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‘;GSGZMULFWGTT‘,~ , 0 5 SEP 2002 SPECI FI CATI ON *166166* HOLOGRAM TYPE

POLARI ZED- LI GHT SPLI TTI NG ELEMENT Thi s application is the nationalégga§ﬁm
under 35 U. S.C. 371 of PCT International Application No. PCT/JP99ﬂ

whi ch ha ional filing date of February 3, 1999, which
de5|gnazgwﬂﬂwummﬂmm States of Anmerica. TECHNI CAL FI ELD TO WHI CH THE

| NVENTI S The present invention relates to a polarizin
for taking on y unl directional plangs dhzﬁq)g i ght out of nat m%@umﬂmlﬂum
being so called indefinitely polarlz ﬁ ACKGROUND OF THE

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

plate for cutting | t her ef rom
for formng an i o @@T"Gﬁmﬁﬁﬁ ﬁ&égvgfgnﬁ{ﬂl 0 }{T{jg(?%rlgq?ktﬁp%&%gdﬁmrl zing

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

Al di ngly, t LC t t th I | Zi te,

ool ar i zed- beam 3 ﬂp@l‘“ R ok 1 et oogd: PhepBerbaet AGr Bon br |
diff t t t
PubI | cat | on K8, 81 05 = aeéloor%%ig%ﬁ%sﬁ% O R L e
Pat ent NO'ZEQQSa% &%%%%%%i%onal 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
taking only unidirectional plane-polarized 1light 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 that becomesheatenergyforinternallyheating
the plate, causing premature deterijioration of the plate.
Accordingly, recent L.C projectors use, instead of the peclarizing
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



»

Lai d- Open Patent Publication No. 63-26604). However, the above descri bed
conventional nethods have the foll ow ng drawbacks: The thin-filn1dﬁ5%%ghﬁg
type pol ari zed-beam splitter is constructed of two gl ass-made pris d
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 as a polarizing plate of a light outputting portion of a liquid

crystal prohgat @ .NeELSAATIdY Sh@NIRH&sesbaPLtEREaNO]. 8501b 48T (@a@hﬁb@étor
| ens and, thereby, causes the need for increasing a dianeter of the

proj ection Land, opell PatehitoPudlSl-areenang .actebglb4gf, a whol e optical
system The application of the diffraction type polarizing el enent

described in Japanaas: Land QesoeP@é@ﬂhﬂ%@Ic'o@l%hezaomlﬁ;ke@ﬂga%@ﬁe ARe
ener gent - si de pol ari zi ng plate cannot produce a wel|-contrasted clear inmage

since the elgABRLiGNAUawbadRIsetely split polarized Iight , causing | eakage
of light . The diffraction type polarizing el enent described in Japanese

Pat ent No. 2594 (Jpar 04 P t 5By L
No. 63- 26604)as§%ﬁ%ared 3?? Lﬂgggggnen €§§QJggaﬁgggéﬁa?g?%pSplﬁtfgﬁtls

Publ i cati on Nas+8hc4d@20¢ t%sgfaég Ghede BRIERS Hnd 86 lczRf ORI SGRAEAL I On,

a higher contrast and a snaller wavel engt h- dependent diffraction dlfference

that is estijgatgdeRlarfl V%lhlé%e%r@ SR8 0B c05m& &1 rifd 1Rgn¥REb Be tahdle
el ement, however, cannot have a large diffracti on angl e because of a smal

differenti a&nrf{cﬁ@f&'d@s?tal BrégchoEsz%éI}Pe%h@fuéé odthisagiiOBeam

grating. The use of thi's element as a polariZing plate on the emergent side

of a liquidg F;&X%‘t@ﬁ: B%Oheﬁwér%@ﬁ?aﬁ%té‘ bacK 1ol Jurpeith19ly Bokiebact i on
| ens. The hologramtype polarized-Tight splitting el enent described in

Japanese Lapg-{peq uEfatceﬂFsPétpFk%ﬁ%b%r%c&%a&ﬁ%@glbﬁéa@é‘s D958k €Bbal
pol arized-light splitting ability and a large splitting angle but has an

incident |igBhghal biend hPEsEERORT 18nk 24098, A Lethp, Tdddtds REDARAC LRI 0
t he hoIogran1pPane requiring a large morklng space. Therefore, the use of

this el enentnasealifyer0eitiantd e POt afh&i PhoPedt foh N18nki qHI Brof¥stabn
projector may also require elongation of a back focal distance of a

proj ection heesanke wn@Wwaokelif@tl @Feaowng.let bptpcaserysicementi on was nade
to provide a hol ogram pol ari zed-lightsplitting el enentcapabl e of

effectively splidd apglidaariicheds | troghidiwifidacta oabs@petpciarGiz iiynegessary
light, i.e., elimnating the possibility of being heated by absorbed |ight
and of det edegkatibed iyJhpahesehiadh -oberditdnt Biblighti@ndo swal-k40aokor m a
conpact optical system The present invention is also directed to a conpact
liquid crystal dnspéagrdexteceidsi ngolaeiabnye-mlesios | kethreltenmpiioduce a
well-contrasted clear image since the element cannot completely
split polarized light, causing leakage of 1light. The diffraction
type polarizing element described in Japanese Patent No.2594548
(Japanese Laid-Open Patent 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
higher 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



