; e3e" 6S" NNODPL( QRERT6S[ g@\O 02/ 086610 PCT/ NZ02/ 00073 OPTI CAL RETARDER The
present invention applies generally to the field of optical retarders and
in particular to those suitable for use with nulti-|layered view ng screens.
5 BACKGR@M86ET The benefits of nulti-layerEd view ng $erd&nsnonrd
particular those utilising the technol ogy described in the co-pEnding

Pat ent Application Nos NzZ314566, N2328074, Nz329130, PCT/ Nz98/0009s and
PCT/ NZ99/ 00021 are gai ning increasingly w despread recognition and
acceptancgggﬁ hgir enhanced capabilities 10 conpared to conventi onal
singl e focdl §¥H s. The manner in which human bei ngs process

vi sual information has been the smmmﬂwmmmmm,;enm ve and prol onged research
in an att%gALum%stand this ss. The termpreattentive
processi ng i ned to denote ighgpact of the subconscious mnd in
anal ysi ng and processing visual information which has not becone the focus
15 of themépm&ﬁﬁn@éﬂﬂ%ﬁiaﬁﬂ&s rQJWﬁSSth higws L.arge number  of
vi sual elenents, certain Vvari gtélﬁ%ns or %ﬁ%}gy#@%&?ﬁmﬁ%a@?ww?“
char act er isthbsssuithblelfermetvEtcanlt- ?@Mommig&r&ﬁ&.ecti on by preattentive

as

processing. This is significantly ter than requiring a user to

i ndi viéiua |y scan each el enment, scrutinising for the presence of the said
pr oper iebﬁ-wﬂwﬂ properties 20 | end thensel ves to preattentive
processing has in itself been the subject of substantial research. Colour,

shape, th -di nensi onal. .vi sual clues, orientation, novenent and depth have
al l . been'!‘[‘{'?‘;r;vﬁéeé1 nﬁt a?g YE-IAYIeh r ACWIIR o SEENPr i BAFUGYAT these (ilising-the. . t hat

. triggerteghdedy Ve aeat t.entyl Ve, .p Si 2/ 08661 .

PCTI NZ02/ U00736%es%§% er slﬁshr%: cagﬂ Eigﬁés r%%hf 1@8éﬁigag8‘hdﬁ'g?'eg"élﬁé§q!nent S .
usi ng tarlyéB2&07d, bpim3der30, dHENZOB/ODDO RN R t Si .eattentive
features. Preattentive target detection vv?as tgg?}éqdz%ydgg?era;n%/ng%é‘n%met her a

t ar get . el ‘BAEsAsinglysvidesprentt recogniticremtd accuptirte dua td tRlrbnfihnd3a GhsHbaliRd
di stractor el enpents. Boundary detection involves 5 attenpting to detect the

bound¥ry 4% B\oRVEtenpl siigle fncgbpland dspdasiss with a uni que visual feature

set wwthin distractors. It maybe readily visualised for exanple that a red
circle i i at.el i scernible set. anongst a nunber of blue
circles. chnélPﬁc,& ﬁg@g}c cqug%%ﬁ“bgsl?é"?‘aé%w‘#@ 1‘%@5"%&%&% been e subieasefst a
nunber ofexttidie SnINFBRA L er to test for preattentiveness,
the nunber of di st I;%cg:t o?gdl gisE%gféﬁﬁi%g Jf%m&g?? %Aeﬁ{ﬁncfh‘lﬁ RRYMBEXR PEIFCES e

requi r ed The tede preiaftyntivecprbeds 88k had B8R cBHes A i L¥GeRhs the
nunber of distractors, the sea%ch s said to be%ﬁhggét{ en ?\E/utgf:m%lcll%uf ar

sear ch t ifad|ingpalysingasd grecessing visoaldhfembiion WRICRAAAE YoflBiB &Rl Ches as
preaﬁ%enti :@#YA wi, despread threshold tinme used to classify

prea ot IBWEr'$ COnspigly SWareRess. as thi s onl y allows the user opportunity
for a single '"look' at a scene. This timefrane is 15 insufficient fox a

human to Ay Ci o] t a different portion of the scene.

Search t gﬁ?%ﬁ@ﬁ@g}s’hﬁ% o%‘%ﬁbs%r g’f gggglbeg%c%§g@%3 § ShR@PerHey iadke t han 200

nmsec, thwisuslomestieratitda i f i in the.display is bei

processed in parall elu%ﬂatft gir%gje yg(s)rgaltﬁ!r'de)[}gt P?HHQ/%%B”I—%WE?@”B?%he

target i Pracessings eThisfis aignifijantdy Fisest thin 1RLGHE afRet 1 8&ividusfy s@n&Q i n 20

search, then research shows that these may not be detected Ppreattentively.

Usi ng t h&aseheacaiiaiging for the prestageqeft the said prgpektiad Eaktdevaaphopatea I ed

Ci rcﬁ& Sqt)qd%%sh'seg distracters including blue circles and red squares, it is
e

not Possi EESSOtPrEHEPRYRS) PEQceesing hysdn diselfibparethy subjeet| df shbeardinkt r act or s

i ncl ude t ique features of the target. 25 Whilst the above
exanpl e ?és?;g%rgé'eﬁ gﬂ%\%lrlgﬁ’neagﬁr \781@“1@’?5?&5‘% VVP%ILI%"’SS CEAYARGTH sneksenemeand nk

[ 1990] i demitiiavedt Y appear ance bei ng three
di nensT o h?’?ﬁ avvo““o%s%ggﬁ%&S%?/ ‘ﬁlﬁ%%]@%eoggf?aﬂgjvé%‘ﬁﬂ% o, el MggeHiet ect ed
pr eat t entffective prebitefitivd procesmepl e a target represented by a perspective

view of a cube shaded to indicate illum i above woul d be
preattcntively detectabl e anongst a pl ujmﬁnﬂﬁmmmﬁ@mract or cubes shaded to
inply illumnation froma different dir ) illustrates an

i mportant principle in that *159159




5 the relatively conplex, high-level concept of perceived three

di rensionality may be processed preattentively by the sub-consci ous m nd.
In conparison if the constituent elements of the above described cubes are
re-ori erwatdsssm renove the apparent three di nensionali tﬁ’cﬁ%&zﬁﬁﬁ% cannot
preattentively detect targets which have been inverted for exanple.
Addi ti onal experinentation by Brown et al [1992] confirmthat it is the 10
three di nensional orientation characteristic which is preattentively

det ect ed. Redeaghpmnmeuchnds oo nggg@lggﬂuc%o s rm,gdgqm?gp ggpt h
were preattentive characteristics and that furthernore, steteoScopic depth
coul d be Uawaduy dejestionirean hteraftite clmsi®f patétive featltes. TebAHeAfi¢e Guphte WOr K
done by EncPs Rensi nk i n suggesting that high-level information is

concept ual $5eHEN Hrspieed by algteppining whetherl 2 trpet\dlamalt wyspesent Hrafbsehe. user .
To test tt\ﬁ.tﬁgf eg{.}% of ge th, subjects were tasked with detecting targets
of different™Bi hogtHapl B d ydifteactori glemeryst hBouhdaryadstestion Resilvdss

showedsa L e ti irrespective of the increase in distractor
nurber g . 'Cl‘(j#egs agi 6%??%3&%%%&%%%@ 2 gPup Afjteeat elemeats with ampiaveue

di st ract orgsyaefRanik: Qnt j. red di strac blue on the
rear plane for stlgr ggte\?(t) oﬁ@tr%cré%?' (I:@{ng}%lgﬁxv{uélgﬁés,mﬁfﬁqd@ e§?’:8?l§dg%frf’dreﬁoti on
(SM tri alcirelet iwdudd tbediihé@aER 8isOinib r ' oL 9. t he
back pl ane noving down with a&rtgr getibgﬁéte?‘?h%&taﬂgmﬁr%\éh{]&pﬁ%ﬁea cf'ng down
or on t he Bpuely.p cinde wouldrtg repiilyResutabe ismmngmﬁm@?@qﬁma@% SC and

