17 May 2005 | MPROVED DI SPLAY TECHNOLOGY TECHNI CAL FI ELD This invention
relates to i nproved view ng technology. In particular, this_invention wll
be discussed in relation to 3-dinmensional display 5 techndl@ﬂ?)‘@@@ﬁ as
that described in the applicant's co-pending patent application
PCT/ N20098/ 00098 and PCT/ 0099/ 00021. It should be seen however, that the
. principles of the present invention should not be limted to this use and
can be applied el sewher ' I | chnol ogy whereby a
~viewer |ooks through aﬁ?wgm%@%ﬁg@y%t her image in the
background. 1o Reference shall. now be nmade to use of the present invention
in relationym-geartiaehpol ogy as disclosed in the above referenced patent
appl i cati ons. BACKGROUND ART The applicant has previously devel oped a '
3-di nensi onal view ng technology. This technology uses in preferred
~enbodi ment s ThA®ingentit elavanlimppivad visvgog tecbrglegrl 15 di spl ay (LCDs)
screens positioned parallel to but spaced apart fromeach other. In
addition to the nore obvious benefits of 3-dinmensional displays in terns of
realistic [argardgudir, aisdaperttiont Wil hepliscosast in wlationate Bulitipriiong divpday des
addi tional potential benefits in terns of preattentive information .
processi \g. tdtimotamynsusheast thehteseabed it dkes PRRiGIRES FORFREHIENBYCH ARPHEHHAD t he

act of the 20 subconscious mnd in analysin andgorocessi n%@éi su&l6
i nf or mat i on RETAIZ0028/00098 and cBE/ODRY/ s Iorshopkl b cifen ' ROWeYRS cthat, dhe

awar eness. Wen viewi ng a |arge nunber of visyal elenents, certain ..
vari ations @rinsippeeftthegrasent INTRLOR §m18 anbelimies &g RS uss and caf bh ceplisg
lead tor aple({seqwet;[eﬁe(i E)Li?tﬂ:ﬂ%ly% ed%%la%%éh\ﬁ%lo]gy whereby a viewer looks through a screen

or the like to see anothér image in the background.

10 Reference shall now be made to use of the present invention in relation to the

technology as disclosed in the above referenced patent applications.

BACEGROUND ART

The applicant has previously developed a 3-dimensional viewing technology. This
technology uses in preferred embodiments two or more overlapping liqﬁid crystal
15  display (LCDs) screens positioned parallel to but spaced apart from each other. In
addition to the more obvious benefits of 3-dimensional displays in terms of realistic
portrayal of depth, the applicant’s display techndlogy 'glfovides additional potential

benefits in terms of preattentive information processing.

The term preattentive processing has been coined to denote the act of the
20  subconscious mind in analysing and processing visual information which has not

become the focus of the viewer’s conscious awareness.

When viewing a large number of visual elements, certain variations or properties in

the visual characteristics of elements can lead to rapid detection by preattentive



17 May 2005 processing. This is significantly faster than requiring a user
to individually scan each elenent, scrutinising for the presence of the
said properties. Exactly what properties |end thenselves ﬂJ'HﬁEQWW@ntive
processing has in itself been the subject of substantial research. Col our,
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was tested by erm ni ng targét elenent was present or absent 10

within a field.gfnbackighounshed ifbd-aihdikioRhE PRI TluddO BRGRNord MRS e and
invol ves attenpting to detectf the boundary formed by a group of target

el enents it Redn UVEUR MésillvediRaiel 8 d®erMtchidinhs bisasl Ragres! thalBYRR:
readily visualised for exanple that a red circle would be immedi ately

di scerni bl e gftctppigatentvepideessingf bl ue circles. Equally, a circle would
be readily detectable if set anobngst a nunber of square shaped 15
distractors. In order to test for preattentiveness, the nunber of

di stractors Beseeerrdi suclkaas Gicsman i [fl98Fle comductdl wkparimetpiivseg tagétdendi fy
the targets remai ns constant, irrespective of the nunber of distractors,

t he search i bowmlady tieteborpireat atteampit\te claShifsi preatterdiva dediunes.nBrdatteativet tacges ar e
used to classify boundary detection searches as preattentive. 20 A

wi despread t Hetestign was itefted, be deteanigingswhethens dagetetlenen feasspresend 00 abswt s ec
as this only allows the user opportunity for a single "|ogk' at a slcene.
This tindPraiathin a figld,fofj E#%E{O“F%rdlﬁfqﬂﬂ?aﬁe’tn&n@onﬁﬂuﬂw GEteR v BIvES ok

at a different e ear ch tasks. such .as those stated

ay f t S
above maybe & gﬁﬁrﬂ‘?é ?Eonn%%e‘?tﬁ&fea%"z‘?jg‘%afﬁnﬁ Y AP PifAeetelogeat Mt  HNAvE he-
| nformation L/Psu%lht%at(ljllres Eéte\%tﬂir? dlt%g'lacr}grsp ") I%gy%seergadi{]y vpl&ra?ilsécﬂor example that a red

circle would be immediately discernible set amongst a number of blue circles.

Equally, a circle would be readily detectable if set amongst 2 number of square shaped
15 distractors. In order to test for preattentiveness, the number of distractors as seen is
varied and if the search time required to identify the targets remains constant,
irrespective of the number of distractors, the search is said to be preattentive. Similar
search time limitations are used to classify boundary detection searches as

preattentive.

20 A widespread threshold time used to classify preattentiveness is 200-250 msec as this
only allows the user opportunity for a single ‘look’ at a scene. This timeframe is
insufficient for a human to consciously decide to look at a different portion of the
scene. Search tasks such as those stated above maybé accomplished in less than 200
msec, thus suggesting that the information in the display is being processed in parallel

25  unattendedly or pre-attentively.



