1 OPTI CAL RETARDER TECHNI CAL FI ELD The present invention applies generally
to the field of optical retarders and in particular to those suitable for
use with nmulti-layered view ng screens. 5 BACKGROUND ART The benefits of
multi-layered view ng screens, in particular those utilising the

technol ogy described in the co-pending Patent Application Nos. NZ314566,
Nz328074, Nz329130, PCT/ Nz98/ 00098 and PCTI NZ99/ 00021 are gai ni ng
increasingly w despread recognition and acceptance due to their enhanced
capabilities 10 conpared to conventional single focal plane displays. The
manner in which human bei ngs process visual information has been the

subj ect of OPTIEASRMETARDEAER ol onged research in an attenpt to understand
this conplex process. The termpreattentive processing has been coined to
denote the act of the subconscious mnd in analysing and processing visual
i nf or mat i onTebasicAiaBIEDDt beconme the focus 15 of the viewer's conscious
awar eness. \Wen view ng a | arge nunber of visual elenents, certain
variations or properties in the visual characteristics of elenments can

| ead to rapihbe pesattinentiby appleatgenerally oo thp fiebbefsopigal rEtarders and ingparicwant | y
faster than requiring a user to individually scan each elenent,

scruti ni si ntp these suifeblgfesesecethomultihlaysredyigpyiogseneess. Exact |y what
properties 20 |l end thensel ves to preattentive processing has in itself been
t he subject_of substantial research. Colour, shape, three-dinensional

vi sual ol ueBAC , moverment and depth have all been investigated
to discern the germane visual features that trigger effective preattentive
pr ocessi ng.

Tgc benefits of multi-layered viewing screens, in particular those utilising the
technology déscribcd in the co-pending Patent Application Nos. NZ314566,
NZ328074, NZ329130, PCT/NZ98/00098 and PCT/NZ99/00021 are gaining
increasingly widespread recognition and acceptance due to their enhanced capabilities

10  compared to conventional single focal plane displays.

The manner in which human beings process visual information has been the subject of
extensive and prolonged research in an attempt to understand this complex process.
The term preattentive processing has been coined to denote the act of the subconscious
mind in analysing and processing visual information which has not become the focus

15 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
processing. This is significantly faster than requiring a user to individually scan each
element, scrutinising for the presence of the said properties. Exactly what properties
20  lend themselves to preattentive processing has in itself been the subject of substantial
research. Colour, shape, three-dimensional visual clues, orientation, movement and
depth have all been investigated to discern the germane visual features that trigger

effective preattentive processing.



Researchers such as Triesman [ 1985] conducted experinments using target and
boundary detection in an attenpt to classify preattentive features.
Preattentive target detection was tested by determ ni ng whet her a target
el ement was present or absent wthin a field of background distractor

el enents. Boundary detection involves 5 attenpting to detect the boundary
formed by a group of target elenments with a unique visual feature set
within distractors. It maybe readily visualised for exanple that a red
circle would be i mredi ately discerni ble set anongst a nunber of bl ue
circles. Equally, a circle would be readily detectable if set anpbngst a
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boundary detection searches as preattentive. A™w despread threshold tine
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relatively sinple visual scene,. Enns and . . .
y irrespective o? 'ijhe number of distractors, the search is said to be preattentive. Similar

search time limitations are used to classify boundary detection searches as preattentive.

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
15  insufficient for a human to consciously decide to look at a different portion of the
scene. Search tasks such as those stated above maybe accomplished in less than 200
msec, thus suggesting that the information in the display is being processed in parallel

unattendedly or pre-attentively.

However, if the target is composed of a conjunction of unique features, i.e. a conjoin
20  search, then research shows that these may not be detected preattentively. Using the
above examples, if a target is comprised for example, of a red circle set within
distractors including blue circles and red squares, it is not possible to detect the red
circle preattentively as all the distractors include one of the two unique features of the

target.