SMtrials ywere constant and bel ow the 25 250 nsec threshol d"regardl ess . of
the nurmberdi¥faciors i exdsr & testrfor proattantiveness.othe aniniben job idistastoiss kangiet di d
not peg§sesg.a fe tL%r%uni e to all, the distractors. , However, it W
02/ i Gd %1‘?‘1 i 2?%%7&‘1‘3&665&*@11 19 Hderidy cthe ctpxgelie memaint ecanstagtar ch
each pl angrpeat+Lof 4 [ .o ifhout interference fromdisfractors in
anot her pl an. Thi ﬂr’é@’éﬁé‘r’%ﬁ%ﬁ%ﬁf@ﬁﬂﬁsc P’r’ﬁ Wgé‘agﬁ)?r?\?étf"?w?'a Behar f f
[1998] i n searsletiir@IimitatONPRE usRI Yo S dsB M £2f agla}gg l.§Li.ng of
| ocating an internedi ate-sized tar get@%%‘?é@ﬁg’?% an %gﬁ%ﬁ "% r act or s
tested the serial nature of the search whereby the target was enbedded in
the same p} Bidespread thyeshokt time iosdstoaniaksifyiprepnaiveeddk iiy 200250 e fas kg Sear ch
wher eby t he tamggt was placed in a separate depth plane to the distractors.
The rel at PO #UAWs Sscescn ppportunityifar arsinglerlook’ afi & scaet oMhispimsfaine is

(regasdl e ﬂi.t eir depth) verses the nunber of distractors present solely
in thieg de%‘fsﬁ ﬁ‘%‘ﬂef%fﬂi‘f?@ﬂt 1or fREciesly\decidy & lqolkatsa idifferent. paTtien rafsthet s
showed a gugherg [ r j features inclyding the significant

modi fi cation of Tha t?%%ﬁg‘%}s%&&ﬁrceg?%% ﬁﬁ?\fcn‘a"%‘oar‘?g?’ﬂgﬁf%dg‘étleﬁr‘éé’éﬁ@@ or
absence. kuse¢hkud QUggedting ISR MSintdridatisn i 8 G B! @ dard

subj ects di spl ayed a di ?ect corresponrzjgn@edgsg)ﬁa&ﬁkegﬁl&#t}{ﬁ&ggdﬁ&zﬁ}ﬁors

whi | st t hénatigndedly or peeattentivélpl s di d not di spl ay any such dependency.
Furthernore, it was found that the reaction tinmes in 15 instances where

di stract ogss. vvere.f;@read across multiple dept hs were faster than for

di st r act oS MC¥Watetheitiee 18 campasedftarropiunntéon ahnmigue fertings, itehe comoinf a
plurggty d h/focal .pl anes as a nmeans of displaying information can
enhance p?%g%hé Zk%{“l %/eéeaﬁc?b%g’gv& Lﬁﬁ ta?SFrF‘%Yn?F&ﬁFoﬁ% Tegttersiyely. nbPsingabe Ther e
are two nabdvet lé’sf,' I 4k ..Dsplays used. in co ter nmqni.tors,
passive matrix ang actlf_\?e %{%%ﬁ&%&g@ \?}Gg%rfp?? i alﬁe‘g %F‘?Il%tsﬁ'i “BR‘%‘E)I ays
use a si ngliseacyoisdntladiag dPle/citdles alEefedSohed PR Lot '

di splay. Creating the gr-i d starts vviththg 91I gsglté %@éétdéﬁ%%%qg%gg?rat es.
ne subst ¢iErleprestigitively ascilLiim slisaackots 1acl0ddStie bShE itWB I QItRRAS Jilthn a
transparent conductive material. This is usually indiumtin 25 oxide. The
rows or c9f&ffms are connected to integrated circuits that control when a
charge is serit'”" down a particular™colum or row. The liqgui-d-crystal materi al
Is %SO %19@@“6@1%0% PCT/ N .02()00 73 sandw ched between the two gl ass
subsfTates, and a porariFPifyls Pasae i adefatively siapleovisesl sscae Banseanh
subst r at eReridk p{Sbo] el h | Lest resolyable area of  an image,
either on a schéien ]orcsﬁc?lrd ggﬂit%zﬁ%r%\@%ﬁ%gﬁaﬁ‘%e?% fgﬁnﬁ%ﬁggﬂ?%@# nmage
has its own brightness, fromO 5 for black to the maxi nrum value (e.g. 255
for an eight-bit pixel) for white. In a colour inmage, each pixel has its
own brightness and colour, usually represented as a triple of red, green
and blue intensities. To turn on a pixel, the integrated circuit sends a

charge down the correct colum of one substrate and a ground activated on
the correct raw of




the other, The row and colum intersect at the designated pixel and that
delivers the 10 voltage to untwi st the liquid crystals at that pixel. The
passive matrix system has significant drawbacks, notably slow response tine
and i nprW¥oiMssol t age control. Response tine refers to tm,kkwjog,saystal
Di splays ability to refresh the imagg di splayed. |nprecise voltage control
hi nders the passive matrix's ability to influence only one pixel at a tine.
When voltagﬁ is applied to untwi st ore 15 pixel, the pixels around it al so
partial |y obitets sin alshibedeterridesestompesy. IR0 } bl ntrast.
Active-matrix Liquid Crystal 6% spl ays depenf:l rfgﬁ@'glic%rlgtlgafnﬁ {r.ég%glé&sllt)%rgs (TFT)
Thin fil mPeappstive giew af @ ¢ubmyshsdeidt whimdipate dhshiakess fRne abaRAWLRT B They
are arranged in a matrix on a glass substrate. To address a particul ar
pi xel , t hePTREBEVelyodpteciablsamongstl 2o plurality o0 distreston cubar geadied teintplgown t he
correct calllﬂmr.aﬁSi nie all... of the other rows that the colum intersects are
turned of f ORI ORHETR 454 TeRs dingetiqns o This dllusieates Rngimpertanteprnocipls im thohar ge.
The capaci gQr..i I hal d.t he charge unti l e next refresh cycle. And
i f theggrro%l%tm%ﬁ"%g|°§’£§%xs‘3‘5€11‘?v8 congeptRf W&}%‘Y%‘I e dispeasionpltytae el | ed,
it can be prag&sddpreatibtivd € t 0. Sh Jight through. By
doing this in v%adr)g/cgét@%tv%ﬁ%?? Qzﬁg%sgr%a Si%@?é%ﬁ?%%?o&%mwgﬁﬁ?mﬁ spl ays
can creat elementepf Seodbeve Maskbed Gpka QRRY r I i ght ness
per pixel.  wo oaiossém G PCTI f~TZO¥21I%&%U73 l&’@ég%ﬁ%‘%@?;}@/%"%ﬁq‘ipﬁ‘%{’/ t hat
can show cHmsosenalilytsubjaste cirimoepresitantively | detast tdigdte hhidly 988 RBS ifletted col our
filters ta create1 each, col our pixel. Through the careful control and
vari ati on 19F cX#epleoAddijional sxperamentatins by Bravai etyaldi 992] confitthphatdt isqBe r ange

i xel produces a possible palette of 16.8

6 . mhi_ni h,
(r)nylelri gﬁ p?ﬁ%u??’@g]?%j]!sn ’%st lég Beiigise Whigheds opregitansively 2Bgeottdades of
Feonhol ogy ey i 2ha SISELA T1RED s AE R Botlfand kBl viresereeiontva | cs.
f err oel ectohimcletighiisthng ity figtheafishe stabi I ric liquid
crystal. They can ge lit usi r?g aﬁbs#%%ﬁ&ﬁ?gh@ﬁnéﬁ?géﬁ%éggg Qt%%}ec;?mgrthct er med
as ref | ectffeets dfgonjoint Brisireirefonred ther workndons ibyeEnme Rensih® 1§ Qidiahs o of