25 unattendedly or pre-attentively. 2 17 May 2005 However, if the target is
conposed of a conjunction of unique features, i.e. a conjoin search, then
research shows that these nay not be detected preattentiveIV.M@i’ith@E’t he
above exanples, if a target is conprised for exanple, of a red circle set
within di Stgaﬁ&‘}l{r?if 't]ﬁ\zcia‘r'%ét RYcRhpGed of 6lc8Rjuadtbn’ SiChr@iedfeaires| 1.c.i sScon@in
possible to detect the red 5 circle preattentively as all the distractors

i ncl ude one @hrchheheh WeosekfthCilBwh @it Un&® idy adide detocadipreaientisely.t fusirgbihe e
exanple is based on a relatively sinple visual scene, Enns and Rensink

[ 1990] i dent jHdveckxhhglest &f getatzediiy ebmblisedafipeamppls aff a ed mirclehset ewithin

di nensi onal objects can also be detected preattentively. Thus, for exanple
a target repgiessnbedndyding upeirdeeatd ed squaes,df isand yivesiblealgatgtach thermgilcat e
il lum nation from above woul d be preattentively detectable anongst a

pl uralitys of cidils preatemntivetyuises] thhaiktxctors inplptly ongd of thertvia tnispe feaspres of the
different direction. This illustrates an inportant principle in that the
relatively ctmgdtex, high-1level concept of perceived three dinmensionality
may be processed preattentively by the sub-conscious mnd. 15 In
conparison, if the constituent el enents of fhe above descr.i bed bezangre
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coul d be overcone conjoin. This reinforced the work

done by Ennsp%%ﬁ%ﬁ‘élﬂ ReRHABRS Ainbfkst NApIuMIAP -df EXiSracdi! Qib¥BIshaded fo imply

conceptual ly
illumination from a different direction. This illustrates an important principle in that

the relatively complex, high-level concept of perceived three dimensionality may be

processed preattentively by the sub-conscious mind.

15 In comparison, if the constituent elements of the above desc;ribed cubes are re-
orientated to remove the apparent three dimensionality, subjects cannot preattentively
detect targets which have been inverted for example. Additional experimentation by
Brown et al [1992] confirm that it is the three dimensional orientation characteristic
which is preattentively detected. Nakaymyama and Silverman [1986] showed that

20  motion and depth were preattentive characteristics and that furthermore, stereoscopic
depth could be used to overcome the effects of conjoin:” This reinforced the work
done by Enns Rensink in suggesting that high-level information is conceptually being
processed by the low-level visual system of the user. To test the effects of depth,
subjects were tasked with detecting targets of different binocular disparity relative to

25  the distractors. Results showed a constant response time irrespective of the increase

in distractor numbers.



processed by the | owlevel visual systemof the user. To test the effects
of depth, subjects were tasked with detecting targets of di_fferent

bi nocul ar disparity relative to 25 the distractors. Resul t 7sMa¥eP0%
constant response time irrespective of the increase in distractor nunbers.
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conjoin as the target did not possess a feature unique to all the

di stractors. honewRivingldovid obdiP@abeck plaee mbsiagupr s were able to search each
pl ane preattentively in turn without interference fromdistractors in

anot her plane. This research was further reinforced by Melton and Scharff-
[1998] in a SReidgs shbwedxietdspaist simenforSCindoShemiatshwemsionstantsirgt belgwdhe

| ocating an intermedi ate-sized target anongst |large and small distractors
tested the sefb@lmseatthrashold tegerdissarof thavmandisy of disttmtarsr gBhe \Wadls drveldedd
in the sane plane as the distractors and the preattentive nature of the
sear ch wher ebyonjhis asathgéargetadid pptipessess 4 faatyrpaiaicctoadbthe distgors. cHepgver,
distractors. The.relative influence of the total nunber of, cii stractors
present (egaitdippsared the ehspiversqusie ahletg search ?4‘?3 Riapegepatipntiyely an Qyp gyithout

present solely in the depth plane of the target was also investigated. The
results shom@tg?ﬁﬁﬂﬁeg0££§t%€W%ﬁ@ﬂéef ®aP%r es i ncl udi ng
This research was further reinforced by Melton and Scharff [1998] in a series of
experiments in which a search task consisting of locating an intermediate-sized target
amongst large and small distractors tested the serial nature of the search whereby the

15  target was embedded in the same plane as the distractors and the preattentive nature of

the search whereby the target was placed in a separate depth plane to the distractors.

The relative influence of the total number of distractors present (regardless of their -
depth) verses the number of distractors present solely in the depth plane of the target
was also investigated. The results showed a number of interesting features including
20 the significant modification of the response time resulting from the target presence or
 absence. In the target absence trials, the reaction times of all the subjects displayed a
direct correspondence to the number of distractors whilst the target present trials did
not display any such dependency. Furthermore, it was found that the reaction times in
instances where distractors were spread across multiple depths were faster than for

25  distractors located in a single depth plane.



20 the significant nodification of the response tine resulting fromthe

target presence or absence. In the target absence trials, ?e reaction -
times of all the subjects displayed a direct correspondenc M3y d95nunber
of distractors whilst the target present trials did not display any such
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the Use of Sréqér%%%%ﬁéaﬁ%nﬁ B FBEA PERE g b SRS Fo sy Hgon
I nformati on can enhance preattentive processing with enhanced
reaction/ assi titkation tines. Al though not restricted to the exclusive use
of sane, LCD screens are particularly 5 suited for use with the
applicant's display technology. As is well known in the art, LCD screens
are typically configured with crossed polarisers on either S|de of the
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effect of the ogona polarisers i s overco wever
probl ens occur,with the introduction of this extra elenent Bi- ref r| ngent.
films do not have a uniformthickness even though the variance is only in

10 In one means of addressing this problem, the applicants place a bi-refringent film
between adjacent LCD screens. This film transforms the polarisation of the light
coming from the rear LCD screen from linear polarisation to elliptical polarisation,
before it passes through the front LCD screen. This enables the viewer to see an image
displayed on the rear LCD screen through the front screen as the effect of the

15  orthogonal polarisers is overcome.

However, further problems occur with the introduction of this extra elerﬁent. Bi-
refringent films do not have a uniform thickness even though the variance is only in
the range of micrometres. Therefore, the different wavelengths of incident light such
as that comprising ‘normal’ white light results in polagisation ellipsoids of different
20  axial ratio and/or tilt angle, after transmission through the aforementioned bi-
refeingent film. Therefore, varying amounts of light of different wavelengths will

pass through the polarisers of the front LCD, and the user will see bands of colour.