" SUWARY OF THE | NVENTI ON An obj ect of the present invention is to provide a
hol ogram type pol ari zed-lightsplitting el enent nmade of a gl ass suQﬁ;Egmﬂm%
with a hol ogram forned thereon, which elenent can split incident light Into
two pl ane-polarized (linearly polarized) 3 0 5 SEP 2002 conponent shavi ng
pol ari zation directions per pendicularto each other by allow ng one of the

conponents to pass the hologramafter diffraction and the other conponent
to pass strah@bk fthostadfffaecio®dranthyhiThe el thds sekeenhtand emt
only the non-diffracted plane-pol ari zed conponent of the light in the

speci fied dirgelapnzang, pabtehensane bmBeget@nshiget ber ar eibhact thestal

di ffracted plane-polarized conponent at |east once at a boundary between
the gl ass sppsheateradtongstys) s Wackumdicagd 18ggehese prifjestaloameahscan
thus split incident light at high accuracy with no absorption of

unnecessar yrht H1 S@rmenefte idalarimedaaym spes felngneldieras debseived i n
the conventional dichroic absorption type |ight polarizing elenent, thereby
it can mai n{gi faphdisé ald @pidpdry refcep@r Pabnapee ibarndt Sed-0nh SE7 Visgeahi fe .
The element is a thin plate that can forma very conpact and |ight optical
systemin whkgbliéneapdrafi 5e@sefgrt rdpahitt@ing eavtioiag oidcal axirgeof
the system Another object of the present invention is to provide a

hol ogram t ypg1 pet ahbzefgh &gbht Siphé tdn nch & @srenty ipde fafl 1ang assrswbshat e
with a hologram forned thereon, in which the hologramis given diffraction
properties 501aﬁ§éaaﬂgng €6 fd r et G apuirtial Bl 284 thieghb18@étam plane,
non-di ffracted plane-polarized |ight froma p-plane-polarized conponent and
a s-pl ane- ppt@ghizefgcanpargat workspgCkpueky, Trabrefeirdentnki ghe 3t anhkgh
separation degree by diffracting the former conponent to travel in the

di rection nakémént a3£pAleid e @ iRle0ho 68r U£0h€ I awiel In bhei guiyeklisngl
direction of the latter. 4 0 5 SEP 200Z Still another object of the
present invehbijestbs hay pIAE deqahekogr angdypen pd arbaer-Adc@t aspkiahteng

el ement made of a glass substrate with a hologram formed thereon , in which
t he hol ograstria grugacdibhr aehison properties for obtaining diffracted

In view of the foregoing, the present invention was made
to provide a hologram polarized-light splitting element capable
of effectively splitting polarized light with no absorption of
unnecessary light, i.e., eliminating the possibility of being
heated by absorbed light and of deterioration by heat, which
element is so light and small to form a compact optical system.
The present inventionisalsodirectedtoacompact liquidcrystal

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
substratewith ahologramformed thereon, whichelement can split

incident light into two plane-polarized (linearly polarized)



pl ane-pol ari zed |ight and non-diffracted pl ane-pol arizedlight froma

p- pl ane: pol ari zed conponent and a s-pl ane-pol ari zed conponent,

" respectively, of incident Iight at a high separation degree by difﬂ#%%ﬁﬁyw?
the former conponent to travel in the direction nmaking a separation angle
of 48.2 degrees with the travelling direction of the latter. A further

obj ect of the present invention is to provide a liquid crystal project ion

di spl ay havibgpanea¥Rafdvialy b6 2hr sy st eoh Wit ca isherde sl facalr €b shance of
a projection lens, which conprises a liquid crystal panel and at |east a

first polarpzhReg ByeaBNbwaNg 8n&e6HNehd U cHipdrdik £t Rls O hiehBol BNt
side and the energent side, respectively, of the liquid crystal panel, in

whi ch each pehgri &iiRg AlRRA drfd k! O E¥RSo RO A t8ePakbgbraRbhtt i ng
el ement according to the present invention, which elenment can split

i nci dent | i gRtnbREq{#PrHOL Poh Z HhLHADOR et BafILUUY a8k dMithoReyf ear
of being heated by |ight absorption and has no need for elongating a back

focal |engt bpaf nbhSqREREEEtEAID! 8RS - pBR:EF, DESCRFTAGN O Tl BRAWNGS Fi g.

1is aviewfor explaining howincident light is split into diffracted

light and t¢aBYPddigd dd @htebyifEaARE, At Brdsamb tamebR ADPdr POt PEERTBEY P
pol ari zed-light splitting elenment. Fig. 2 is a view for explaining the

principl e otnhsehlirrgaditblr 36nRY pB1AREZEGESOMPOnBNROLRIN AL EYBBCce at a
pol ari zed-1ight splitting el enent according to the present invention. Fig.

3 is a schepBlLih@at9NSe F e @M eV BYS Ofsud shelaeer AN kR uRcd @+ AattidPhhe
splitting el enent enbodying the present invention. Fig. 4 is a view for

expl ai ni ng BoWkA R’ @RALE e ehen@0AM kYR8 Bphati 26dilhedakt 13ghit kitngighenent
shown in Fig. 3. Fig. 5 is a schenmatic construction view of "anot her

hol ogram t ygecaghaki weeh hiodbsSPht1idh BE & EeEEd s &P ¥hR G dior¥Ps €Akt
invention. Fig . 6is a view for explaining howto prepare a hol ogramtype
pol ari zed- | jn@ht veRidnld | e Bh&ICBheE§9WMAS HUHBved in the conventional
dichroic absorption type light polarizing element, thereby it
canmaintainhighreliability of performance for its long service
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
plane-polarized light andnon-diffracted plane-polarized light
from a p-plane-polarized component and a s-plane-polarized
component, respectively, of incident 1light 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.



Fig. 7 is a schematic construction view of essential portions of a liquid
crystal “projection display according to an enbodi nent of the prese é
invention. Fig. 8 is a schematic construction view of essenti al Seh b1
a liquid crystal projection display according to another enbodinent of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EVMBODI MENT A

hol ogram type pol arized-light splitting el ement according to the present

invention is asglﬂqsaﬁ%ﬁé&aé@g&ﬁ lbrac he gl it &avu%ohowwcagm%aed
thereon for diffracting one of” plane-pol ari zed conponents of na

i nci dent |1 ghb18grath-2yBefpdl A0 Heridibabhyi €A £5 bNEmERE rilRBIN: g3Ads

all owi ng the other plané-polarized conponent perpendicular to the forner

conponent t gup3¢#at BEF AN EONS o ybdh Fhrndld thésébeN-inThR1 BA! G 8B BESaR
specified grating angle, width, thickness and refractive index range so as