backlit and reflective and called transfiective. .There are also em ssive
t echnol ogite&-leyelinformesionsisiceneeptynlly bringtriroepsBidduetie lowdevatotumel ogicas Whi ch
proje an ciymge djirectl to {he back of the retina which are addressed
int hggsa%é %‘%I’?’érjragcsﬁp%l‘f%gc@b@ﬂ)&?- sphisptsayere tasked withaletasting targetdoficr i bed
her eaft er ; . he casg of di spl ay_copprising two or nore
over | appi r?gﬁ %ar aI@gﬁﬁ%scgs%g#ereg?uv&nml@mi ‘ﬁﬁté‘?c ‘EFP' c%%t’t"ggt%??"ﬁ idccqamstagti ng
convent i OR&dpbiseQRRS irfdSd-B0 LGl 56 «gﬁm i : pol arisation of the

| ight emanating from tﬁ{; front of{et e rdészz?a\tﬁ/amrqgm;sl%rgresén is ms-aligned with
the orientation of rear polariser of the front screen. Known techniques to
over come kese expenipeenks iverecfollowethiby conjsihviasks hbeits§ Blhie IARIRERR Wetd M5

| ocat ed beggg&n the two liquid crystal displays. 20 Optical retarders, also
known as PEFES op Rt Pren whilst jeddisqactorewereridoptdorna star plane and teytateet

consi4fgre s..Rol ard sat,i op form conyerters with close to a 100%
ef i C?Ignc&a%ﬁﬁgq ardey t“I?a@"‘b‘ePl@?enBI %ﬁlae‘?'} Hqress plenc for stareq welonni($€) al

havi t ioNEd D | hs . t.. WRi.ch | t he incident
o 1 oo S NS sl v el
fast axesmuvidgows oRPPBRMER phnd &iE B6Wa Q(Iiflfe %‘ ‘?%rgétt gcigl{yf' ﬂ'x@ﬁ%&sﬁ)l%ﬁ/e or

degree of polarisation. The conponent paral oW axrs 1Ts tetarded
wi th resp@evngsloveortzndhe bokpne siovigg .| el to the fast axis. The two

Results showed the response time for SC and SM trials were constant and below the
25 250 msec threshold regardless of the number of distractors, The trials involved conjoin

as the target did not possess a featurc unique to all the distractors. However, it



WO 02/ UG 1.0 7 PCTI NGJ2/ UUU73 conponents are then reconstructed to forma
single energent beamw th a specific polarisation form The degree of
retardance/retardation, denoting the extent to which the slow conponent is
ret ar deworeloadstove to the fast conponent is generally eXW@ﬁ%E’m&o‘? terns of
a) linear displacenent - the differgnce in the optical pat Iengt% bet ween
the wave fronts of the two conponents, expressed in nanoneters (nn); b)
fracti onal wavel ength - the optical path length difference expressed as a
fraction eppeareyitheobiaver angs bl sart@tabl phiny ipééa'i‘lﬁn{i{rél?‘?ﬁ-?fﬂﬁ hagenment

val ues by a particul ar phase angl e val ue or wavel ength by 2 er??, e.g
280nn 560AMeEEerance ficgn distractomstiaradether plask.c) phase angle - the phase

di fference between the wave fronts of the two conponent beans, expressed in
degr ees egl.thO 18 or radians,_ 1/2(err), (err). It can be thus seen that:
(err) ~ r/this Bscaioh yyas farther roinforgedeby, Mltonaangl Scherff-{10A8] In aaaries of

di spl ace 7~ = .the.wavelength r/a,. = is,the fractional wavel ength. I|f
the thi Cﬂﬁgéeg Zlgf’ tstlﬂeﬁpéﬁﬁrsﬁﬁrpﬂﬁ?mé‘éu%ﬁ o5 Ioeating Ansintermediatsrsizeddarzgethan t he
wavel epgt [ S hase, angl e | ess, than_ (err) and
is said tgmggé&g;a@g%éﬁ(#l r sg dbsr?{ g&tﬂgﬁsw? ﬁ%’ PRl eH] Ofgtﬁ?aggar&p‘mh@repé et ween
(err) andt2gdtma cinbeddda ! i &,naf der, if
bet ween 2(egfr) and 3(err) t]iifg}ﬁgggra%lﬁlﬁsr%goré%?togeﬁngr%%p&én%%sg%%%t . The
mean .waveMsngith whetehyp the taiget e/as phred iV pSARMepibSHINTED 18S dikhRidref €r ence
wavel ength for WD 02108G510 R optical retarders. 1' CT/ NzZU2/ U0073

Corresponq,l]ngqll%i a retarder may be enployed as a polarisation forth
conver t er ‘oS EtvaBinence oft thet tofl | nymber ol distpactotsr yaseni drageditessrof theid qui d

tal dj f l1i-screened LCD unit .through th ired angle t
Y on i ¢ SRR 1B Binber REHERRT R bravent tolgty Bt G deqtioplsne chienert U1 | qui d
t di ; : t, k tard ith
Y o ot PR imyER e, CThe MEls S0l Y BRI iRts Moo deatnes et | ci ent
chromat i cthasighificaht pobiFicaden of Eﬂ@re@ﬁ&ﬁ@ﬁ?d&%@éngcﬂhéﬁ%‘é%‘gé@r@{ﬂ & ke’

interference patterns when vi ewed between crossed polaris s is due
(at | east alisenopadn yhe arget ebsdnice krigls sthe Geashibe s ohals Heehimiats Bglsea bonat e
are avail gble, which result in second 10 or higher order retailérs. In
second, t Hirsctcresppdeace &o ther nymber ofedistractdre whilst the datgetvpresdne mgdlhdidof t he
spectrum&ﬁalsti&tguents of white light are retarded to by the sane |inear
ISPy any puch deRsndegcyy CHARIEK Wag Epndithat the sesotiercimiessinl our ed

di spl acene .
i nterjser efggndhl WIRES dtiiots were spread across multiple depths were faster than for

distractors located in a single depth plane.

Consequently, the use of a plurality of depth/focal planes as a means of displaying

information can enhance preattentive processing with enhianced reaction/assimilation
times.

20  There are two main types of Liquid Crystal Displays used in computer monitors,
passive matrix and active matrix, Passive-matrix Liquid Crystal Displays use a simple
grid to supply the charge to a particular pixel on the display. Creating the grid starts
with two glass layers called substrates. One substrate is given columns and the other is
g,wen rows made from atmnsparent conductive méteﬂal. This is usually indiuﬁ tin |

25 oxide. The rows or columns are connected to integrated circuits that control when a

charge is sent down a particular column or row. The liquid crystal material is



There are further conplications with the manufacture of such nulti-focal

pl ane .LCD I5 di splays. The fine regular structures formed by the col oured
filters and bl ack pixel matrix on the alignnent |ayers of each |iquid
cryst al Wi @yesae pr oduce a specific pattern in the |ight scraiasibdebed whi ch,
when conbined with the correspondi.ng pattern created.by the second liquid
crystal display, causes an interference effect - i.e. noire. interference,
degrading the resulting i nage seen by the viewer. 20 In order to elimnate
these int eaidyrichekbaitar s, tveo glabf ssterrates; dnds£pbRezPEIMBLR idasd tavend i qui d
crystal displays. This may take the formof an individual |ayer/sheet or
al ternati \9’8{)39316‘6 of saakesgbyitate.ne application of a particular pattern, or
structure to the surface of the retarder. Chenmical etching is a relatively
cheap neans._Qf, applyi the required pattern, though in practice it has
been foung‘ B’g‘ﬂ E‘f@?ﬁma%fi ¢ Satsshgesolyable agen abwk inesny eitheri on & stretmat i on