25  Whilst the above example is based on a relatively simple visual scene, Enns and

Rensink [1990] identified that targets given the appearance of being three dimensional



Rensink [1990] identified that targets given the appearance of being three
di mensi onal 3 objects can also be detected preattentively. Thus, for
exanple a target represented by a perspective view of a cube shaded to

indicate illumnation fromabove would be preattentively detectable
anongst a plurality of distractor cubes ,Jshaded toinply illumnation from
a different direction. This illustrates an inportant principle in that 5 ,

the relatively conplex, high-level concept of perceived three

di rensionality may be processed preattentively by the sub-conscious n nd.
In conparison, if the constituent elenents of the above described cubes
are re-orientated to rempve the apparent thre di nensionalit
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showed a constant " respons me irrespective of the increase in distractor

numbers. Thas@eyREtheBEve désbddodubeyvast Ryorfeanited fb feafie thbappiyntithite
distractors were placed on a front plane whilst red distractors were

| ocat ed on dinfefgibnalltqsbjstts ¢dhaot preaddntizelyvdeseceitdrpers which havet beenfinwartedpl ane
or blue on the rear plane for stereo colour (SC) conjoin tests, whil st
stereo and fopekample SMdditiomidl experithérgatibndbys Brawet ot 8l [d892 heonfiirmrthatpit anthe
nmovi ng up or on the back plane noving down with a target on either the
front pllanethraepwdimgnsional @rieotativhe charaitepistimewhishi iy preattentively detected.
Nakaymyama and Silverman [1986] showed that 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
15 of the user. To test the effects of depth, subjects were tasked with detecting targets of

different binocular disparity relative to the distractors. Results showed a constant

response time irrespective of the increase in distractor numbers.

These experiments were followed by conjoin tasks whereby blue distractors were
placed on a front plane whilst red distractors were located on a rear plane and the target
20  was either red on the front plane or blue on the rear plane for stereo colour (SC)
conjoin tests, whilst stereo and motion (SM) trials utilised distractors on the front plane
moving up or on the back plane moving down with a target on either the front plane

moving down or on the back plane moving up.

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 feature unique to all the distractors. However, it



Results showed the response tinme for SC and SMtrials were constant and
bel ow the 25 250 nsec threshold regardl ess of the nunber of distractors.
The trials involved conjoin as the target did not possess a feature unique
to all the distractors. However, it 4 appeared the observers were able to
search each plane preattentively in turndwi thout interference from
distractors in another plane. This research was further reinforced by
Melton and Scharff [1998] in a series of experinments in which a search
task consisting of locating an intermnedi ate-sized target 5 anongst | arge
and smal| distractors tested the serial nature of the search whereby the

target was gpasdetlc idbsérversSadte ableAfoesearcht dieh Plader meat@dnsivalydint dagn without
preattentive nature of the search whereby the target was placed in a

separ at e defifidrfdrboedrdm dishactdisSinranother planelhe rel ative influence of the
total nunber of distractors present (regardless of their depth) verses the
nunber of distractors present solely in the depth plane of the target 10
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the target pxpesisrents iorwhighaesersh task eansisting gElocating ae éntermeiaie-sized targelct i on
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of di st riact anengshilarge andhsmal digtracisretesied the perial ngtuge of gie sereahl wiersby theuch
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10  was also investigated. The results showed a number of interesting features including

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

15 instances where distractors 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 enhanced 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
given rows made from a transparent conductive material. This is usually indium 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



grid to supply the charge to a particular pixel on the display. Creating
the grid starts wth two glass |ayers called substrates. One substrate is
given celums and the other is given rows made from a transparent
conductive material. This is usually indiumtin 25 oxide. The rows or
colums are connected to integrated circuits that control when a charge is
sent down a particular colum or row The liquid crystal material is 5
sandwi. ched between the two gl ass substrates, and a polarizing filmis added
to the outer side of each substrate. A pixel is defined as the snall est
resol vabl e area, of an i mage, either on a screen or stored in nenory. Each
pi xel in a moA¥EYiEhsebstwegR theswo talass sHbyiratesn apd dspolarizing (il fsonddedaokhé o

t he maxi num val ue, (e..g. 255 for an eight-bit pixel) for white. In a col our
i mage, each ﬁp?éﬁldgggg?q]@“gﬁﬁﬁﬂtﬁ-ri ghtness and col our, usually represented as

atriple of red, green and blue intensities. To turn on a pixel, the
ct columm of one substrate
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a particular pixel, the proper rowis swtched on, and
10 voltage to untwist the liquid crystals at that pixel.

The passive matrix system has significant drawbacks, notably slow response time and

imprecise voltage control. Response time refers to the Liquid Crystal Displays ability

to refresh the image displayed. Imprecise voltage control hinders the passive matrix's

ability to influence only one pixel at a time. When voltage ig applied to untwist one

15 pixel, the pixels around it also partially untwist, which makes images appear fuzzy and

lacking in contrast.