A further problem of viewing one LCD screen through another LCD screen is that the
viewer’s perception of the electronic tracery pattern used to address each of the pixels

25 on the LCD screen. The combination of viewing the tracery on the back screen



the range of micronmetres. Therefore, the different wavel engths of incident
| ight such as that conprising nornmal' white |ight resultsf@ 9% risation
el lipsoids of different 20 axial ratio and/or tilt angle, 't May 2005
transm ssion through the aforenentioned bi- refeingent film Therefore,
varyi ng amounts of |ight of different wavel engths w || ass through, the
pol ari sers ofovetlaidiwighthe @rseryem therfsons Seiceicpyses SIS iptesiesmce gatipgps Which
further problem of view ng one LCD screen through another LCD screen is
that the vidfRresy prijecaleians uppelcpme &o g@t‘f‘%‘ﬁ‘?rc tracery pattern used to
address each of the pixels 25 on the LCD screen. The conbi nati on of view ng
the tracery aon the back ,screen verlglid Wit h
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side of the fTim I's T emedi s e visual col our anonali1es, and the

viewer's per I%@g oPithd &s'ceg; @Igﬂfé)i/r]gﬁ'rkc}ééﬁ. M9, i® 4B seeh I thd fntreBlctith

seen that th oduction fuse elenent to this technol ogy plays a

pivotal role 4, gif e%&agexﬁ@oﬁﬁu&ﬁhémgy glri]l?ﬁﬂaqyi%thﬁoid-%@ﬂﬁﬁﬁgaﬁb@ﬁbﬂw It

is inportant that the diffuse bi-refring el'enent is |located close to the

rear screen JdQuleGnikiONCHScidef dispyer Wi th the greatest divergence of |ight
and thereby providing a wder view ng angle. A necessary effect of the

di ffusive nature of the bi-refringent filmis a slight blurring of the
i mage on the kéaimpdEiins tiae e diffase bipefringent evmbntols leliatddugdoserfoite tehesereen num
anount that renders the appearance of noire interference patterns invisible
or 1s i nsigni ol panide tharti¢wer With thes greatest divegen¢enek Eghtsandothershy providing a
unnecessary but detrinmental

wider viewing angle.

A necessary effect of the diffusive nature of the bi-refringent film is a slight blurring -

of the image on the rear LCD screen. The optimnum level of diffusion is the minimum

amount that renders the appearance of moiré interference patterns invisible or

15  insignificant. PFurther diffusion or blurriness is not only unnecessary but detrimental
to the perceived quality of the image on the rear screen and hence that of the

combined multi-screen display system.

The blurring of the rear screen is compounded by the way that LCD manufacturers
presently manufacture their screens. At present, almost all LCD manufacturers
20  produce screens that have a matt surface on one or both sides. This matt surface is
intended to reduce glare on the LCD screen by randomly scattering the light reflected
off the front of the LCD screen, so that a mirror-type reflected image is not perceived
by a viewer. This matt finish may also be on the rear surface of the LCD screen to

help to diffuse the screen’s normal backlight source.

25  Unfortunately, this also increases the diffusion of the light being emitted by the rear



to the perceived quality of the imge on the rear screen and hence that of
the conbined nulti-screen display system The blurring of 1%@ r%creen
i s conmpounded by the way that LCD manufacturers presently i d e
their screens. At present, alnost all LCD manufacturers 20 produce screens
that have a matt surface on one or both sides. This matt surface is

i ntended to s@dercevhghahis stmdahiel CODscsenne avitthmat fidgngplisd dotthe iiogt apd/or i ght
reflected off the front of the LCD screen, so that a m'rror-_t¥pe refl ect ed
i mage is not rgesughceeds Ut with tharaplicanti sstegknology; 3 desorieg. NS SRR pRe
rear surface of the LCD screen to help to diffuse the screen,s.nornal

backl i ght sounuesessaplUhiusiedigat Bngge thereby Zptuctngthg phhey?-pimensionals
the light being emtted by the rear 6 17 May 2005 screen when this standard
LCD screen, Wisla¥matt finish applied to the front and/or rear surface, is
used with the applicant's technol ogy as described. This results in an
unnecessarily pblurred rear inmge.thereby r heltd Ll

3- di mensi &nallt i & RIFF Oga?eter%egngggtj“@cgé ag?f e;s%{eh%pf{ro e gn?‘i)lr%g# P%%Pltfegﬁhs
address the foreqgoj.n .0Dbl. least to provide the public with a
useful choi cé’?o\gﬂ?h‘r?g)ru%gg&éﬁ{r}éu%?\ud%éﬁ\?gnt ages of the present invention will
becone apparent from the ensuing description which is given by way of

exanpl e onl y-gﬂ@% 5 e%n‘&Fad\Ja'}{ébEé' NREQréGRP iiflefifhort WilPBecaaPasfarait fidiR

present invention I's provided a nethod of converting a matt surface
of a front sqpeen,@fy &sBiptidn WRCRls FvanBy Yag bf eyangedalgured with two or
nore optically overlappi ng screens, characterised by the step of altering
the matt surface to provide the front screen with an optically snooth
surface. DISCLOSURE OF INVENTION

10 According to one aspect of the present invention there is provided a method of
converting a matt surface of a front screen of a mulii focal-plane display configured
with two or more optically overlapping screens, characterised by the step of altering

the matt surface to provide the front screen with an optically smooth surface.

The, or each screen may be any type of screen used in known display technology such
16 as, for example, a glass or plastic surface used with cathode ray technology and so
forth. Reference'throughout this specification to a screen being an LD (liquid crystal

display) screen is purely exemplary and should not be viewed as limiting in any way.

The term ‘matt surface’ as used herein denotes a surface which diffuses light fo a

greater degree than an optically smooth or glossy surface.

20  The matt surface typically used in display technologies (for example LCD screens)
has an optically rough or imregular surface composed of numerous pits and bumps,
The combined effect of this irregular surface together with differing refractive index
between the surface material and the ambient air causes both reflected and transmitted

light to scatter ot otherwise be diffused.



The, or each screen may be any type of screen used in known display
technol ogy such 15 as, for exanple, a glass or plastic surface %fed wth
cat hode ray technol ogy and so forth. Reference throughout t'fi May 2005
specification to a screen being an LCD (liquid crystal display) screen is
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"matt surface' as use erern denotes a su uses a
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surface typi y use ay technol oglies (for exanple L Screeéns)

has an opticg{ch%sumy@h lmiigiﬁ%eg?érar surface conposed of nunerous pits and
bunps. The conbi ned effect o his irregular surface together with

differing refractive index between the surface material and the amnbi ent
air causes batévrd@kl tecéredenbetiinen) g teepdf difeghf the nmaagdriace oo ppdtide whse be
di ffused. 7 17 May 2005 In sone enbodi nents, the matt surface may be forned
on a pol & i sfontfsckeen Withen gpieelly smabthysurfabe ippdides iapplying an at leayt partiakly ned
froma protective transparent |ayer encapsulating a polarising |ayer.

Accor di ng t otramspanbedatiento thhenat ewfafe. aPreferably, tthe coating dsiappbed tag a
provide the 5 front screen with an optically snooth surface includes

appl yi ng an Hewhkigsubgianceiand B\ybqumﬂwéamhﬂeiéafprmgnmu@a%@ fipd otites gerfagee .
Preferably, the coating is applied as a flowable substance and

subsequent|ly_hardened to formagn opti.cally flat oyter surfacge.,K Preferably,

The” caat i ng’ PETSAOI, fheiOntinh gt armatHer it sebsintile T Sl GRS 96T Ane

as the materi al havli]}r%g.r%gﬁ mat t %urface. 1o Preferably, the coating flows
IS g%

over, aroundf5iAtHA ABUSPER®al irregularities, distortions,

protrusions, or discontinuities of said matt surface to a sufficient

thi cknesg, Preferably, the coating flows over, around and/or inside any optical irregularities,

distortions, protrusions, or discontinuities of said matt surface to a sufficient thickness

to form a substantially optically flat outer surface.