to diffract; QO|gafde§PddthPEc%Eoﬁ %ﬂéf@ﬂesﬁn%ﬁ r@&@éﬁ?{ﬂgfﬁﬁfQ?EéE@hng
hi gh dlffractlon efficiency and totally reflecting i ght froma

gl ass-t o- ai 519%ngaixrﬁ?&eh%g@i@éﬁd%%sfdrl%ff%a&@% ﬁ&i@rﬁ@ﬁalem)@aiﬂsms of

the present invention wll be described belowwth reference to th

acconpanyi ngrgpaul ’bg%laﬁeg—pohdﬁz%d/ 'é”d%ﬁ&{erﬁ?(%ﬁa nyng-bh ahk - E:%X%rlzed
diffracted and transmtted by a hol ogramtype polarized-light splitting

el ement accopflhAgeh®, tf&;ﬁ&@&%m nM?@ﬂ&%eﬁ”@iEBh‘E'ePJTE’ngﬁQEEbh%%16n
hol ogram 1 and a grass substrate 2 . there 1s shown natural

i nci dent |'Qéérée,b§'&ikf?hé@@ngokﬁé'E@mekQEbmbbh@HQWEBt%Qabb@hﬁh Edeand
second pl ane-pol arized |ight iffracted |ight . Fig. 2 is a view

for expl ai nhﬂgeétﬂbﬁfﬁléﬁih@naaibgﬁb@réﬁi@ﬁtéﬂ@%ﬂ“% PRIIRLLO Wik the

hol ogram type pol ari zed-1i ght itting element according to the present

i nvention, %@Eﬁélﬂlhé aibebegbamEehiaknegsced.i s an angle of incident |ight
and 8s is an angle of energent |ight with respect to an imaginary |ine

per pendi cul ar 70 £l,k@nlel eglj 3ok SHET 8KE pre Oh OWRRBAYRS is to provide a
pol ari zed-1ightsplitting elenment according to the present invention is

const r uct ed) 9fudd @rIeT aAUPSS {8 €1 ch 8k 1 &y Rabea GBI 18Pt 1 881 @9BtemThe
hol ogram 1 |s&a voﬁgﬁ% type % 05 S:% 2?2002 phase]%ologran1mhoge

material andithi gkeesst ALcet CCARPUBHrded dft AP iRPSJiehlsy Whgbast
diffraction efficiency. The hologram 1 has such a preset diffraction angle
that it maycomprisesw atghyasplydtaiapanal dight Iddsx awoi fdtpeipetiainged
element and a second polarizing element on the incident side
and the emergent side, respectively, of theliguid crystal 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 fear of beingheated

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

length of its projecting lens.

BRIEF DESCRIPTICN 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



"conponents whose pol arization directions are perpendicular to each other.
One conponent is first plane-polarized Iight El passing the hoIogrthﬁEszﬂ
» Wi thout being diffracted and the other is second plane-polarized |ight EZ
diffracted by the hologram 1. Referring to Fig. 2, the concept of setting
diffraction properties of the hologramw || be described bel ow. According
to the Kogel ni k' scoupl ed-wave theory,diffraction efficiency ~ of the

vol une- t ypenghase ey Pt e it algiowitig exleassiton (1) on the
condition there’is no absorption by material and Bragg's condition is

satisfied. r~ %%.ﬂ Z {¥)a (viled forl&bilnGRs BEFTrBR M AME & tMREe by

light not diffracted inside the hologramw th the I'i ne perpendicular to the

surface of 1herhlRArRM pSoditled 0r8R ANGIA ofr@tn-typled§iy1 dviGda - liyrithe
equation (2), k is called a coupling coefficient . Polarized |ight p and
pol arized |isght; +§ i9RY @Rl fafc%&‘ﬁirfzd)% iMe GRRIdd et gind ks

respectively.: x ~ ~' cos( 6 - 65) 3) 8 0 5 SEP 2002 ,nn, KS = (4)

Consequent |y, prfi} ane1pobasigsfht i Shloand el ANG1RY 81 66 1lddihin haR
different values of diffraction efficiency. A p-plane-polarized |ight

di ffracting hal.0qram iR fP0lspnii28d1ly 9BE eABhit! L &MFo&Y EAG Nt e dgfidRGIH N
claim2 ] may have diffraction efficiency rip=1 for p-plane-polarized |ight
and di f fracti,QRn&fifgci ency r~s=0 for s-plane-polarized Iight. Therefore,

v=~t/2 and v=~ are obtained according to Equation ( 1 ) . From Equations

(2), (3) and (4iqg!0eid alvout BOr AN L8 RS Sleiparesa Horgakmid yipe) B

is equal to O when incident |ight enters the hol ogram perpendicularly to

the top surf,;aqeQfzddla i 10 AN LAAR) Senieh e Wl ArbGid.heg diffraction
efficiency can be set to 1 for s-plane-polarized Iight and the diffraction

efficiency can hggsets t g0 Lorsdhdthdffc PYA AR tilcght vibh 1dE S dstdice,
the first plane-polarized |ight E1 becones s-plane-polarized Iight and the

second pl an@oR@lgHainzad dd BBEaEZzEGCQﬂFﬁtPsﬁﬁBﬁri@lei_bh\é@ﬂ &hBbEy 88g HHAWN i N
Fig. 1. As an exanple of a s-plane-polarized Iight diffracting
present invention.
Fig. 6 isaview for explaining how to prepare a hologram-type
polarized-light splitting element shown in Fig. 5.
Fig. 7 is a schematic constructionview of essential portions
of aliquidcrystal 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
Ahologram-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