i th t t ar der,. 2j 0s~c~0 . r.CT/ NZC2| uuu~3
At or nar s ci8Eed B mBhoRP SR bRt e Rondisore HBASEhRGts o bHBR TGRS Topm O

cal endsr | agr ikl ns aldunian i, @ 3Rk a ARRRSALLY FSSaeg, Trater onto

the surface of the polyester retarder, Torm

surface simagd, sach pixdlNes ets' G BibIaRLs Shd BEloHF, 3uTRY | a
plurality of mcro |lenslets di fgdf!%si ng 1 nci dent ?éirghﬁepfcg&gélﬁil&?ﬁn gqt‘gisnoi re
i nt er f er effsle Beestl apd bbwrinwesitias Moctam diha pixek theOidtdssatbDYRNEY sehdTHHakgeaNt | Y
nore expensive, than conventional nethods such as chem cal etching. Further
al t er nat i 92¥nthrgarrst eqlarpraf oar sybssmtsi ander graundoactiveed ohithersormict fownof

di ffusiveycanabj Lity but .these are al so cost|y and have chromatic

uni form t 9‘%@@ " ?ﬁﬁ%"‘f’tﬂnfls”‘i‘l"% Ifeseqtpf they eesignateginizelimg thatglslivers e d
crystgl di if:h - rd Si 10 plane of the rearward surface
al i gned wyiaﬁiﬁéﬁggﬂ%?gtt%ﬁﬁlg%ﬁsgaﬁ% ?‘é‘é‘g pg%l't he rear-nost liquid crystal

di splay Unfortunately, this involves a | arge non-refundabl e engi neering
cost as i The passbie thatria Gyt tsgehifithnt BRWERE] AGhBINSIA) r&gﬂﬂs‘é%ﬁ&ﬁﬁi LCD
units and thus required production as customunits. In practice it 1s not
possi bl e ¥YEPIFHEQVeltageeopbhBResponse gime dofers tr tharldquidsPdysyl DRpRs wbitiout
changi ng IIthe HibB':n axis on the glass 15 as the contrast ratio of the

i mage woulodeHetl fegmage disnlayed efmpresiar woltagn cantel bindask fhei pastivé matrbdt i on of

t he rubbegd..rientation of an LCD. npt her Ss (as the process literally

i nvol ves %ﬁ@@: t(r:?gﬁlﬁ h(é“cﬁoq HPE@‘#CA;;EP%W %"g}"?}?gﬁ\ﬁ £pplisd, tauntwislgones| vet

cl ot h)s Wi hikeu j ' ‘ significant disruption to the
manuf act ultr) i n(thpé r%gglé éﬂﬂg% @%Eﬂgﬁ%@#&t@%&v@ gla%ﬁ UPaREY a@?ﬁ’%ﬁr"‘é

requi sit elaplghginh gaitiag) Ori entati on change to be di scerned by exam ning the
pol ari zation/glass finish to aclimate the retarder adhesive. This is
clearly visible by the unaided eye and is one of the |ast production
stages, tAHEvemair Heuiddtratal Bisplaysikiepdnd dnsthial film frarssstdns €TFD). Thinlfilee a t hud
party (i.e. ..not the original manufacturer) to realign 25 the respective
pol ari si nﬁaﬂg@mﬁ? ROIICHIRG Fanystgrend cprsitorsy They are aprragechin & mekixof

damagi ng j arel s, 4 .can _oc during nunmerous steps, in such
darmol 10 G0 oflss BIRR 76 B TR GRR o8 e SR o ATEL 22 S ERS, 1

0l | @01 NaheG erle ts Ukl dodn e TRHLAGIE. SheP AN di el LW S HEE QDT -

possi bl e damage to TAB drivers or g renovi ng e poaa zer: -

heating afolithe imetsasts aRSwirfed Bl_tﬂ.beEl?dhé SapabittiCR thd deRgEfESikAte@Nks GAN
damage the gl ass, damage individual pixéls from exceSsive
charge. The capacitor is able to hold the charge until the next refresh cycle. And if the
amount of voltage supplied to the crystal is carefully controlled, it can be made to
- -untwist only enough to allow some light through. By doing this in very-exact, very
25  small increments, Liquid Crystal Displays can create a grey scale. Most displays today

offer 256 levels of brightness per pixel.



pressure, and the liquid crystals may be overheated; 3. msalignnent of the
new pol ariser; 4. replacing the panel in the original packaging - again
causi ng possi bl e danmage to tab boards or the glass; and 10 5. electrical
stati c owoagessah any point of the procedure. Furthernor all of
the interstitial optical elenents |ogcated between the dﬁyggﬁ%‘i@g@érs (i1.e
the LCD panels) may change the optical path |length of light incident on the
second (or successive) screen having passed through the first display. This
al t er at i oA Liqud ICsy$teINDisR1 r | | . .8quire
correction tlgq entsdgge a c*égﬁﬁﬁ?agf&ggﬁbﬁ@&néagggpﬁ#gﬁggF@PQPQEI‘%&EH‘?@ whi ch
may i ntrodiew sdchluepblonalilipaitt cheargédeh CoRne psxel. My the cAidinl corflidi 09€n,
or any other inert gas; - a selective diffusion |ayer; 20 - Pol ymner

Di sper sed 3 gatiefiay ofsthavoltagerappliah Itecintensity bfiescH sebpissldan rangd@ve25H§6CL>X0
PCTI f~17., 02 00873 11 - .Liquid Crystal between random honogeneous al i gnnent
| ayers; - SRS H-embpung dhe sbpixet praducases pessible paletis of 16.%Antillivafdobsirs Ve

coat i ng; j gal, C nt;..- Diffusive film - Holographic diffusion film
and - gny%gé%g?dﬁﬁ%?xfzép S%éf‘?%fﬁ'ﬁ@ﬁ%ﬁ@‘aﬂ?ﬁ@rﬁl@r)ence Thus, there is the
conbi ned need to cost-effectively re-align the polarisation between 10
successi vey Y ol id.chromti c aher.rations such as col oured
interferenc%@rdi;%gggsmplrsggg%lfe t‘“vﬁq %ﬁ s'tg (CESaTr oo e W] s[’ﬂlﬁa F’é’f'&f&% OREY> as

pol year boiadting\shpere biks@aCRTmatk-0C ki1 Bt AP hERNS ORISR ARk o2t ons
cited in this specification are hereby incorporate y reference.

adni ssi on SFystaharibsurfest stabilized feeroelecictiguit drystile ThY @ ba kit usiddBmBiepguSSi on
of the rehg{le.nc § Sstates what their authors assert, 15 and the applicants
reserve t tr‘f‘dﬁ'lld% gaserthey ap damed @s eafloctives Packiitl apdtermed Wean mfssivBeorcd t ed

doc ts . W | | .ear| nder st ood that_ although a nunber of prior
art upu. | i g%‘ﬁ‘g\éﬁO%ngﬁcﬁgﬂ%ﬂg@%@pgichl}eq anstleativey érlﬂji'g@ %méll;orvmisaimgt : tute
know edge “imdipgies 8iet s gL aRORRIBRE Dibtis MEP et Sloging rhiehgoiett | o
acknout edas tini dsindclty oo ' VRN IS tordiPWnich BICHIKARA ok WbadhGkons: P

attributed with either an exclusive or an inclusive neanin

pur pose o#s Ligiis! Gqyetl Dispidyis 0 Thesedbviteh BfsdetdritRl WeSaME1a%D hhgeld.er m

“conprise' shall have an inclusive neaning - i.e. that it will be taken to

mean an iﬂ]cghusi on of not only the listed WO 02/086610 |a PCT/Nz02/ 00073
e case of a display comprising two or more overlapping parallcl LCD panels, an

15  inherent characteristic of using conventionally constructed LCD screens is that the
polatisation of the light emanating from the front of the rearward screen is mis-aligned

with the orientation of rear polariser of the front screen.