The coating may be applied by a variety of methods including painting, spraying,
sputtering, vapour deposition, slurry coating, chemical deposition, screen printing or

15 roll coating.

In an alternative embodiment of the present invention, the step of altering the matt
surface to provide the front screen with an optically smooth surface includes attaching
an optically smooth transparent film to the matt surface by a transparent adhesive

interposed between the film and the matt surface.

20  Preferably, the adhesive is initially applied to a lower surface of the film, though
alternatively, the adhesive may be applied to the matt surface independently from the
film.

Preferably, the said adhesive and film are of materials having substantially the same

refractive index as the material having the matt surface.



to forma substantially optically flat outer surface. The coating may be
applied by a variety of nethods including painting, sprayin sputtering,
vapour deposition, slurry coating, chem cal deposition, scrﬁkﬂﬂﬁMQQQﬁ ng or
15 roll coating. In an alternative enbodi mrent of the present invention, the
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initially appljgdichOhRKhOWab fSi & mmfﬁan@e?ﬁdangmat bapodurfaebt er nativel y,
the adhesive may be applied to the nmatt surface independently fromthe

film Preferably, the said adhesive and filmare of nmaterials having

subst anti al | yrtsheulgaweappi@ited tHav ehel teetefilmsmedie anpiigyer ak niubeniab shat perforng
surface. 8 17 May 2005 Igreferably, t he adhesive is capable of flow ng over,
around andg or tHerfahd®nanr\es@ibedabovd.r requl arities, distortions, protrusions,
or discontinuities of said matt surface to a sufficient thickness to form
a substantially optically flat outer surface. It should be appreciated that
the term fil mimeares father| cagadimentneft teiraesenh inveptéers, shenstep efhalteringctbe ghaths
descri bed above. In a yet further enbodi nent of the present invention, the.
step of alt er surfaceite pravide the fionhscseanowith aw pptically smpep ¢ Bipdgs Femelng

optically snmooth surface i ncl_ug]es, removin he exi sting the erial .
havi ng the mathe eftingdbe snera flaxingfge SURACR a%‘i(ﬁﬂ’ﬁ ‘?%Fam?lg’\}' iy Pigfprial
optically snooth surface., 10 Prefe %QI y said material having an optically

smoot h sur f ac83Y182 a0 gaiicallySmootly syffa

10  Preferably said material having an optically smooth surface is a polariser film,

preferably formed from a protective transparent layer encapsulating a polarising layer.

According to a further aspect of the present invention, there is provided a display

produced by any one of the above-described methods.

Consequently, it has been found that by performing the step of altering the matt
15 surface to provide the front screen with an optically smooth surface as described in
any of the above-described embodiments, any effect of the scattering or diffusion of
light both transmitied thfough and reflected from the display technology (in this

example LCD screen) is substantially ameliorated.

When a screen which has been converted in accordanceuwith the present invention is
20 used with 3-dimensional technology as described previously, a highly improved .

clarity in the images viewed on the rear screen is achieved.

The application of any of the aforementioned steps for altering the matt surface of the
front screen to an optically smooth surface does not interfere in any way with the

operation of the diffuse bi-refringent film in that there are no visible colour patches



preferably fornmed froma protective transparent |ayer encapsulating a

pol arising |layer. According to a further aspect of the pres&nM igﬁﬁ)tion,
there is provided a display produced by any one of the ab q¥ ~“bed

met hods. Consequently, it has been found that by perform ng the step of
altering the ki molre it e?&ﬁetd&c&hﬁ)‘lé @eitha. front screen with an optically
snoot h surface as descri I n any of the above-described enbodi nents, any
effect of the scattering or diffusion of I|ight both transmtted through
and refl ect edrferpeschhmvenssd alvo hachnehbeof (Otier tativantages dngiiding Gie aeatimangf i s
substantially aneliorated. Wien a screen which has been converted in

accor dance Wigéheithriggeoted oyt with a wide2Ghgles ef viewt, fbu8-vdihoah séquiritlg the
technol ogy as described previously, a highly inproved clarity in the

i mages Vi ewedproductioe of eapersovecmstoimisedshieensed. The application of any. of the
af orenenti oned steps for altering the matt surface of the front screen to
an optically snmooth surface does not interfere in any way with the

oper at i on sof Thisindiehtfios elliws ald fh negessaryrdiffusiomof Hgtimage rJe the aeah%pr%qnstpmee

col our patches 9 17 May 2005 and/or noire interference_ discernible

vi ewer . The pichiszed immgdietelpin BPRIf faesrear SSIRFBINUD LIVRGBF Wﬁ%%%g view

i ncluding the creation of S,Wth i o d clari de a g}e
of view, but Fthsoiver eaernrtrcrfglg ﬁ%hgéon HF‘B FEGOT SQ3) ’é’g\Fe %WSW\%’@S
screens. 5 This invention all g%fi t he necessary di ffusion of the inmage

on the rear sTY¥ ﬁo‘fléh%emwgﬁﬁﬁ?)s mredi ately in front of the rear screen,
thus giving the greatest angle of view for the given anmount of diffusion,

due to the dlw%&%ﬂ being as far away fromthe viewer
as possi bl e. NGS

10 Further aspects of the present invention will become apparent from the following

description which is given by way of example only and with reference to the

accompanying drawings in which:

Figure 1 shows a schematic cross sectional view through a first preferred

embodiment of the present invention;

15 Figure 2 shows a schematic cross sectional view through a second preferred

embodiment of the present invention; and

Figﬁre 3 shows a schematic cross sectional view through a third preferred

embodiment of the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

20 The figures 1-3 illustrate preferred embodiments of the presetit invention
implemented with a dual screen display (1) composed of a plurality of transparent
imaging screens in the form of a front LCD screen (2), pataliel to, but spaced apart °

from a rear display screen (3) provided with a backlight (4).