Active-matrix Liquid Crystal Displays depend on thin film transistors (TFT). Thin film
transistors are tiny switching transistors and capacitors. They are arranged in a matrix
on a glass substrate. To address a particular pixel, the proper row is switched on, and

20  then a charge is sent down the correct column. Since all of the other rows that the
column intersects are turned off, only the capacitor at the designated pixel receives a
charge. The capacitor is able to hold the charge until the next refregh 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.



20 then a charge is sent down the correct colum. Since all of the other
rows that the colum intersects are turned off, only the capacitor at the
desi gnat ed pi xel receives a charge. The capacitor is able to hold the
charge until the next refresh cycle. Andgif the anount of voltage supplied
to the crystal is carefully controlled, it can be made to untw st only
enough to allow sone light through. By doing this in very exact, very 25
small increments, Liquid Crystal Displays can create a grey scale. Mst

di spl ays today offer 256 |levels of brightness per pixel. 6 ALiquid
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stabil i zZed (256rshedsscif redx 256 shalies of/ gieed x 236 eladeanf blme).i t usi ng anbi ent
light in which case they are terned as reflective, backlit and terned Tran
m ssive, or a 10 conbination of backlit and reflective and call ed
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technologies such as Organic Light Emitting Diodes, and technologies which project
an image directly onto the back of the retina which are addressed in the same manner

as Liquid Crystal Displays. These devices are described hereafter as LCD panels.

In the case of a display comprising two or more overlapping parallel LCD panels, an
15 inherent characteristic of using conventionally constructed LCD screens is that the
polarisation 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 axes,
slow and fast, which resolves the incident beam into two orthogonally polarised
components parallel to the slow and fast axes without appreciable alteration of the of

25  the intensity or degree of polarisation. The component parallel to the slow axis is

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



Known techni ques to overcone this drawback have to date involved the use of
retarder filnms |located between the two liquid crystal displays. 20 Opti cal
retarders, also known as retardation plates, wave pl ates and phase
shifters, may be considered as polarisation formconverters with close to
a 100% efficiency. A retarder may be sihply defined as a transm sive

mat eri al having two principle axes, slow and fast, which resolves the

i ncident beaminto two orthogonally polarised conponents parallel to the
sl ow and fast axes wi thout appreciable alteration of the of 25 the

intensity or degree of polarisation, The conponent parallel to the s|low
axis s rofomBRnY 6 PER sesonsiysiech o g@ﬁhﬁmﬁ@%ﬁmg%baﬁmewtb& sre&fiast
axis. The t 7 conmponents are then reconstructed to forma single rgent
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retardance/ petardation denotin he extent tqo which the sl conponent is
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a) |inear d{eﬁﬁ apement - the difference in the optical path |ength between

t he wave fron%s of the two conponents, expressed in nanoneters (nn); b)
fractional wavel ength - the optical path length difference expressed as a
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values by a particula ase angl e val ue or ngt 27t, e.

280nn1 560nm =" h frdfks WAWR: i@ dnslinentd ik phessd iaSRAnSMBe mnf)he phase
di fference between the wave fronts of the two conponent beans, expressed

in degrees eg 90, 180 or radians, 1/271, it. It can be thus seen that:
8=FI A. 27t 15 whefractfonal tWisclRfgthe-amegl éptical path length difference expressed as a

fraction of a given wavelength, obtained by dividing linear displacement values
by a particular phase angle value or wavelength by 2w, e.g 280nm/560nm = 12

10 wave retarder; and

¢) phase angle — the phase difference between the wave fronts of the two

component beams, expressed in degrees eg 90°, 180 ° or radians, 1/2%, 7.
It can be thus seen that:
d=T/A2n
15 where & =the phase angle
I" = the linear digplacement
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 27 and is said to be of the first order.
If the resultant phase angle is between 27 and 47 then the retarder is said to be of the
second order, if between 47t and 67 it is a third order retarder and so forth. The mean