.hologran}type pol ari zed-1ight splitting elenment [defined in claim3])

val ues v for s-plane-polarized Iight and p-pl ane-pol ari zed |ight Hg%EPZWZ

" satisfy the condition v=~ and v=3~/ 2 respectively.Simlarlyto
Equation(5),thefollow ng condition 9 05 S E P 2002 is obtained: ~~-65
~=4R. 2 (6) Accordingly, the diffraction efficiency values 1 and O are
obt ai ned for s-plane-polarized |ight and p-pl ane-pol ari zed |i ght
respectivel i . 85=4 ) i e, i LSt
pIane-poIar?ge g?ﬁg%?SE%ngggéﬁ S €E%|5ﬁg?%%*§r??§d ?%gﬁ?iggd.?ﬁ% §gggﬁd

pl ane- pol ar | i : 5@?3% = = ' | d n Eig.
1. The natubgﬁgﬁig%?%Fggﬁpggl g f%gphg?gaﬁg%?giéquﬂ% t£%ﬁ§?329¥ﬁ€?%P§ i's
split into e.fLES = ri i in j thout
bei ng diffrggtg b%nEhgkgggggghg %%gﬁ%@%g@%ﬁf%%%@??%h?mkgqugg%f¥rg%%% at

t he specifi e b r h ' ' i ' .0fs the
second pl angﬂ%@?‘%ﬁ??e%r%?g%?%egnﬁ%%gr %ﬁﬁ%%kh?%@#%{ﬁi@@ ifaek

pl ane- pol ar i | Lgh esfl - i t - s i.ght; E1
Passes 1 hr otanUEnEooPassocabtiTarE Bottr 108 ol AP AIskisand oithe
diffracted pl < ' Lgh LA, . dis
corpl ot el y PSPPEspad |t Sorpatarade ¢l BtPriab b iR MRty ah s Bl it

gl ass subst I i i (pg) i ref i on
angl e excee%?%ge%ﬁg% r?ff@g{qgﬁgygid?fﬁﬁsaggt%ggb%%% g%%y‘§ge?gﬁogg%%%he

pl ane-pol ar i;zed+sBhitting [elements of clainms 2 and 3 ] el ement can

sel ectively output only one of two plane-pol ari zed conponents of incident
natural |ight i it i hWEREL ! i S i NSt kUct i on
Urew of a hol ogrsaPiyee 16 <fPEBTEREs FhTns Presely FeHHLon AR b

el emrent enb [ enLRhesent +i,n j D o r.al ;

desi gnat es ggﬁg?gg%ghP§%§§n8%é?a?ggéfggg?d%gﬂggg5“6%§ggﬁgﬁ%§?95%§Fnﬁsg. 4
is a view for Rl ainis h 0 e . J -l isght
Spl 111 ng ol emend Shonn Fn b R e S el

1le, a first Lhapezqidal bpriasrrh&li?gﬁtam%egggd Sdapezalfal s ird Smpi3Reing

objective light 0 and reference her elements simlar to those

shown in FigjeRedte didsuidle BeMenkeiicanss | aidaisiand sHibR! f1efnt
descri bed above with reference to Equation (5), the hologramcan split
i nci dent pl appppekaki 2 ebilddHim i N BV\Qr&OsRAMSRES thy2 ditfd FQ%UPQ there
p- pl ane-pol ari zed Iight at an angle of 60 to a non-diffracte
s- pl ane- pol aki gie6kh irghitturalAiheli aghan 1@ee 10f £phet aseisd tdoarBied halghte. 9. .
phot o- pol ymer (n=1.54) having thickness (d) of 12.2 microns will be
descri bed bekgwnshhe thal ogigat)s gy epadeds dyox pasiaid g fids ensighitve
mat eri al through an optical systemshown in Fig. 4. The first and second
trapezoi dal (pifgractda aadght3brehave a trapezoi dal section having an angle
of 61.3 at one of four corners and are made of the same glass materi al
(ng=1.52) that Rispd2ficr ameldwngot ke&xpdladss ngud stiEFractdonTdeg1¢ apazeitdalg
prisns 13a and 13b are symmetrically attached with matching oil to opposite
surfaces of mathologppphed iy yhel o toyhah-tgpa grictmisesds tiighet splldtitdhglle
made of photo-polyner and attached to the glass substrate 12. The dry plate
i s exposed tdemeh¢rarmerdimghtoRlenpresdertinvenitight, whexthériens hwilblgriame
reference light Rin such a way that 11

thickness, 6 is an angle of incident light and 6s is an angle

of emergent light withrespect to an 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



"0 5 SEP 200Z light rays R and O enter the oblique surface of the prism 13a,
maki ng an angle of 63. 1 with a line perpendicular to the glass quggfa@f
12 as shown in Fig. 4 . The objective light 0 is refracted at the n y
fromthe first trapezoidal prism13a to the photosensitive material 1le,
maki ng an angle of 60 with the normal of the hologram and interferes with
the reference light Rto forminterference fringes insidethe photosensitive
material 1llghatBeydIGpespivtiakenid s diBananthibineyear emiettddes thae
exposed photosensitive material is processed to obtain a hol ogramtype

pol ari zed- | hghtaapidddd n%o@sqrm@t .highé&i S diFFtaregont her pLepaied. eraaent

i's supposed to have the hologramwi th grating fringes recorded therein with
a refractivRohBgexmaidd Bdennd peddt G3rfThetspacangl danarent gist mdgt
fringes formed in the hologramis 0.33 microns when the hol ogram was
exposed to hBeukk@blyof sﬁiﬂtnmaﬂﬁ@nou@mﬂ i ngtef e gnahiengpoikirmges
makes an angle of 60 with the nornal line of the hol ogram Wen natural

l'i ght havi ngoapwakakenghdsefpdildr 1ya €ndreas reke iphepar e d i i frt tame o

pol ari zed-1ightsplitting el ement along the nornmal |ine of the glass
substrate 12achi btk .PenwPlddmgdHentt W B e ROl A d 40 LOmanenighs gnd p:
t he p-pl ane-pol ari zed conponent is diffracted by the hol ogram 11 and

totally reflggkedqgl tREV hEEoGEAR ST W tHJutb@ERdar dirPhhteelina the other
s- pl ane-pol ari zed conmponent travels straight (w thout being diffracted) and