Known techniques to overcome this drawback have to date involved the use of retarder

films located between the two liquid crystal displays.

20  Optical retarders, also known as retardation plates, wave plates and phase shifters, may
be considered as polarisation form converters with close to a 100% efficiency. A
retarder may be simply defined as a transmisive material having two principle é:xes,
slow apd fast, which resolves the incident beam into two orthogonally polarised
components paralle] to the slow and fast axes without appreciable alteration of the of

25  the intensity or degree of po]aﬁsation. The component parallel to the slow axis is

retarded with respect to thc beam component parallel to the fast axis. The two



conmponents it directly references, but also other non-specified conponents
or elenents. This rationale will also be used when the term ' conprised or
‘conprising' is used in relation to one or nore steps in a nethod or

process.wbi2igean obj ect of the present invention to adg%ﬁﬁéﬁﬁgﬁngoregoing
problems ox at least to 5 provide the public with a useful” choice” Further
aspects and advantages of the present invention will becone apparent from
t he ensui ng description which is given by way of exanple only. D SCLOSURE
OF | NVENT! &ipdaes Qe thchOreoStALasied & F&ﬁl 4 Qﬁxrgﬁr &Ref¥ent p&ﬁ%ig{‘mtsgg«‘& g!S

provided a multi-focal plane 10 display including™at [east east
partial |y polaishtigpiomn. dThekdegtes uf fobaemediRrirdgion ddnoting Whs SkteMPlol Widkh
retarder interposed between at |east two said screens. A first order
optical ref@slaurcosinsnertds retandbdiesdation ¢y the fiss porapeEmannis generallyakp@kdedlin of | ess
t han or eqtual to that of the incident wavel ength. Furthernore, it has been
found that @9 st order retarder does not produce di scerni bl e col oured
interference fringes when 15 used in said displays. Suitable materials for

pr oduction of; have hitherto s ed from significant

fii.r onder retarder ffer
dr awbacks suéh Ha{lg iﬁt %@?@%ﬁ@‘?"?y%@@%@&cﬁdg feentigalpath #t“gﬁi Bphvveencthe Mave agei ng,
di | ti i G I ittl d forth,
Thus. accor di natdtts & 8 e FEHOAEMY s AR Bl oS T o thore | o

provi ded a di splay 20 as herei nbeforc described, wherein said first order
retarder is b) fectondl wavdléngine dpt bpiithl PRAPRAEIIETifMredbedbRtbakd as a

pol ypropyl ene. Preferably, the said optical properties include those of a
di ffuser. The dfactonef a gientyavelengthyobtaimddry divideneskpar displacapert vellust i nct
frort~ said retardcr .or WO 02/08 0 PCT/N&2/UUU73 13 diffusive '
properties may “B& BBfflauPhase argle ¥alpg orc wayslength by i £ @280nmés60nm ad% or di ng
to a figyther e i . Said diffusive effects of the diffuser are forned
by a rrlg{ans sel %Qgéﬁ%ﬁ‘iﬂﬁe group conprising chem cal etching; enbossing;

i npressing: or calendering a random non-periodic surface structure onto
the diffusercsphhcangle Th@eifasd dFRAA b vl Hoflsf SMURR g oM the
surface of the display surface is a trade off between inage clarl%y
(decrease wit hcsmpanalt beahs,arpreskefl iniddgedes of 90h @ 80Biok eadedrfse o, . The
separation of the diffusive |layer fromthe display surface can be

controll e(i baé usé%l?g adhesi ve of various thickness, to attach the diffuser
to the di b‘f )Pe SfS&E%.th‘_’Fhi s is applicable for both the use of a separate
distinct diffuser or one 10 integrally formed with, or attached to the said
retarder. glhpg,paccording to a further aspect of the pr esent invention, the
said diffuser 1s adhered to said display by adhesive of a predeterm ned

thi ckness. In a display as described herein, used with visible light with a
mean \avelviegt hdef thbpRamBanghi d first order retarder has a phase difference
of less than or equal to 560nm :

T" = the linear displacement
A = the wavelength
I'/A = is the fractional wavelength.

If the thickness of the retarder produces a linear displacement less than the wavelength,
20  the retarder produces a phase angle of less than 7 and is said to be of the first order. If
the resultant phase angle is between 7 and 27t then the retarder is said to be of the
second order, if between 27 and 37 it is a third order retarder and so forth. The mean

wavelength of the visible spectrum (560nm) is used as the reference wavelcength for



15 Thus, according to a further aspect of the present invention, said
retarder causes a phase angle retardation of |less than or equal to one
wavel ength of light incident on said display. This is nay be alternatively
expr ess &0 BHIs§6i near di spl acement of |ess than or equalpé.ﬂNE{%%%%of sai d
incident light. The biaxial polypropylene is preferably formed as clear
flexible film though may 20 conceivably be forned as a film |acquer or
coating. According to another aspect of the present invention there is
provi ded ePpweelretdrdefs. manuf acturing a nulti-focal plane display including
positioning a first order optical retarder between at least two partially
over | appi r]frg di S(PI ay surfaces. According to another aspect of the present
i nvent i on THFESRONdiighy ayetarder mayibexenaployed as' Ol ARARBGoHA chivatdrypraay| ene
| ayer ada for use in an optical system PCT/NZ(12100073 Sai d opti cal
system neg%g ﬁ%tp mb%‘)ﬁlarrgg‘i ﬂglétth‘EF“ttBe FRAT tpast Yauid onysteh displaypdfay multssalemed i bed

above, butyd optical system capahle of utilising the said

opti cal pr%%lgﬂn#ggﬁggpécaﬁﬁﬁ re‘i)_ﬁ?éﬁr%%"lg@ﬁ@?‘ Bspolasisptien plase of the rrase of a
For its optheal aroseirial Gl AUy, PRIKRER Yo Solfeartiturasie ko | 1 has
been foundetakiats wietph dk RGrik§6\Whst! N arbonat.e. i

mul ti-layer displays by film ofStb?{g?gﬁ%oﬁrgglrfggyF@n@?ﬁ% Wﬁﬁéﬁ%@ﬁlgdl y

advant ageSheompads whifermzityetoadiodd tedappeat@o® 8f taloRed CraidhwR kO  infifere gﬁo The
mul ti focal plane displ aés are preferably formed fromliqui d1 crystna

panel s, t RBUGRS Mherriewed bewinen srossed golakiatrs.o Thiaris Hoe (@ 1edst 9P piu€Plolihe act i ve

di splay e S . ,be used and are thus incorporated within. the scope
of . the p?gé%{r%%s ‘.°%FH F‘%fﬁ.ﬁ’sﬁﬁl?gmm areilpRaywhich fesult resccaspect s of
t he pI®sedt highMeRldr0daiitls] become apparent fromthe followi ng I5
description which I's gi'véeh by way of exanple only and with reference to the
accorrpanyiatng drawings in which: Figure 1 shows a diagrammtic

repr esent &t semondyfthind or highef ©e®dr rladds, Gths REfffer] n i th. one
enbodi ment of the pr es_engt i nvention. Ié%%:ér N@%iéa‘ﬁ%fe&%myﬁc%

| NVENTI ONFoRgtiments aéfwiriteelighenire dionedsd of biyhe BiBS SRbarl @YSALLAD] SudiPn i n
figure | éh.%corfo ated in a _dual screen display ( I ) of known type.” The

di spl ay (40 Reaseiargest fichobalprappinegd cplanretlintbriérenps fingey sdsalt. di spl ay
screens (2, 3) upon which information and/or inmages may be displayed by a

i et I .h f d enbodi t sh [ inplified
Formin 11y e RS ComptfRalies P B ufistionoh pivh AB-Real PRGELEDr con (2)

to 15 displays. The fine regular structures formed by the coloured filters and black pixel

mafrix on the alignment layers of each liquid crystal display produce a specific pattern
in the light transmitted which, when combined with the corresponding pattern created

by the second liquid crystal display, causes an interference effect — i.e. moird

interference, degrading the resulting image seen by the viewer.