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



r = the linear displacenent X = the wavelength 17/A = is the fractional
wavel ength. If the thickness of the retarder produces a |linear displacenent
| ess than the wavel ength, 20 the retarder produces a phase angle of |ess
than 27t and is said to be of the first grder. If the resultant phase angle
IS between 27t and 4n then the retarder Is said to be of the second order,
I f between 47t and 6n it is a third order retarder and so forth. The nean
wavel ength of the visible spectrum (560nn) is used as the reference

wavel ength for 8 optical retarders. Correspondingly, a retarder may be

enpl oyed as ﬁ%Pflarisation formconverter to rotate the output polarised
light from PP BRI Sst |1iquid crystal display of a multi-screened LCD
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retarders, the different wavel éngths of thé spectrum constituents of white

l'ight are rgkadeedvitioa Ryw iktEnsiawost, thoagh tbysst Aefgieaito piduc®d withdédficiemnt
phase angl es such that pronounced coloured interference fringes result.
There are fchrbmatic anifpimicatd avisd whe Sppcheno@ofitalottede rahboudike ittérferémeal
pl ane LCD 15 displays. The fine regular structures forned by the col oured
filters andpditcackwheneilewedtbetweenrcrodsed pblagseren {Thisaigatus (of lcastah plaity to the
crystal display produce a specific pattern

thickness to which such sheets of polycarbonate are available, which resuit in second

10 or higher order retarders.

In second, third or higher order retarders, the different wavelengths of the spectrum
constituents of white light are retarded to by the same linear displacement, but by

different phase angles such that pronounced coloured interference fringes result.

There are further complications with the manufacture of such multi-focal plane LCD
15  displays. The fine regular structures formed by the coloured filters and black pixel
matrix 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. moiré

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 structure 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 a polyester or polyester retarder.



in.the light transmtted which, 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 mage seen by the viewer. 20 In order togelimnate these interference
effects, a diffuser is inserted between the two Iliquid crystal displays.

This nmay take the formof an individual |ayer/sheet or alternatively be
forned by the application of a particular pattern or structure to the
surface of the retarder. Chemcal etching is a relatively cheap neans of
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capability but these are also costly and have chromatic uniformty

probl ens. | Furtler alltemapioss invhalet speaifiwalipleaginbered rrotardelr i fduisdwith yst diffudivepl ay

panel with the polarising 10 plane of the rearward surface aligned with

t hat of t hecdpabitity butrtheseeroilse basthyend-haws chibingtic uniferpstyaprobienyst ay .

Unfortunately, this involves a | arge non-refundabl e engineering cost as it

cannot be accommpdated in the manufacture of conventional LCD units and

thus requi rkds plseaossitileto assembla Genfrant figuid afyssalisnlaxpanel withtbe pplsising| e t o

rotate the polarisers on the forward djsplay panel w thout changi ng the
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deteriorat el'iqulzg\é:vrey\g?ali ’distppa%r etjl%yt{lgatgl%, trfa?s involves a large non-refundable engineering
cost as it cannot be accommodated in the manufacture of conventional LCD units and
thus requires production as custom units. In practice it is not possible to rotate the
polarisers on the forward display panel without changing the rubbing axis on the glass

15  as the contrast ratio of the image would deteriorate. However, there would be no
physical indication of the rubbed orientation of an LCD mother glass (as the process
literally involves rubbing the polyimide layer on the glass with a rotating velvet cloth)
without labelling and this would cause significant disruption to the manufacturing

process.

20 By contrast, use of a retarder enables the requisite polarization orientation change to be
discerned by examining the polarization/glass finish to aclimate the retarder adhesive.
This is clearly visible by the unaided eye and is one of the last production stages, thus

reducing potential risk.

It is also possible to utilise a third party (i.e., not the original 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



physi cal indication of the rubbed orientation of an LCD nother glass (as
the process literally involves rubbing the polyimde |layer on the gl ass
with a rotating velvet cloth) wthout labelling and this would cause
sifgnificant disruption to the manufacturing process. 20 By contrast, use
of a retarder enables the requisite pol &ization orientation change to be
di scerned by exam ning the polarization/glass finish to aclimate the
retarder adhesive. This is clearly visible by the unaided eye and is one
of the last production stages, thus reducing potential risk. It is also
possible to utilise a third party (i.e., not the original manufacturer) to
reali gn 25partieprocedreetincludipglany os plhgf Serfeldeinghough this is al so expensive
and runs the risk of danmaging the display panels. Damage can occur during
nunerous steps in such a third 10 party procedure, .including any or all of
the fol | owi hg; TmeaRstedd R maneldrom its sprreyng pogsills damage to TAFdEyes @
damage to TAB drivers or the glass; 2. renoving the polarizer: - heating
of the pol ari se€i&3fequired to reduce its adhesion and can damage the

gl ass, damage individual pixels fromexcessive pressure, and the liquid
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optical elenen gmgé{lg@}aﬁgé]?{]w@g@n&[}gsrgwg%]tgyerhéaqéég“s E)In e. e panel s)

may change the opticd engt’h I NClI the second (or
successi ve) screen having passed through the first display. This alteration

3.  misalignment of the new polariser;

4.  replacing the panel in the original packaging — again causing possible damage to

tab boards or the glass; and
10 5.  electrical static damage at any point of the procedure.