passes the gkassceHASHIahE-331a5i86QWMN it Iijzgdisfrérbee&\@d;ﬁlt&regmllb@&gﬁn of
the el ement can be expanded by overlaying a plurality of hol ograns or
conducting myltiple exposure of the photosensitive 12 0 5S EP 2002
elenment. Fig. 5 is a schematic construction view of another hol ogramtype
pol ari zed- | i ghtreidttrigi0t®| EDENt 2 erbRYyEBPcepe pEEsert ingva@ntfifeaction Fig
. 5, there is shown a hologram 21 and a gl ass substrate 22. Fig. 6 is a
view for expkrabsirigelsowft @hpr @pdloeriafe wiallogeadelsypa bpadl deilosd- i ght
splitting elenment of Fig. 5. In Fig. 6, there is shown a photosensitive
material 2le, addordind apeheiktde priks'ms Edaplad sevanthébapeaaifdalacpiioam
23b, an objective light O and reference light R OQher elenents simlar to
those of Figrricakfcy Yedfl RdeS i uiRf-@veRC phehkar aelBbFan T e hekebete
before with reference to Equation (6), the hologramcan split incident

l'i ght into foalpang-gabreessich I(i1ghin thepametittsicn there iwhen albis oyt ion
diffract the s-plane conponent at an angle of 48.2 wth respect to the
non-di f f racbgdmptplrdnd eodpsmred.' sAdealddgriam rmedeadsfisfhedosensi ti ve
material, e.g., photo-polynmer ( n=1 . 54 ) having thickness ( d) of 12 . 2
mcrons will be degersimgs) bel ow. The hol ogr arli)s prepared by exposing the
phot osensitive material 2le through an optical systemshown in Fig. 6. The
first and second trapezoikdal prisms 23a and 23b have a trapezoi dal section
havi ng an angl e ofvﬁgjgggc S four corners dfd are nade of the sane gl ass
material ( ng=1. 52 ) at used for making the glass substrate 22. The
trapezoidal prisns 23a and 23b are symmetrically attached wth matchi ng oi

t o opposite surdreeglefOandds byr apdht vty dilffirecttledt insidaeiphbodsgmsimt i ve
material 2le made of photo-pol ymer and attached to the gl ass substrate 22.
The dry pl avéthstbepbied ROrPeIGIARERT |tyhheRrsynfacs of othe SrRomEm is
objective light 0 coherent with the reference light Rso that light rays R
and O ent er eghelobbi gueanui¢ @ fofinclidepti $igh8a hmkigy eguatiigire (&) .48. 2
with a line perpendicular to the glass substrate 22 as_shown_in Fig. 6 .
The obj ecti ¥& q31gtad @)Cioélprléﬁga?ﬁ@gf%ﬁlﬁtfh%- Belnnar§dfiehtimand pedarized
trapezoidal prism23a to the photosensitive material_ 2le) making an angle
of 65.9 withAighé forfaY bavendifdesgramcoamd ing: GIehifdseignts the andt drence
light Rto forminterference fringes inside the photosensitive nateri al

2le. The tr&pEPELEANVeHi-sns 23a and 23b are renoved, then the

phot osensitive material is processed to obtain a hol ogramtype

pol ari zed-1ight splittgmg elenment. In this instance, the prepared el enent

i s supposed to havk,a tote§tnPwi th grating fridhges recorded therein with a
refraction factor anplitude nl of 0.03. The spacing between grating fringes
formed in the hologramis 0.41 m crons when the hol ogram was exposed to the
light of 514 nm The nornmal line of the grating fringes makes an angl e of
65.9 with the normal |ine of the hol ogram




When natural |ight having a wavel ength of 514 nmenters the prepared

hol ograim type pol ari zed-lightsplitting el enent al ong the nornal lkﬂi €$|®?e
- glass substrate 22, it can be split into two pl ane-pol arized conp 1Y
and p: the p-plane-pol arized conponent is diffracted by the hol ogram 21 and
conpletely reflected fromthe glass-to-air boundary, while the
s- pl ane-pol ari zed conponent travels straight (w thout being diffracted) and
passes the glass substrate 22 as shown in Fig. 5. The wavel ength range of
the el enment can be expamded by 14 0 5 SEP 2%0 overlaying a plurality of
hol ograns or conduétrﬁﬁfhultiple exposure O t'il’e photosensitive el enent.
Fig. 7 is a schematic construction view show ng essential portions of a

liquid crystal projection display according to .an enbodi nent .of the present
invention . In (E‘?’bé‘?q‘?e‘,‘t}%e | i qui%’élr%efé‘?muar?pﬁea@ corrp::{lgsgtéhst a |iqdg

crystal display panel 31, a first hologr e polarized-]i spli.tting
ol oot 320 S5l ST BOAE IRy Bt PPt B P DERE | YHHEE 51 g et
32b. In this &andinent, the liquid crystal display panel 31 is provided
with the fiPEE1EHE $Econd pol arized-1ight splitting el ements 32a and 32b

di sposed before and after liquid crystal _ displ, anel 31 tural ,light
frog1a li ght sdurcBP ﬂB?‘Bﬂgaﬁlfe?ﬁrE&aﬁgan%6%¥F§§F1§95t@ﬁﬁ%ﬂﬁ@?“&ﬁ%%h )
enters the first hol oqra ol arized-light splitiing.el enent a by .which it
o Sl B R A SRt Sp S BTG e GRS SR T o ey PR ons
are perpendicul ar to each other. One conponent_is diffracted by the

hol ogr am an@iff@nctden [of fisfieaCePFLofPT he- Bl 3R_- Rt 128 2, Lty &¢hi ng
the liquid crystal display panel 31. The ot her conponent_passes through the
first hol ogPdfRETASE i a?%féﬁifepﬁﬂt $70 t £iokg orRhRRE - B2 AR entldE the

liquid crystal display panel 31 in which the plane-polarized [ight is
modul at ed. Rﬁeﬁﬁﬁgﬁﬁésﬁf§/?ﬁﬁﬁ%MTWQH?‘Hﬁﬁﬁﬁﬁﬁﬁ?chrgﬁ??HE%E@??Fgaﬂﬂéd'by