10



to Further aspects of the present invention wll beconme apparent fromthe
follow ng description which is given by way of exanple only and with
reference to the acconpanying draw ngs in which: Figure 11§hM\%¥2f905
schematic cross sectional view through a first preferred enbodi ment of the

present i nvenji Al BHOHGR @ SRR ACBEITR itfa G R SRIIRRAN WY ®iay

t hrough a second prefer enb ment of the present iInvention; and

3 shows a schepRldifeied ARy BEukiiRAdN Ma&Wot MeOLaD sorbdiis! drptiRtabice dithough
enbodi ment of the present invention.” BEST MODES FOR CARRYI NG OQUT THE

| NVENTI ON 20 fib@refli glaies sinde sérkets(2) ai froi &fths fead dBphgdByRntise sake bhelarity
present invention inplenmented with a dual screen display (1) conposed of a

plurality of fhidospahente, anyagimbersde fRlitforiah (dthleadtopamialy &afisparent)LiGighey een
(2), parallel to, but spaced apart froma rear display screen (3) provided
with a backl i ghtens4R) nbf bE7indtapo2@@S Althmighuhe rére sappar(@nmay alsorte akLLODed
in the art that a nunber of alternative display technologies nmay be
utilised in pbaem, df wilhlbe ugBrent thee aliern@tine; hen-wonsparent displayHechuplpgy anay bhows
a single screen (2) in front of the rear display (3) for the sake of
clarity and ewplegad.ence, any nunber of additional (at |least partially .
transparent) inmaging 5 screens (2) nmay be incorporated. Although the rear
screen (3) naégalso be an

X CD it owil] ent .t hat
al ternative, nB¢R giSpIA¥HBIOY ad‘#@(é{@@g@%@' ’rﬁ‘h\é\nll@w aewag’g%‘r”%g{ﬁ%}’%%é&bs%ﬂ?has
di | i.de , h di i | ity t j
Chenronr . Pho uégBed Jh e apmBas st pdhdie WhehBrREe Mo, REIEUsRI0qBs and

PCT/ Nz98 1%) 09%&%299/00021, incorporated by reference herein.

As previously discussed, a number of practical considerations need to be overcome to
produce a functional display of this type including the reduction or elimination of
moiré interference effects, coloured fringes, arid crossed-polarisers, which are
addressed in a number of ways including the use of diffusers, optical retarders and
15 other optical materials and/or material finishes. However, these are not specifically

germane to the present invention.

Thus, for the sake of clarity and to aid understanding of the present invention, the -
display (1) and associated display screens (2,3) are shown in simplified, schematic
form in the drawings; elements not essential to illustrate the present invention are

20  omifted from the drawings to aid comprehension.

Although the visual colour anomalies and the viewer’s perception of the tracery on the
rear screen are remedied by use of a bi-refringent film with an opticaily diffusive matt
snrface etched onto one side of the film, further difficulties result frqm this

configuration.

25  Due to the intrinsic diffusive nature of the bi-refringent film, a slight blurring of the



to PCT/ Nz99/ 00021, incorporated by reference herein. As previously

di scussed, a nunber of practical considerations need to be Qvercq to
produce a functional display of this type including the r eddc MY
elimnation of noire interference effects, coloured fringes, and

crossed- pol ari}rﬁgé Son MY A ED %g%glegzéggfg&g ftﬁ@”d{%@érm‘i’rfe %Xﬁoﬂ’é_ngtm&@g?% t‘e

use of diffuser optical retar er "optical materials an

material finighes Hﬁm\ﬂ%r thgsRnsdd. NHowRRE firfidk | dirfusieh "B BldAnéhe i
pr esent inverﬁsdi on.S Thus, fgrr lt h%ﬁslake of 0cI arity and touai d under standisng

of the preserﬁetﬂixﬁyﬁafﬂoq&;ctahgrofdhéﬁiﬁge_lielaei@aday_a@méﬂegd di spl ay screens
(2,3) are shown in sinplified, schematic formin the draw ngs; elenents
not essential to illustrate the present invention are 20 omtted fromthe

drawi ngs to ari Wﬁhgh@miﬁh@ﬁear%drbauqﬁ) tiheorippunded dlyotite aneem| preduetivh t he
viewer's perception of the tracery on the rear screen are renedi ed by use
of a bi -r ef ritegatijuesiantpractibessomplpyedcsyt L¢Ddharfudsitwersrat t surface et ched
onto one side of the film further difficulties result fromthis
configuration. 25 Due to the intrinsic diffusive nature of the

bi - r ef r i ngentCéiir¢ntly, shes pragiomindng majorityosf LEP screen7mpayf2ot9oss prasyec Gercemre
rear LCD screen (2) renders the appearance of noire interference patterns
i nvi si bl e or thashaysiaf inath sucfageemesaeror ogk siday intricled & siluse glaresr Hovwetes, this

detrinmental to the clarity, of the inmage percejved by an obsgrver._ The
blurring of tMallsuiRcepplEhiq s Hoa! ARHpARLARNITASS MoRases the JHISAnOf 16 fight 5

t echni d, ti : I d by.L f .. .ent | t

pr edor nant - ngibF PRGN BERSEFER PRSPkl Bt U Sleam et SR tebalten aye

a matt suf of acﬁug?ngogr?d rusb(%tgpad%{gdﬁl% r'eglhﬁaﬂfi ﬁl%pfag (ﬁ?%ﬁ&e.gﬁé %res'épé’\ﬁl\(rgﬁtior{ hi's
addresses this problem by altering the matt surface to provide the front screen with an

optically smooth surface.

The applicant investigated a number of ways to achieve this effect. The applicant
initially tried to even the surface of the screen through polishing, though
15 unfortunately, this was found to be impractical due to the hardness of the materials

from which the screens (2,3) are made.

Figure 1 shows a first embodiment in which the front layer (6) of the front screen (2)
is formed with a matt surface (7), depicted with exaggerated proportions to aid
understanding of the invention. In the embodiment shown, the front layer (6) of the
20 front screen (2) is a comprised of a polariser (8), enc;i)sulated within a protective

laminate (9).

According to one aspect of the present invention there is provided a method of
altering the matt surface (7) of the front screen (2), to an optically smooth surface by

applying an at least partially transparent coating (10) to the matt surface (7).