Furthermore, 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 inélude:
Air;
nitrogen, or any other inert gas;
a selective diffusion layer;
20 . Polymer Dispersed Liquid Crystal;

Ferroelectric Liquid Crystal;



in path length | eads to chromatic aberrations that require correction to
ensure a clear 15 display inage. Interstitial elenents which may introduce

such optical path Iength changes include: - Air; - nitrogen, or any other
inert gas; - a selective diffusion layer; 20 - Polyner Dispersed Liquid
Crystal; - Ferroelectric Liquid Crystal; 11 Liquid Crystal between random

honogeneous al i gnnent |ayers; Acrylic, Polycarbonate, Polyester; 4 ass;
Antireflective coating; 5 - Optical cenent; Diffusive film Hol ographic
diffusion film and any other filter for renmoving noire interference Thus,

h [ h I
bet veen 10 suckoull GuRRERrbAcEPEkef Ridietok AERRhleSS B 21 i ons. such

as coloured interference fringes present with the use of existing retarder

such as pol ycar i ncl udi ng any patents or patent
applications cﬁ? EePOltG# 651%&@25[‘% catlon are hereby incorporated by

reference. No adm ssion is nade that any reference constitutes prior art.
The di scussjion @fgsg;he references states what their authors assert, 15 and
the applicants reserve the ri ght to challenge the accuracy and pertl nency
of the cited docunents. It will be clearly understood that, although a
nunber of pri orAatifeflective coating;

5 - Optical cement;
Diffusive film;
Holographic diffusion film; and
any other filter for removing moiré interference

Thus, there is the combined 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 admission 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 challenge 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 ‘comprise’ 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 - i.e. that it will be taken to mean an inclusion of not only the listed



publications are referred to herein, this reference does not constitute an
adm ssion that any of these docunents form part of the common genera

know edge in the art, in New Zealand or in any other country. 20 It is
acknow edged that the term conprise' npy, under varying jurisdictions, be
attributed with either an exclusive or an inclusive nmeaning. For the
purpose of this specification, and unl ess otherw se noted, the term
“conprise' shall have an inclusive neaning - i.e. that it will be taken to
mean an inclusion of not only the listed 12 conponents it directly

references, ciflondh it Oy WA, " bR as3MBARE Mch-ecifftld® EBbAnentd! 6t

rational e wi al’'so pbe use erm conprised” or ‘conpfising is

used in rel ‘ﬂéﬂa&ﬂs.t PhRNEt MHald B{IPaIS BORsdd WienTRE RPfh @EmBFHAEE 9% ‘cohipristhgtid

. S
obj ect of the present 1nvention to address the foregoing problens or at

least to Hy4 H%fe@ﬁiohh@oﬂb‘@fhﬁré"ét&ﬂiﬂ_albtlﬁ@cfl&lloﬁﬁx‘éb&@: Further aspects and

advant ages o e present invention w becone apparent fromthe ensuing

description which is given by way of exanple only. DI SCLOSURE OF | NVENTI ON
Accor di ng tRiOfEolERaTthe bresbitt ifvasiontto addresy the TodeBeing preblpme \vir detkast to
mul ti-focal plane 10 display including at |least two at |east partially
over | appi ngprovigp kaypublicwites utedivlichgica. first order optical retarder and a
di ffuser i'nterposed between at |east two said display surfaces. A first
order optical retarder produces a phase angle displacement or retardation
of |ess tHanther aspgutalant advardsgesiof theepresent dovnntiomwill bergme anparant foppihe, i t
has been found that a 15 first order retarder does not produce discernible
col our ed i renevingdesesiptipn whirdsis\givan byusagof exaswleionlyspl ays. Suitabl e
materials for production of first order retarders have hitherto suffered
from

=]

DISCLOSURE OF INVENTION

According to one aspect of the present invention there is provided a multi-focal plane
10  display including at least two at least partially overlapping display surfaces having a
first order optical retarder and a diffuser interposed between at least two said display

surfaces.

A first order optical retarder produces a phase angle displacement or retardation of less
than or equal to that of the incident wavelength. Furthermore, it has been found that a
15  first order retarder does not produce discernible coloured interference fringes when

used in said displays.