t he second hol ogram_pal ari -light _splitting el t 32b and.then totally
refl ected. ‘%ﬁém?i (‘j’l.lj]ia l@ﬂfst%gl 'pr(gjr}egfllaokuagii's%f%yteoe;crfigoo“fld}%gcotnodjttnleonprceas?ent

i nvention can %ergkp%lfron1heat affection 15 (~ 5 S E P 2002 and agi ng
because it Uses the ol ogram type polarized-light splitting elenment with no
absor ption of unneg§§%p=y&%ight, i nstead of coaypntional di chroic type

pol ari zing plate, as poélarization elenents before and after the liquid
crystal display,panel. Fig, 8.is.a_sch ti nstruction yiew.show ng an
essenti al porti%nl%fe%P?%qEPdOcP§§Paﬁn§g§f5%tﬁgﬁﬁgi%B&ggsaﬁgﬁ? |4%§ ﬁé%
anot her enbqdi t..of .t S ' ' . [ Q- t he, L. 0l
rystal di sotapelsHy el R e R £ Y Bikiadte ofTuld Dot gpyl."ineh 4o

hol ogramty | grj zed- | Lght ssPLILL] e 4 el t,-si,d

pol ari zi ng %ﬁ%?@'i%g%ghd gﬁge%%?§£%%¥gggeé§€¥§$?%%%d§%fé%g 43.F l%t s
embodi ment, Jtha ddeid LHrVRdRh igherhAl BRI FEkalct iIBhO¥F HE8i BhED A€ be
incident-side polarizing plate 43a disposed in the front thereof and the
ener gent - si ¢ {Peb @+t pdphkakepdiIRrdizen0siht NTh R8 168 s HdiRIEO0the First
Furthernore, a hologramtype polarized-lightsplitting elenment 42 is

di sposed betpiegie tgwddiddd 169 @, Besphay Paprindtlpaut i emergendresi de
pol ari zing plate 43b. Natural light emtted froma |ight source (not shown)
through an afid eakotyisheanenpblahkoved ENJIEr £, thecomes delatiede ARiEder Ng
pl ate 43a in which one of the two plane-polarized |ight conponents having
di fferent paligtHtzald ahdhi e iR, per pendi cul ar to each other is absorbed
and the other conponent is allowed to pass therethrough and enter the
liquid crystal display dmeghmfleidt b -qdl drle gii1aia-A@ ai gredidldghictisnd hen
nodul at ed. An unnecessary pol arized-light conponent is diffracted by the
hol ogr am t y pe Jaa)aim -28ebd igdtarsidddtiightlGplitting element [defined in

claim 3], wvalues v for s-plane-polarized light and

p-plane-polarized light may satisfy the condition v=r and v=3n/2

respectively. Similarly toEquation (5), the followingcondition



"0 5 S E P 2002 elenent 42 and then conpletely reflected fromthe boundary,
not reaching the energent-side polarizing plate 43b that can be thus
- protected from bei ng heated by absorption of the unnecessary Iightﬂ%ﬁﬂfzmz
therefore, from heat-aging. THE | NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON
According to the present invention, it is possible to provide a
hol ogram type pol ari zed-light splitting el enment that can accurately split
pol ari zed IE%h%iq%(hé 0 pl ane-pol ari zed conponents by means of a hol ogram
havi ng adapted &1 raction properties and can operate w thout being heated
due to absorption ?g_l'ghég?md can maintain hu reliability of its
performance for a | néi'é Vice |life because it' does not absorb unnecessary
| i ght component_s in._distinction.fromcanventional dichrpic absorption type
b0l ar i 21 g of orEer AR Her T G AA G AE RS EK W BIS & RO e f or m
a conpact optical s s%en1beciuse it.can bg gLsR sed at_right an es.tqithe
optical axi & LN cBr BLRGCT BOLAELBFEs ed®ith D TRO{ e
possi ble to _provide a hologramw th_preset COBditi0n§ of diffraction

t.

properties REEESsaRFPESTidnLM teg Botard 288-Peoht - at- Highhd8grage ofthe
o1 ovi do & | AT ERPUPaPOBREIRE) kot hib i P BYEPEAPOLGEL BRRLHEY Ean
T does ot Hor t ihnoceeediy | (BheneTbolersiele PIbRS anf dodte HBteS
STEP 2002 CLRWRET PN O LS He DT AR (T Spi i (1 ng of enent
COTprL =102 9\ 358 S4B £ , &y PELORE IR R TR SODrfaht Haet 200
Pl ane:pol ar 5o SRIPNAI. 5 ERRASTOL L3l 6ol BIETe Y. 8 ot 8,
Comonent {4y RGN, AL Ol | (SEELEOC Tl e Bl
(e ! 00 CISHRD SRR, SRS, PR S b B SER A ene
pl ane- pol ar ib%redcrgeorwmﬂam 2. The polarization direction of the second
plane-polarized 1light E, is normal to that of the first
plane-polarized light. The first non-diffracted
plane-polarized light E; passes through the glass substrate 2.
On the other hand, the second diffracted plane-polarized light
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) o£1.52, witharefraction
angle exceeding the critical angle of 41° at the boundary.
Therefore, the plane-_polarized splitting [elements of
claims 2 and 3)lelement can selectively output only one of two
plane-polarized components of incident natural 1light in a

specified direction.