25

12



matt surface applied to the front and/or rear surface increases the

diffusion of the light being emtted by the rear screen (3 e ed with
the applicant's display technology to blurring and thus de&a?améﬁ&q'ﬁ%’e

resultant display (1) imge. The present invention addresses this problem
by altering the matt surface tqQ provide. the front. screen w ticall
smoot h sur 19 addée @ﬁbcai}iﬁh%é‘?ﬂkeijrﬂ%ég? ia@éicég"% o RGPS @Pwaglflsstup S(‘)t%gcg ﬁﬁgvﬂelgt hi g
effect. The applicant. ipitjally triedt vie rieen
Chr ough pol | Sher, Wil cibbumy sPbuFRebRyRa el SGal GG Boudpviean

i npractical due to the hardnes f..l enial ' esifs
IPraCt] Cal e bl N RS S oS e PN SIS
(6) of thefg?cg%t%?reen(Z) is formed with a matt surface (7), depicted

w t h exagger %p5ftions to aid understandi ng of the invention. In the
enbodi mrent shown, the front layer (6) of the 20 front screen (2) is a

conpri sed of A pol ALliSELeES)7) GRSARSH GitRE! Widdhidtities, istbavhb Vgrotrhgiohs) atre
(9). According to one aspect ‘of the present invention there is provided a

method of - alGiglduiRe W ol QD (7 kpplied! he  floRtblsctaran ¢ Bxvet dhaw
optically snoo surface by applying an at least partially transparent

coating (10) #RchhatieRtd aii@?ﬂl%ﬁi&i@ﬂt.to%nﬂz substentialBogBicTie flappwter sirfacehen
| ooked at the application of various flowabl e substances to the screen.

Wiile all oil(ihased substances tested (for exanple silicon grease) provided
the optical requirenents, they are inpractical in that they can be readily

rubbed off fromthe screen. 5 As the matt surface (Qn cogsi SIEH Olf1 gptdcal
i rregul ariti eShereloss,ahe icorting israpphied pop flowgple substance dnd subsequently barden

10 to form an optically flat outer surface.

The coating (10) may be applied by a variety of methods including painting, spraying,
sputtering, vapour deposition, slurry coating, chemical deposition, screen printing or

roll coating.

The applicant determined that the coating required would preferably have the

15 following qualities.

= To be capable of covering all the surface irregularities of the matt surface (7)

without forming any voids or optical distortions.

=  To posses substantially the same refractive index as the material having the

matt surface.
20 ™ Be readily applied, and thereupon hardening to a resilient finish.
= To provide an optically homogenous finish.
. To be durable and resistant to temperature variations and stress.

!

The applicant has discovered that one material that meets all of these requirements is

13



di scontinuities, the coating (10) is applied in a flowable formto cover
these irregularities to a depth sufficient to forma subst%ntiall
optically flat outer surface (11). Therefore, the coating i sMéﬁﬂq%éd as a
fl owabl e substance and subsequently hardened 1o to forman optically flat

outer surf acg-l%c h&: &g{g;rol—ié}? ﬁé&)@ re gy \?ﬁil@ﬂﬁh% gg%){}%'reﬂn A sﬁhXblg,f %r{éﬁérfr@fbie

. : g
i ncl udi ng pai nti'ng, spuf tering, eposition,

| udi ng pal Nt 2y ng, n,”
coating, cherd gl sofleRRRY teMtandELALH DGR A 60SHAC PAL Blid Ehen

applicant determ ned that the coating required would pre l'y have the
15 follow ng qualities. » To be capable of covering all the surface

irregul ariti eeniRf ihemamtill St particarly WrélnOlt sHoRldTbd tappraciated dBatObther
optical distortions. » To posses substantially the same refractive index as

the material nii@tialOwhith hat@ihe réqtifed pRopeRtiesBay ewibd ysedppl i ed, and thereupon
hardening to a resilient finish. 7~ To provide an optically honbgenous

finish. ~ To be durable and resistant to tenperature variations and stress.
The appl i sanFiguas 2d sisevoy e fathdr eatbodirgenen avtiich thehamting €16) ialrkpladed, hdmth
requirenents is 13 17 May 2005 a | acquer or two-pot epoxy resin. Wiile many
epoxy resinsphyscalyi tmbloperatiomallyx bymneoptically hemootly [trinspadent filne Bdhradname
of DuPont Centuri 690S 2PAC High Build Clear. Wile this material works
parti cul ar | y tsaesparerit adhgsiigl (42 biatespsed beteer therfiim andrbe mapgpepseal s whi ch
have the required properties may also be used. 5 Figure 2. shows a further

embodi ment 1 g, uh o N 5 %k Baoiid th 1550t 858 %% of 8t (11 prior to being
applied (in conjunction with the film 11) to the matt surface (7), though alternatively,
10 the adhesive (12) may be applied to the matt surface (7) independently from the film

(11).

This second embodiment is still required to fulfil the above-listed criteria given for the
first embodiment. Consequently, the adhesive (12) and film (11) are formed from
materials having substantially the same refractive index as the material (9) having the

15  matt surface (7).

Preferably, the adhesive is capable of flowing over, around and/or inside any optical
irregularities, distortions, protrusions, or discontinuities of said matt surface to a

sufficient thickness to form a substantially optically flat outer surface.

In a yet further embodiment (shown iﬁ figure 3.) the stephbf altering the matt surface
20  to provide the front screen (2) with an optically smooth surface includes removing the
existing material having the matt surface and replacing same with a material having
an optically smooth surface. The matt surface (7) of a polariser (8) and protective
Iaminate (9) of éxiéting LCD screen (as shown in figures 1 and 2) of the type
predominantly produced by large volume LCD screen manufacturers is replaced by an

25  LCD screen (2) having an optically smooth (i.e., non-natt) outer surface.

14




physically and operationally by an optically smooth transparent film (11)
and a transparent adhesive (12) interposed between the filmand the matt
surface. The adhesive (12) nmay be applied to a | ower sur f add May@e93: i | m
(11) prior to being applied (in conjunction with the film1l) to the matt
surface (7), though alternatively, 10 the adhgsive (12) nay. be, | i to
The matt\ sur flads QTodHARBRTEE Fpufe b Racely opthdter it aos isBaes by
enbodinent is still required to fulfil the above-ljstgd.criteri j V. for
the first edppsitsae! §E§ﬁﬂ%%?qa§l}1gt(%)e°§%ﬁ@€?§?é (%)12 “%%P"F?%}"r%g (‘%?’) &{;} e
formed from mategial s . havi ubstantial ly t ;‘g&g f E Ve S
the materi al W@ermead)yt FFéaqgie ﬁ%ficfahgﬁcffg e 0?‘%‘. rié‘a{l}gregg%sl,l%t ﬁ%ﬂgﬁﬁ%sgi ve
i s capable of_,fl ow ng ove . i nsid I Gad ired

T egat ar 1 dRereipi, BPEFE et Rh SRR ARt P o e BNecRPlERon ave reagied,
surface tq a  suffigl ' bs$ R balilaleomiah G Fystidrat
out er sur%acé?sblerpeﬁyg?&Ph%‘ﬁggﬁzg%%ﬁﬁ’ftn@%?&?g@gvm In fi éure 3.) the step of
altering the A0chiBePhshede the front screen (2) with .an
optically snﬁg?i&dséuw%@g?tﬂc%&dleg removi ng the existing material having the
matt surface and replacing sane with a material having an optically snooth
surface. The wreftdn1s e kaGPmhbi the Preseniabaitionerotidys aninprooed display tedhariagat e
(9) of existing LCD screen (as shown in figures 1 and 2) of the type

pr edom nant | yaparadempsksbya hittigd of @bumertibCExistingeerneens, thé aonveried scrieen itegdf.aced
by an 25 LCD screen (2) having an optically smooth (i.e., non-matt) outer
surface. 14 lapdiker2é€dmolagy idcheimbomporatastithe banwartethsargeiure 3, the optical ly
snooth outer surface is forned by the surface of the protective coating
(9) of a polariser (8 Such operations_nmay_ on be

: , y onl
rel ativel 10 spaspestsi ofctie BreserioR¥eEntion hayve pyeredgsen

should be appreciated that modifications and additions may be made thereto without

#BhsLArEEPe oy and it

departing from the scope of the present invention.

