
in a liquid crystal panel to form a modulated light beam.
12. The method of claim 11, further comprising:

passing the modulated 1light beam through a second hologram-type
polarized light-splitting device; and

removing anundesiredpolarizationfromthemodulated 'ight beam.
13. A hologram-type polarized-light splitting element
comprising a glass substrate with a hologram formed thereon,
which element is capable of splitting incident light into two
plane-polarized components perpendicular to each other by
allowing one of the components to pass the hologram after
diffraction and the other component topass therethroughwithout
diffraction, and which element selectively outputs only the
non-diffracted plane-polarized component of the light in a
specified direction and, at the same time, prevents output of
the diffracted plane-polarized component by totally reflecting
the diffracted plane-polarized component at a boundary between

the glass substrate and medium surrounding the element.
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