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

10



‘at | east once at a boundary between the second surface of the gl ass

substrate and nedi um surrounding the elenent. 2 . A hol ogramtype

pol ari zed-1ight splitting elenent as defined in claim1, charact 8mi%Pd0iIn

that the hologramis given diffraction properties for obtaining diffracted

pl ane-pol ari zed |ight and non-diffracted pl ane-pol arizedlight froma

p- pl ane- pol ari zed conponent and a s-pl ane-pol ari zed conponent,

respectivel f .t i at, .a hi ratj e ' i ng
o1 A M | U A o U cRERR E,;nggdgfggl ﬁl?gn;blfaénggﬁage

the forner %%nponen rave rection ma of

pol ar zed- | 1Nt FhE1d & ehifekBhafiassi angt e ¥h ROLAB M BB g pumeraL,
1, character i%zeéjesi[igqﬁir}[ags IQS%I]%SOQSI%IT%III;%% ven diffraction properties for

obtai ning diffrac ane- ari ze and non-diffracted

I - pol ized,light, '.f .n- Dl - i
plane-pol ! zed Lghty " 4br " 4,8P1 20 BOUALIASA LMY BBMbRre ipe
ti i ti t.he .f t i \
separaton deorss iy SU14 EAGLA0 G LATEL Comenenlolfl LUk L g
LT o) LU Bl oL oS sl S il o & el
I he incid i d F i .
o erent. on el 6T £S48 ! | RSCRHRGeAl 0 DERRRSLAYShYe a0
d- pol .z I i i - L. [t t]
second polar) SN0 ELRSRLe oA B8 HRUAOTT LYo SRl ACdlShL £81 11400
i sing: J - f i h
COMPEI SN PSSV RO A LU0 L1 col AL ARR L L1

the glass subStfatels Sgldet i tWOuP! AOEaPOLALT 260 GAIRARANLS) Wharei n

only one of the two plane-polarized conponents passes through a secon

surface of tﬁ&d@@ﬁ SHPSLHaL € ﬁn@&qehgepqra%%r—pgﬁ.,%rg.fzeth.itgﬁRt into two

pl ane- pol ari zed Cconponents 1 s prevente rom passi ng throug he gl ass

substrate alydifoRarandysHakacactidgls-bPhse Ibl - £Ld aclatt bR bRCatinss

substrate at the second surf ace . E P 2002 6.7 The devi ce of

L S I R 6 5 SRUIRONL B 0N R .

per pendi cul ar to each © r. erein salra o

one of the tyhdPl#NEnEebaEhgsdiGRMLNSH S1 | %.@i.f,fbﬁsiéd;%bﬂ.‘Wekh@an'?é@
substrate at the first surface. 8 The device of claim 7/, wherein sa

other one ofpdihd WhiRhk@R POk 8 i Z£d 2€0NREBLBHS w1 Uikl aastedbbat 1de.
gl ass substrate at an angle of 60 decrees with respect to a nornmal to the

first surface Ro1dbeafle\d fLePared Byaxiposity €h8 phaitdsenf iRt t WO
pl ane- pol ari zed conponents is diffracted into the glass substrate at an

angl e of 48.ghxagiean vpthchespacten ehawnoimeid.04t henhd iffiststsahfiagsonkd. A
liguid crystal projection display, conprising a |liguid crystal panel;
trapezoidal prisms 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 oil 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



a first polarized light-splitting device on an incident side of the liquid
crystal panel; and a second polarized light-splitting device on ﬂg ﬂgﬁ@mpnt
- side of the I|gU|d crystal panel, wherein at |east one of the first
second polarized light-splitting devices is the polarized light-splitting
device of claim5. 11. A nethod of using one or nore hol ogramtype
pol ari zed |ight- spllttlng devices in a liguid crystal proiection display,

ﬁﬂFLS'ert f ol ohagegt BPe) é#%%?gﬁé?%%%ﬁ‘%%ﬂ %W% YL

7712 B0 el RN O GO

zztsaaamxﬁé‘;"ﬁ% il e
:]%) om the% rs% raa‘p o&aaqtga ysm n.Leda tc?ulhcg’t

Plaﬂe Eolarl h h d f a||IQUI crys L 57 m 2 %o 3
2. T

modul ated | P to&g%m”:ftiﬁv?m%ts‘%%boaéehowa&la% %853932582285@“%@ e

odb o e | Pihlcth iSie AB9oBFHRY I 30 4RGETLER, APl ERELAOLLARANE

nmodul ated | gl %eam ogramtypé po P8r zed-T1

el ement oy %ngm%%%ﬁ{fg%atﬁ% yﬁfdégghggg,%@osgmﬂm Q. i ch

el enent is cap I'ng |nC| ane- po ari zed
pase the hollasrany s Ferbarprilt %%Bﬁ%ﬁm R grfno%@?o%?”&%“ '

therethro”a'éngofs?%” 19'6%5 8541 Phye aRd ?Pl%li ei?g?%@?%%ﬁ“%’e' Xb‘BHRH”tS

only the non- racted ane po Grize conpone

speci 11 ed diiaeldan e ahotle: sae1LLAR: BLVENS, O Qend tgs this

diffracted Zed conponent ecting the diffracted

pl ane- pol ari; -?n%g %@g)o{?ﬁgtplﬂetep é%ggﬂg%}ﬂtbfé WeoBoLRA 8 353, S HRE WA AR

medi um surroundi ng t'he el

s A G AT PO P T ey At P AR R e s

] ca] ca] ca] cg %q_]lct%]df‘eaﬂlf%]fc@] 68 eRkcad £ & BLERRLAA A« Crfgcaf ggg)fog] ed calc

-i#[}xsnid_Z]]ca] ca]ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca ajc
a] ca] ca] ca] ¢a] ¢akCrb £84£ahCR CR] SRR EAY when the hologram was exposed
N} xsni d_Z] ] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] Ca] Ca] Q:%] eabca] gRL i cAlL ahcarXBl Potmal line of the grating fring

&Y prtt (Hd###HAEH+S) Xsni d_ Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] C%&@sc%C%Jgggﬂlec@fcadcpalvg%c%gahsﬂnsal Ei‘h@ab%a%i‘iﬁ' ROPHY § %%
T())) R, - - - - xrmhc”X] c”a] ca] ca] ca] ca] cMalcalcalcalJca ca]ca]c

a] ca] ca] ca] ca] @ai@rah%at]xﬁ%hcahgﬁkqa&@ﬁr}@ai waleabagtaad £ cahmasit @t [ t/ v
[{/1111]/+0n0r1111s2J3[ 333394: 4MANAn4s4444~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] capaeplat@lactad TedLahct vhé plodahdakdaldahtad i ed g al emabk @1y ay ¢
a) ca] ca! 4- 6889
the normal line of the glass substrate 12, it can be gplit into
two plane-polarized components s and p: the p-plane-polarized
component is diffracted by the hologram 11 and totally reflected
from the glass-to-air boundary, while the s-plane-polarized
component travels straight (withoutbeingdiffracted) and passes
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