20  In order to eliminate these interference effects, a diffuser is inserted between the two
liquid crystal displays. This may take the form of an individual layer/sheet or
alternatively be formed by the application of a particular pattern or stmicture to the
surface of the retarder. Chemical etching is a relatively cheap means of applying the

required pattern, though in practice it has been found deficient for producing

25  acceptable results in combination with 2 polyester or polyester retarder.



WO 02/ UBGGLO YC?/ 1170zl 00073 15 provide illumnation for the i mages shown
on one or both LCD screens (2, 3). To minimse costs, both LCD screens (2,
3) are constructed in accordance with conventional nanufacturing

t echni qu¥e,02/08@10 crossed polarising filters are |ocated wrfkpRubéRnt and
rear surface of each liquid crystal qactive elenment. A consequence of the 5
characteristic operating nechanismof liquid crystal displays is that the
pl ane pol arisation of the light emerging fromthe front surface of the rear
LCD scr eerlisphatives o deguck] viching imdpdecémbassingpimmbatigsat ¢0endetiagof fe t he
rear surface of the front LCD screen (3). To rotate the emergent |ight from
the rear SeideR#terD Py A halpgraphiepllyrecordadginesten onloi tw snithee 06 the phlyestear

pol ari sati_gn C{?il er .of the front LCD g,creen (3), an optical retarder (5) is
pl aced befSBHITt FITRE 25 Bdeis nep-pedgdic\girface §tRIchK@or L hept gandomipeser ( 5)

Totarder. Saon AR ECoPRRIEER: A R 8P Ry dns mifiogaRo Teu e Pt of

the resr kGRiskE SR8k 2 b S 1.Sq PE1aaY i t od:pe for . ffusive
pattern to be apgl?‘i Ieréla%lt)crfglg?%r ggcrls&%lg@ra\%#ﬁ% E’f er?%'rp eﬁlggl% SIngbrog'gg %’r

degr adi ng sightficaetiymhestexgirsive aliar cdnventio®d SmethHAL kiR RNERerRRAl LS 2T €
generated by both the Mdire effect) - i.e., interference caused by slight
peri od di $yehern tlesrnisbesireiude epedficallyt enghokbesad fearderofiln evilhChd Jerfgens (2,
3}, and the effects of chromatic separation of white polarised light into
“rai nbow CBRAPHIY byt theserigealso @isty ard hayscheomatighmiformithprodlans used t o
deregul ate the interference patterns generated. 20 It has been found in

£ Leal i di f.f usi ttern | yester d
ot pr ovi St PREEER o BERbRndirobylfacid £ AtpBP b Tl pRRURSE The
mai n 20 { ephakiofehé e atisedioct AL il Y YeheBRSRIAE, Bf R %g{-ﬁy%gf cal | y

recorded master with a random se€d surface structure onto ycar bonat e
retarder Hqmidarpstaldispayp lhesumnaiedy, ibwemaiivai datde manefundaBe @ngxbaRts ve than
chemi cal etching. 25 Prior art alternatives also include custom

manuf act ufed ap drragpeicherpscunedatedcinglie nianhfactuee pfeonvputiciral $iCTYufiikd 4ref  of t he
front LCD screen{ﬁéi{ &Igr.eady aligned wiith the rear WO 02108G510 16

PCT/ Nz02/ BB§ 759 pncHon, S pystoTR UBES. |Iepractice dhis(mt possihlestorwetat¢ thenment
may al so i en _ al uf gct.ure a third party,. albeit with a
signi fi caﬁ@#%ﬁ%?& a@ﬁ‘%’%ﬁ{%ﬁ?%&“ %&%50@1‘ g%‘ﬂ?“gébf Hﬂ#’é‘%g’“ﬁfmrﬂé"- BesSynment
at e prohi b e/ EdiraSx REBIT R itk ROBRCHicASHEN! HBRAGTRRSS Shuld b faeed by
use of a biaxial polypropylene Tilmas a irst ordet refarder % | ocat ed
bet ween t pleysis@Distieation of (i, ruBhed dicuxitivh ¢FnyRCDPYbABE gRYA(dsaht pratessect from
comercial stationery outlets has been found to produce surprisSingly good
resul ts i Hterdiyrigvelvebmbbiag thepolyimidralayer omthe st iwith & mtatirg wébwit eleshicost  and
avail abiljt be{}gf its. A f_‘),ri ghtness gain _of 1.96 has been neasured in

conpar i sowlt¥8ute E#’Pﬁg“ﬂ& i5 gEquld cpuseayigrificantrdisrptemnte che hanufagturing

pol ypr opyél%gﬁss.of 10 sufficient thickness to forma first order retarder
elimnates the colour interference effects whilst also permtting the use
of chem cally etched diffusion pattern to elimnate the Mire interference
ef f e@0 wi Bhouhtrdsossic of a ol cAalA thY reqliSsi@GthiZAesh & dtifdn chahige (ag ee of
retardance/retardation is generally expressed in terns of 15 I'i near

di spl acendifgerned by exfinifing decpolinizatibe/ghass finizh tpatlmhtentys kethdemaibasivhe wave
fronts of_t.he two conponents, expressed in nanoneters (nn); e) fractional
wavel engt Tois 1§ flaathy,yisiblg byfhe unridedieye andkis one of theddrysmoedimtion stages, st | on of

a given . th. ..qbt ai ned by dividing Iinear displacenent values by a
parti Cu|g@ﬂ‘g¢{§€§°t§%@gs€m ue or wavel ength by 2n; and 20 f) phase angle -
the phase difference between the wave fronts of the two conponent beans; It

and thus,Ttiid 2168 Bofbrb BI&i1RE G Mhikd Bhrty 8.7, Adt?he GAfinal manufacturer) to realign

25  the respective polarising screens though this is also expensive and runs the risk of

damaging the display panels. Damage can occur during numerous steps in such a third



where S = the phase angle Wo 02/086610 i~ |I' = the |inear displacenent
7~ ~ the wavelength X' /7v, . =is the fractional wavel ength. PCT/ 1~ Z02/ UUU
73 As biaxial polypropylene nmay readily be produced as thin flexible

dur abl e vedexasse105 sufficiently thin to produce a |inear pé,ﬁgm%g nt |ess
than one wavel ength of visible Iighty, i.e, the retarder produce phase
angle of less than (err) it is said to be of the first order. Prior art
retarders used in this application produced resultant phase angl es between
(err) andp@&typrodedore, eluktegad 61 41) ofaheifodlodsitig; . i . e, second order, or third
order retarders respectively. 10 The chem cally etched diffusion pattern
may be applied to a diffuser in the formof sheer of acrylic (6) or simlar
pl aced betwedRmeKmgthpleEr paned fiom itgyurronhd: {paasiblel dapmige po FTAB driversadrs o

provi des sufficigent chromatic uniformty that the retarder (5) can be

pl aced at anfhf)gfaﬁst’ bet ween the LCD screens (2, 3). According to further
enbodi nents (not shown) the diffuser (6} nmay be either fornmed 15 as a