15



Therefore, unless further operations (unrelated to the present invention)
are required 5 to be perfornmed on the LCD screen, this tecggggue IS | ess
desirable than the first or second enbodi ments descri bed 8 Sshoul d
be seen that the present invention provides an inproved display technol ogy
and enconpasses a nethod of converting existing screens, the converted
screen itself, and other technol ogy which incorporates the converted

screen. to A{pg of the present invention have been described by way of
exanpl e only ?’n’gi—lli[lg shoul d be appreciated that nodifications and additions

may be- made thereto without departing fromthe scope of the present

invention. 13, 17 AVayethROGT dobhPérlily aAndte biipite U SCOOM SEickh 91 3 ’tfoéelf-rp‘ia?n%e of

a front screén of a nulti focal-plane display configured wth two or nore
optical ly overl aglpphy soofigmed wittar 86 eof SgidrdYopthallFt SPerBippiigt Sckdags,t he
matt surface to provide the front screen wth a non-diffusée optically
snoot h surface. Zharfiterisedittydlie atep off altening the ntdtbsurfate tofreviderthafrohtesdenone
said screen is an LCD screen. 3., The nmethod as claimed in claim1l, wherein
the matt surface Wit & epndiffusgopficallpsmpethsnrfass m 4. The net hod as cl ai ned
in claim3, wherein the polarising filmis formed froma protective

transparent l,aye syl atiing .a pol.arising layer. 5. The nethod as
clained in clai mﬁ_f,g%vﬁ?g e?sncl?’ﬂgds’f]ecgmﬁ"f La‘f’]i'%?lf’r%?‘faﬁfewaf‘f%‘ﬁﬁna’één P
provi de the. fronggegreen wth a non-diffuse optically snooth surface

i ncludes applying an at |least partially transparent coating to the matt

surface. ‘
3.  The method as claimed in claim 1, wherein the matt surface is formed on a

polariser film.

4. The method as claimed in claim 3, wherein the polarising film is formed from a

- protective transparent layer encapsulating a polarising layer.

5.  The method as claimed in claim 1, wherein the step of altering the matt surface
to provide the front screen with a non-diffuse optically smooth surface includes
applying an at least ﬁartially transparent coating to the matt surface.

6.  The method as claimed in claim 5, wherein the coating is applied as a flowable
- substance and subsequently hardened to form a non-diffuse optically flat outer
surface.

7.  The method as claimed in claim 5, wherein the w;ﬁng is of a material with

substantially the same refractive index as the material having the matt surface.

8.  The method as claimed in claim 5, wherein the coating flows over, around
and/or inside any optical irregularities, distortions, protrusions, or
discontinuities of said matt surface to a sufficient thickness to form a
substantially optically flat non-diffuse outer surface.

16



6. The nethod as clainmed in claim5, wherein the coating is applied as a

fl owabl e substance and subsequently hardened to forma noq-qgff se
optically flat outer surface. 7. The nmethod as clained in d1 Ma OSwher ei n
the coating is of a material wth substantially the sanme refractive index
as the material having the matt surface. 8 The nethod as clainmed in claim
5, wherein tHe cGimeghdd avslaimeerin chilr 50 rheRiitihe ot 1§l @priied b9 tediRique
irregularities, distortions, protrusions, or discontinuities of said natt
surface to a suf fseleptedt fromi dhoregoun dnélodimgapaistityst spraying,| ypuiferingalviayodrl at
non-di ffuse outer, surface 16 17 May 2005 9. The method as clained in claim
5, wherein the cA4PISEPT, sy opting. shemiceldenpsition scroen prnting drrolircedtinggr oup

i ncludi ng painting, spraying, sputtering, vapour deposition, slurry

coating, cheniscal Lti0on,. scr.een.printin r roll.goating. 10. The -

net hod as cl ;qoireghlg%?égﬁ%ﬂi Q?Wﬁ%e‘?‘é’?ﬁ%@?feg‘b%ﬁ“%? ?"Hﬂgtﬂgﬁe‘“ﬁ‘ét‘s aGr f ace

to provide the fp ] ' f L n es

attaching a non-t‘?j)?#ofu‘&geretﬁggo }q%%c{??%r\gl%%% %ﬂ%gﬁgﬁgﬁ '|£ﬁ %qgﬁlge%%gﬁﬁﬁﬁ

surface by a traos@eff@Rt oBERAIy YRob! HaRRAG PELEEN i Sndd bke/hs mat t
Y

surface. 11. The nethod as clainmed in claim 10, wherein the adhesi S
initially appli edrahspagent hdivesivedntefpasal nfwdnahé filiiand the nlftesufakfod as
clained in claim10, wherein the adhesive maybe applied to the mtt
surface independently fromthe film 13. The nethod as clainmed in claim 10,
wherei n the daj d Thamisthadasglajmed imrlaine 10, whereindine adhssiveisi inigially bppliedtto al | y

the sanme refract Ealv?eris‘r} aé(eoaﬁhégﬁnmteri al having the matt surface.

12. - The method as claimed in claim 10, wherein the adhesive may be applied to the
matt surface independently from the film.

13. The method as claimed in claim 10, wherein the said adhesive and film are of
materials having substantially the same refractive index as the material having

the matt surface.

14.  The method as claimed in claim 10, wherein the adhesive is capable of flowing
- over, around and/or inside any optical irregularities, distortions, protrusions, or
discontinuities of said matt surface to a sufficient thickness to form a

substantially optically flat non-diffuse outer éurface.

15. The method as claimed in claim 1, wherein the step 6f altering the matt surface
to provide the front screen with an optically smooth surface includes removing
the existing the material having the matt surface and replacing same with a
material having a non-diffuse optically smooth surface.