9B9J99: : : <<1@ @@BhDFFFpGH#I JLLL2MpMVMLNzupkf a\ W ] ca] ca] ca] ca] ca] ca] ca] ca]c
aJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] c”a] capg
- al INQOQ S4SAS| SSSTUUUUUUUUUL WNAKXAYGYPYSYWYYYRZZ} xr mhe~Ykfal\ W ] ] ca] C;S?ca?iga
] caU] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] cMa] c”a] ca] cha] ca] c”a] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca
AN\ AR EANT n_} b 3aCa\ a8ccddel eZe eoeveee Rf | w mhb] X] 1] ca] ca] c”a] ca]
ca]ca]ca]cang#gﬁLca]ca]ca]ca]ca]c“a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]calcalcalcal R _t tffggTg~gggggg$h6hnhijjjj

"a] c"a] ca] ca] chaleakea) gal £alealsaliad] cabaakeakeabgal ¢fad calrahadaheal cal ¢
Na]lca]ca]lcMa]jca]caljcaljcaljca rrkssttttlttttt;

UAUCUEUNUPUHH?.Hg&‘U?HL‘r!}yﬁ\évﬁelf/é(x‘.’i’zé&lilgmz\l]s(bﬁ%]tct'\ A 884 8AL RIS heral o

ajc”Ma]c”Ma] cha ca] CaUca] ca] c*a] cMa] c”a] cna] cta] cMa] cMa] cMhalcnhal cnha] cnhal

c"a] chav ¥g’\ééﬁrtt ention. In Fig., there is shown a hologram 21 and
UAuCUEUNuPuqur uwuxu uvv%vvav Xrif" ZThﬂcAa]cAa]cAa]cAa]cA cMa] cha] cMa] c”

o2 o\ coobealhcalaptbantons ole gl el ey gl o0

| L0vcss () L BSHEL 81l QYo SRIEDIR (o DLAOTEE: bl ADREBE) -

[ fWIEG: ! 10% &ML 1 & 0 ! b
/1 vaEe: | ()%%&%(y&%%? &) RGO B Ro £y 310368 i 814098

BT (et 0 o S ety >
F10%& () - an'd@ﬁﬁcftl%?léﬂg/‘b andreference 1light R. Other elements 51m11ar
to those of Fig. 5 are given the same reference characters.

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

hologramcan split incident 1light into twoplane-polarized 1ight

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 21le through an optical system shown in

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

a trapezoidal section having an 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 01l 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. The objective light 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
Rtoforminterference fringes inside 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 splitting element 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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overlaying a plurality of holograms or conducting multiple
exposure of the photosensitive element.

Fig. 7 is a schematic construction view showing essential
portions of a liquid crystal projection display according to
an embodiment of the present invention. In Fig. 7, the liquid
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 liquid crystal display panel 31 is
provided with the first and second polarized-light splitting
elements 32a and 32b disposed before and after

liquid crystal display panel 31. Natural light from

a light source (not shown) through an optical system (not shown)
enters the first hologrampolarized-light splittingelement 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 liquid
crystal display panel 31. The other component passes
through the first hologram-type polarized-light

splittingelement 32a andenters the ligquidcrystal 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

according tothepresent inventioncanbe free fromheat affection

15
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and aging because it uses the hologram-type polarized-light
splitting element with no absorption of unnecessary light,
instead of conventional dichroic type polarizing plate, as
polarizationelementsbeforeandaftertheliquidcrystaldisplay
panel.

Fig. 8 is a schematic construction view showing an essential
portion of a l1liquid 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 liquid 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-light splittingelement 42 isdisposed
between the liquid crystal display panel 41 and the emergent-side
polarizing plate 43b. Natural light emitted from a 1light source
(not shown) through an optical system (not shown) enters 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 liquid
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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reaching the emergent-side polarizing plate 43b that can be thus

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 is possible 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 absorption of 1ight and can maintain
high reliability of its performance for a long service 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 form a 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 conditions of diffraction
properties necessary for splitting polarized-light at high
degree of separation.

According to the present invention, it is further possible
to provide a 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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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 surfacelopposite 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-type polarized-light splittingelement as defined
in claim 1, characterized in that the hologram is given
diffraction properties 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 light at a high separation
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-typepolarized-light splittingelement as defined
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in claim 1, characterized in that the hologram is given
diffraction properties 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 1light 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 liquid crystal projection display comprising 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 the liquid crystal panel, characterized
in that the first and/or second-polarizing element is the
hologram-type polarized-light splitting element of claim 1 or
2 or 3.

5. A polarized light-splitting device, comprising:

a glass substrate;

a hologram formed on a first surface of the glass 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 through the glass substrate at the second surface and

is internally reflected in the glass substrate at the second

surface.
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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

rlane-polarized components 1is 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 said other one of the two

plane-polarized components 1is diffracted into the glass

substrate at an angle of 48.2 degrees with respect to a normal

to the first surface.

10. A liquid crvstal projection display, comprising:

a liquid crystal panel;

a first polarized light-splitting device on an incident side

of the liquid crystal panel;:; and

a second polarized light-splitting device on an emergent side

of the ligquid crystal panel,

wherein at least one of the first and second polarized

light-splittingdevicesis the polarizedlight-splittingdevice

of claim 5.

11. A method of using one or more hologram-type polarized

light-splitting devices ina liguid crystal projection displavy,

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 through

aglass substrate of thehologram-typepolarizedlight-splitting

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 light beam through a second hologram-type

polarized light-splitting device; and

removinganundesiredpolarizationfromthemodulatedlight 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 to pass therethrough without

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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