' S [ . .or .diffusi g
e appl 1 i 1o There, BFopabghe 7 ek Yl bt JF realid B KREF s vo
ef fect® of 't hnetién UaEoah iRk e AL B HEOTBARpRIE RbR0eycElRRSS! NO;

i npressing: or calendering a random non-periodic su ce structure onto

the diffuser messtacend 6 LifaR] ¢gstals nsBitRvetieae®f the said diffuser (6) from
the surface of the display (3) surface is a trade off between inage clarity
(decrease with separation) and diffusion of the noire effects (increasing
with sepatat iBRFISumans ok tismest pariaesn be control | ed by using adhesive (not
shown) of a predeterm ned thickness,.to attach the diffuser (6) to the

di splay (8) Thi S¢S icabl e f.or both enmbodi nent.s using of a
separ at e 2, %%£%§?¥6%1n81 %)an‘P? %ﬁgﬁﬁ;ﬁglfg ~ AP HpINg PPFTdE damage gy one
integrally faimBshrdd éfthe @lasgitdr@ched to the said retarder (5). It is
envi saged that the biaxial polypropylene filmthickness and variations in
the manufacturing processes and/or constituents may affect sone optical
propedti €5 | wectrtfahstatihdardadef araap point of thefpeavediree | ndex for each
pol arisation axis, different 5 frequencies and tenperature. However,
accor di ngFtng tests to date, biaxial . )
urthermore, some or all of the interstitial optical elements located between the display
layers (i.e. the LCD panels) may change the optical path length of light incident on the
second (or successive) screen having passed through the first display. This alteration

in path length leads to chromatic aberrations that require correction to ensure a clear

| 15  display image.
Interstitial elements which may introduce such optical path length changes include:
- Air;
- nitrogen, or any other inert gas;
- a selective diffusion layer;
20 . Polymer Dispersed Liquid Crystal;

- Ferroelectric Liguid Crystal;



pol ypropyl ene exhi bits achromatic retarding properties. It wll be
appreci ated that although the preferred enbodi nent has bean described with
reference to a dual-screen liquid crystal display, the invention is not.
limtedwaoseselo It will also be apparent to those skillgeqzloh@sart that
the invention may be equally 10 applg;cable to other optical systens
benefiting fromthe said properties of a biaxial polypropylene retarder.
Furthernore, it will be understood that other materials my be used as
retarders-in diqiid @rydtal-Yetwedn mhdvdeheihognans MisAes@iydrfley provi de the
first order retardive properties of biaxial poprropy ene. 15 Aspects of
the present invention have been described by way of exanple only and it
shoul d be-apprs&ylg BalycadonptedPdlyesteri ons and additions nay be made thereto
wi t hout departing fromthe scope thereof. wo 02/ 086610 19 CLAI M5;

PCT/ Nz02/ 00073,,1. . A nul ti-focal plane display including at |east tw at

| east partiall a“scﬂiverlapping di splay surfaces having a first order optical
retarder interposed between at | east two said screens. 2. A display as
clainmed in cl @iﬂﬁtéﬂecwgbﬁhﬂlgsai d first order retarder is a material with
the optical properties of a biaxial polypropylene. 3. A display as clai ned
inclaiml or claim?2, wherein said optical properties include those of a
di ffus®r.-4. Opticsldemenggs clainmed in claiml or claim2, further conprising
a diffuser fornmed as a distinct layer fromsaid retarder. 5. A display as
claimed in claim4, wherein said diffuser is adhered to said display by
adhesi ve of arbﬁhﬁéﬁﬁkﬁined t hi ckness. 6. A display as clained in any one
of clainms 1-5, wherein said biaxial polypropylene as forned as a cl ear
flexible fil L SRk clairmed in any one of clainms 1-5, wherein
said biaxialn%%%v%éggéﬁ h%xpgﬁPbFWéd as a lacquer or coating. 8. A display
as clainmed in any one of the preceding clains, wherein said display
surfaces are oy omer fik@for rdibddnEmyTé lterfirs@eay panels. 9. A display as
claimed in any any of the preceding clains, wherein said retarder causes a
phase angle retardation of |less than or equal to one wavel ength of I|ight

i nci dent ®hRus ghere ds thel egymbined need to cost-effectively re-align the polarisation between

10 successive LCD panels, whilst avoid chromatic aberrations such as coloured

interference fringes present with the use of existing retarder such as polycarbonate.

All references, including any patents or patent applications cited in this specification
are hereby incorporated by reference. No admwission is made that any reference
constitutes prior art. The discussion of the references states what their authors assert,
15  and the applicants reserve the right to challcnge the accuracy and pertinency of the
cited documents. | It will be clearly understood that, although a number of prior art
publications are referred to herein, this reference does not constitute an admission that
any of these documents form part of the common general knowledge in the art, in

New Zealand or in any other country.

‘20 It is acknowledged that the term ‘comnprise’ may, under varying jurisdictions, be
attributed with either an exclusive or an inclusive meaning. For the purpose of this
specification, and unless otherwise noted, the term ‘comprise’ shall have an inclusive

meaning - ie. that it will be taken to mcan an inclusion of not only the listed



10. A display as clained in claim9, wherein said retarder causes a |inear
WO 02/.05Gd O 2U PCTI NZ021UU073 di spl acenent of |ess than or equal to 560nm
of said incident light. 1. A display as clainmed in any one of the

pr écedi ngoeb@icer Wherein said diffusive effects are fg{jﬂ@? %‘é"’% ans
selected fromthe group conprising clgem' cal etching; enbo ¥ X Pﬁiressi ng:
or cal endering a random non-periodi'C surface structure onto the diffuser
surface. 12. A nethod of manufacturing a nulti-focal plane display as

cl ai med i Rofiyn 10T gkl (S » hiiNGlHd] 3 f sitioning a
first or derﬁigpt‘?ﬁl r(gtgég%?f%eex%cﬁéegbtataspeg@% ?&g sgécﬁﬁ?%?o?g%a\?gp afpi ng
di spl ay swidnues ThiSratibhgle WEll ARE ba asddl WHeNRH: tefin CéchpRistd’ W@é;ﬁ#yﬂsiﬁ@i ig first
order optical retarder sheet is formed from biaxial" pol ypropyfene® 14. A

bi axi al pdisgdingpiptiomto dreyormared sippeinh o method er proceds) optical systemas a first
order retarder. 15. A multi focal plane display substantially as

her ei nbef Qre descri bed, with reference to, and as shown in the acconpanyi ng
drawi ng. 1692 SHthstPresgnt Tuxentiontp gddress the foregsing prsiblames of atjikasy to

subst aati a| h i nhef ore scribed, with reference to, and as shown in
t he aggo 5%%?%@38§é§§ ; aPﬂﬂ?ﬂ J%Ku. A F. A33. AY. A(l . A AFF9. A3

Al F?. Ayul . Al . AY, . A3Y?. A FR A3F. A& AF_. A3-. CINQ ]

| m
o<kY~yt oj Mt}-{h%%@&& & mlaﬁﬁa%%]adgg?elc @g%ggﬁg;}@%@ﬁ%%&&é‘]aﬁs&%&] £&hGgyl cal cal
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15  used in said displays.

Suitable materials for production of first order retarders have hitberto suffered from
significant drawbacks such as instability underexposure to bright lights and/or ageing,

discoloration over time, manufacturing expense, brittleness and so forth,

Thus, according to a further aspect of the present invention, there is provided a display
20  as hereinbeforce described, wherein said first order retarder is a material with the optical

propetties of a biaxial polypropylene.
Preferably, the said optical propertiés include those of a diffuser,

The diffuser may be either formed as a separate layer distinct from said retarder or
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controlled by using adhesive of various thickness, to attach the diffuser to the display
surface, This is applicable for both the use of a separate distinct diffuser or one

10 integrally formed with, or attached to the said retarder.

Thus, according to a further aspect of the present invention, the said diffuser is adhered

to said display by adhesive of a predetermined thickness.

In a display as described herein, used with visible light with a mean wavelength of

560nm, said first order retarder has a phase difference of less than or equal to 560nm.

15  Thus, according to a further aspect of the present invention, said retarder causes a
phase angle retardation of less than or equal to one wavelength of light incident on said
display. This is may be alternatively expressed as a linear displacement of less than or

equal to 560nm of said incident light.

The biaxial polypropylene is preferably formed as clear flexible film, though may

20  conceivably be formed as a film, lacquer or coating,.

According to another aspect of the present invention there is provided a method of
manufacturing a2 multi-focal plane display including positioning a first order optical

retarder between at least two partially overlapping display surfaces.