16. A display produced by the method as claimed in any one of the above claims.
17. A multi focal-plane display configured with a front screen and two or more

17



14. The method as clained in claim 10, wherein the adhesive is capable of
flowing over, around and/or inside any optical irregularities,
distortions, protrusions, or discontinuities of said mat t UMBXZ0080 a
sufficient thickness to forma substantially optically flat non-diffuse
outer surface. 15. The nmethod as clainmed in claim11, wherein the step of
altering the matt ﬁgﬁ&gce to provide the. front screen with an optically

smoot h surface i PPHERIESOYE E@‘mﬂlﬁe saig; front ssraep davingsr pen-diffise ogtically nat ¢
surface and repl a¢j ] mat erial having a non-diffuse optically
snoot h surf ace. %@OB% gltsgipé?%n%g%g%‘aa%éf@%t hod as clained in any one
of the above clains. 17. A nulti focal-plane display configured with a

front scr een 1810 & e torifane Gty VoHnBRAP i & Gt KoBUPLhARRL Y AGICNS

said front screen having a non-ditfuse optica snoot h surface converted
froma matt surf apticallyBoveflappihf iscieonsisaidl Boe sdiceR hAYing QNhbSUTRRe WplibulB
front screen and two or nore optically overl apping screens, said front
screen having a smeoth sukiasecapertohiibym a mat atifaceihyfance lasrpretidlBordnspaem nat t
surface by an at least partially transparent coating applied to the front
surface. 19. The c@ftingappligdtothafrentsurface| ai m 18, wherein the coating is
applied as a flowable substance and subsequently hardened to forma .

-diff tically flat outer. surface. 20. The display as clajmed i
claim 18, whdPei A LIRS P inyflaim 1 Whirgn G S0stnges anglind o a Aowableye
I nd th t el ' t 2 T ' . | ai med
nclaim 18, whes oy mureh ha Sy Hardbded B fo 4 nad Winfe ML Ay rafne. any
or

optical irregul aghdfaces, distortions, protrusions,

20. The display as claimed in claim 18, wherein the coating is of a material with the

same refractive index as the material having the matt surface.

21. The display as claimed in claim 18, wherein the coating is located over, around
and/or inside any optical irregularities, distortions, protrusions, or
discontinuities of said matt surface to a sufficient thickness to form a

substantially optically flat non-diffuse outer surface.

22. The display as claimed in claim 18, wherein the coating is applied by a
-technique selected from the group including painting, spraying, sputtering,
- vapour deposition, slurry coating, chemical deposition, screen printing or roll

coating,

23. A multi focal-plane display configured with a front screen and two or more
optically overlapping screens, said front screen having a non-diffuse optically
smooth surface converted from a matt surface by a non-diffuse optically smooth
transparent film attached to front surface by a transparent adhesive interposed
between the film and the matt surface.

18



di scontinuities of said matt surface to a sufficient thickness to forma
substantially optically flat non-diffuse outer surface. 22. The display as
claimed in claim18, wherein the coating is applied by a tldcMayo5 X
selected fromthe group including painting, spraying, sputtering, vapour
deposition, slurry coating, chem cal deposition, screen printing or roll

coating. 23. % MiHd difgleahs Baan&l & e‘mhﬁm,%fe}éiﬂgﬁfgdﬁ%m i@gﬁ rlll%ﬁtto 39bwgn and

two or nore optically overlapping screens, sal ront scr aving a
non-di ffuse opti catthye ofthofilh, surface converted froma matt surface by a
non-di ffuse optically snooth transparent filmattached to front surface by
a transparent_ adhesive interposed between the filmand the matt surface.
18 17 Nay 200 24fherigplaji aptlaimedsingdaiinn@dg wherein tieradhasiverseapplied tohthe adittesi ve
is applied to a lower surface of the film 25. The display as clained in
cl ai m 23, wherei H@‘&éﬁ’f@gﬁ‘?}@ﬂ@mﬁﬂ}ﬂﬁ]@ﬁ to the matt surface

I ndependently fromthe film 26. The display as clainmed in claim23,

wherein the i d ' .fiJmare mat.erj al s.havi ng t he_sane
refractive index Iglgrkﬁ#elyfraaf@gﬁrﬁ?é Wa@?%%’h‘@h"f’fﬁff‘t © §‘E}fifa§g%§.“%ﬁlﬁ ﬁﬁba‘ifi Aol ay
as claimed in cl ghRrfats MBESHE &AL Ve d.S | ogat round and/ o
I nsi de any optical i1rregul agi tlges, d’%g‘?g‘?‘h gxﬁigﬁ aps)r ogrrggﬁe%?]lsﬁa%?g e malt
discontinuities ifagl d matt surface to a sufficient thickness to forma
substantially optically flat non-diffuse outer surface. 28. A nulti
focal - pl ane di splay configured with a front screen and two or nore
27.  The display as claimed in claim 23, wherein the adhesive is located around
and/or inside any optical irregularities, distortions, protrusions, or
discontinuities of said matt surface to a sufficient thickness to form a

substantially optically flat non-diffuse outer surface.

28. A multi focal-plane display configured with a front screen and two or more
optically overlapping screens, said front screen having a non-diffuse optically
smooth surface converted from a matt surface by the removal of the existing the
material having the matt surface and replacing same with a material having a
non-diffuse optically smooth surface.

29. The display as claimed in claim 18, 23 or 28, wherein at least one said screen is

an LCD screen.

30. The display as claimed in claim 29, wherein the matt surface is formed on a

polariser film.

31. The display as claimed in claim 30, wherein the polarising film is formed from 2

protective transparent layer encapsulating a polarising layer.

32. A method substantially as hereinbefore described, with reference to, and as

shown in any one of the drawings.
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optically overl apping screens, said front screen having a non-diffuse
optically snooth surface converted froma matt surface by égﬁ r%gﬁval of
the existing the material having the matt surface and repﬂ AY Re with
a material having a non-diffuse optically smooth surface. 29. The display
as claimed in claim18, 23 or 28, wherein at |east one said screen is an

LCD screen. 3 Thealigy : 'rﬁgk{ aj rein the matt
surface is forned onqg%p%§¥§??§g*q$i n1h§H§&ﬁ%e ﬁ%bﬁgglﬁégfﬁﬁiﬁé&mﬂﬁ“b|aim
30, wherein the phbwniishigodd dfithé gralviigyed froma protective transparent

| ayer encapsulating a polarising |ayer. 32. A nethod substantially as .
her ei nbef ore described, with reference to, and as shown in any one of the
drawi ngs. 19 17 May 2005 33. A display substantially as herei nbefore
described, with reference to, and as shown in any one of the draw ngs 20
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