According to another aspect of the present invention there is provided a biaxial
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5  However, to date, biaxial polypropylene has not been employed for its '0ptica1
properties, and in particular those of retardation. It has been found that replacing
known retarders — such as polycarbonate in multi-layer displays by film of biaxial
polypropylene that unexpectedly advantageous results are obtained in comparison to

the prior art,

10 The multi focal plane displays are preferably formed from liquid crystal panels, though
it will be appreciated that other forms of optically active display elements may be used

and are thus incorporated within the scope of the present invention.
BRIEF DESCRIPTION OF DRAWINGS

Further aspects of the present invention will become apparent from the following
15  description which is given by way of example only and with reference to the

accompanying drawings in which:

Figure 1 shows a diagrammatic representation of a multi-focal plane display in

accordance with one embodiment of the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

20 A preferred embodiment of the present invention is shown in figure 1 incorporated in a
dual screen display (1) of known type, The display (1) incindes two overlapping,
parallel liquid crystal display screens (2, 3) upon which information and/or images
may be displayed by a variety of known means. In the preferred embodiment shown in

simplified form in figure 1, a back light (4) is placed behind the rear LCD screen 2) to
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To minimise costs, both LCD screens (2, 3) are constructed in accordance w1t11
conventional manufacturing techniques, i.e. crossed polarising filters are located on the
front and rear surface of each liquid crystal active element, A consequence of the
characteristic operating mechanism of liquid crystal displays is that the plane
polarisation of the light emerging from the front surface of the rear LCD screen (2) is
crossed with respect to the polarisation pla.ne.of the rear surface of the front LCD

screen (3).

To rotate the emergent light from the rear screen (2) By the required angle to align with
the rear polarisation filter of the front LCD screen (3), an optical retacder (5) is placed
between the LCD screens (2, 3). Whilst in theory, the retarder (5) may be placed
anywhere between the screens (2, 3), the use of prior art retarders such as polyester
necessitates a location adjacent the front of the rear LCD screen (2). This is primarily
due to the need for a diffusive pattern to be applied to retarders to avoid interference
effects degrading the resultant display (1) image. Interference patterns are generated
by both the Moiré effect, - i.e., interference caused 'by slight period disparities between
the structured surface on the LCD screens (2, 3), and the effects of chromatic
separation of white polarised light into ‘rainbow’ coloured fringes. Diffusing the light

is therefore used to dercgulate the interference patterns generated.

It has been found in practice that chemical etching of the diffusion pattern on polyester
does not provide sufficient control of the colour interference patterns. The main
alternative to chemical etching involves embossing a holographically recorded master
with a randomised surface structure onto the polycarbonate retarder surface. This

process is however significantly more expensive than chemical etching.

Prior art alternatives also include custotn manufactured LCD screens constructed with

the rear polarising filter of the front LCD screen (3) already aligned with the rear
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10/ screens. Both means of re-alignment are prohibitively expensive.

The present invention addresses this need by use of a biaxial polypropylene film as a

5 first order retarder (5) located between the LCD screens (2, 3). Biaxial polypropylene
avaﬂable direct from commercial stationery outlets has been found to produce
surprisingly goo& results in terms of optical performance in addition to the obvious

cost and availability benefits. A brightness gain of 1.96 has been measured in
comparison to existing polyester retarders, Furthermore, bjaxial polypropylene of

10 sufficient thickness to form a first order retarder eliminates the colour interference
effects whilst also permitting the use of chemically etched diffusion pattern to

eliminate the Moiré interference effect without loss of image quality,

As described carlier, the degree of retardance/retardation is generally expressed in

terms of

15 d) linear displacement — the difference in the optical path length between the wave

fronts of the two components, expressed in nanometers (nm);

e) fractional wavelecngth — the optical path length difference expressed as a
fraction of a given wavelength, obtained by dividing linear displacement values

by a particnlar phase angle value or wavelength by 2m; and

20 f) phase angle — the phase difference between the wave fronts of the two

component beams;
It and thus, it can be thus seen that:
0=T/A2n

where 3 = the phase angle
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I'/A = is the fractional wavelength.

As biaxial polypropylene may readily be produced as thin flexible durable sheets,
sufficiently thin to produce a lincar displacement less than one wavelength of visible
light, i.e, the retarder produces a phase angle of less than 7, it is said to be of the first
order. Prior art retarders uscd in this application produced resultant phase angles
between m and 27, or between 27 and 3% , i.e. second order, or third order retarders

respectively.

The chemically etched diffusion pattern may be applied to a diffuser in the form of
sheet of acrylic (6) or similar placed between the LCD screens (2, 3). The biaxial
polypropylene also provides sufficient chromatic uniformity that the retarder (5) can be

placed at any point between the LCD screens (2, 3).

According to further embodiments (not shown) the diffuser (6) may be either formed

as a scparate Jayer distinct from said retarder (5) or diffusive properties may be applied

to the surface of the retarder (5) itself.

The said diffusive effects of the diffuser (6) may be formed by chemical etching;
embossing; impressing: or calendering a random, non-periodic surface structure onto

the diffuser surface.

The ideal separation of the said diffuser (6) from the surface of the display (3) surface

is a trade off between image clarity (decrease with separation) and diffusion of the

- moir€ effects (increasing with separation), This separation can be controlled by using

adhesive (not shown) of a predetermined thickness, to attach the diffuser (6) to the

display (3) surface. This is applicable for both embodiments using of a separate
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manufacturing processes and/or constituents may affect some optical properties
including the difference in refractive index for each polarisation axis, different

5 frequencies and temperature.  However, according to tests to date, biaxial

polypropylene exhibits achroratic retarding properties.

It will be appreciated that although the preferred embodiment has been described with
reference to a dual-sereen liquid crystal display, the invention is not limited to same. It
will also be apparent to those skilled in the art that the invention may be equally
10 applicable to other optical systems benefiting from the said properties of a biaxial

polypropylene retarder.

Furthermore, it will be understood that other materials may be used as retarders in such
multi-focal plane displays provided they provide the first order retardive properties of

biaxia] polypropylene.

15  Aspects of the present invention have been described by way of example only and it
should be appreciated that modifications and additions may be made thereto without

departing from the scope thereof.
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two said scraens.

2. Adisplay as claimed in claim 1, wherein said first order retarder is a material with

the optical properties of a biaxial polypropylene.

3. Adisplay as claimed in claim 1 or claim 2, wherein said optical properties include

those of a diffuser.

4. A display as claimed in claim 1 or claim 2, further comprising a diffuser formed

as a distinct layer from said retarder,

3. Adisplay as claimed in claim 4, wherein said diffuser is adhered to said display

by adhesive of a predetermined thickness.

6. A &isplay as claimed in any one of claims 1-5, wherein said biaxial polypropylene

is formed as a clear flexible film.

7. Adisplay as claimed in any one of claims 1-5, wherein said biaxial polypropylene

is forrned as a lacquer or coating.

8. A display as claimed in any one of the preceding claims, wherein said display

surfaces are formed from liquid crystal display panels.

9. A display as claimed in any one of the preceding claims, wherein said retarder
causes a phase angle retardation of less than or equal to one wavelength of light

incident on said display.

10. A display as claimed in claim 9, wherein said retarder causes a linear
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structure onto the diffuser surface.

12. A method of manufacturing a multi-focal plane display as claimed in any one of
claims 1-11, including the step of positioning a first order optical retarder between

at least two partially overlapping display surfaces.

13, The method as claimed in claim 12 wherein said first order optical retarder sheet

is formed from biaxial polypropylene.

14. A biaxial polypropylene layer adapted for use in an optical system as a first order

retarder.

15. A multi focal plane display substantially as hereinbefore described, with reference

to, and as shown in the accompanying drawing.

16. A method of manufacturing a multi-focal plane display substantially as
hereinbefore described, with ‘reference to, and as shown in the accompanying

drawing.