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

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

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

properties of a biaxial polypropylene.

Preferably, the said optical properties include those of a diffuser.



significant drawbacks such as instability underexposure to bright lights
and/ or ageing, discoloration over tine, manufacturing expense, brittleness
and so forth. 20 Thus, according to a further aspect of the present

i nvention, there is provided a display 18 her ei nbef ore descri bed, wherein
said first order retarder is a material Wth the optical properties of a
bi axi al pol ypropyl ene. Preferably, the said optical properties include
those of a diffuser. 13 The diffuser may be either forned as a separate

| ayer distinct fromsaid retarder or diffusive properties nmay be applied

to the surface of the retarder itself. Accordi.ng to a further. e |_nment,
sai d di f?usf%dg;‘qs@b??y C ?ﬂ'@rcﬂjﬂl &} aéF%aI?tBIrlPrged cﬁfpncélfmﬁglds%})aﬁl ed from
the group cg, ri sing chenic I_etc[‘.hi ng;, e ssing. i.npre 'ifng: or

cal enderin ‘gf?’?‘é{ﬁ@ TS AR %qﬂ?ﬂ@dé‘gW§g§8§?tﬂg?fﬁlgﬁgﬁf?S§ the diffuser
surface.lTﬂe | deal separat?%n of the said diffuser fromthe sur:‘acgsof t he
di splay surface.i fi ] i SASE T

sepgr a%/i on)Ag%oadl(?gft Sgﬁléﬁ&%%&&nyﬁ&]dlg@%gtes e @#ﬁgn&e(e%g?gt [ onfdgqfﬂe'lt:i k?g

di ffusive | [ nir Y i s .
adhes; ve.of & et Rt Rofl GPERp RS ReTREmIR) pERRY BEbBRL itlpleting:
surface.s ThiSealchdaRig b ?zﬁﬁlbﬁl, h8h-peRbdic shifaddSErublurdlomt6 B diffasél shifadt:

di ffuser or one integrally forrmed wth, or attached to the said retarder.
Thus, according to a further aspect of the present invention, the said

di ffuser i sTRdRRAESEpatRiohadfdhelisaidl difubdt fasiiabe varfae ¢f the cligilgy srfaed is a
thi ckness. In a display as described herein, used with visible light with a
mean wavel efigiehofbetwldenStfgenclasiay ddecioasé withdeparattdm) ahelr diffasioa of e moiré
difference of |ess than or equal to 560nm Thus, according to a further
aspect of tdféechy. eSEiet separativni of , the aditfusize dayker fromu shes displgyh awacen gare be
retardation of |ess than or equal to one wavel ength of |ight incident on
sai d di spleontrofipd by iusingeadhbsiveiof anieusi thiskyessxtoraitaste theadiffaseri tadhe display
di spl acenent of |ess than or o .

1 surface. This is applicable for both the use of a separate distinct diffuser or one

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

15  560nm, said first order retarder has a phase difference of less than or equal to 560nm.

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.

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

conceivably be formed as a film, lacquer or coating.

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

retarder between at least two partially overlapping display surfaces.



equal to 560nm of said incident |ight. 20 The bi axi al pol ypropylene is
preferably formed as clear flexible film though may conceivably be forned
as a film lacquer or coating. According to another aspect of the present

i nvention there is provided a method of manufacturing a nulti-focal plane
di splay including positioning a first ot4dler optical retarder between at

| east two partially overl apping display surfaces. 14 According to another
aspect of the present invention there is provided a biaxial polypropylene
| ayer adapted for use in an optical system Said optical system need not be
restricted to nmulti-focal plane displays as described above, but includes
any opti cal A&Xﬁ&iﬂ?‘ ©2Radh& @dpebt of ithé Peedehe im@nlowphéeals proofidt 4 dgaxddl 5

bi axi al pol ypropylene, and in particular, those of a retarder. However, to
date, bi axigdlypepyleheRykesdpldsonsde inagopaegllspsted. for its optical
properties, and I n particular those of retardation. It has been found that
replacing known retarders - such as pol ycarbonate in nmulti-layer displays
by film of $aiidxdiptital gysteppneglyhatrie testictadn@xmebit-fghl plade sisplays agsdeserthedt s
are obtained in conparison to 10 the prior art. The nulti focal plane

di spl ays araboyedius ithhdes fapy optical spviemicapable of ytilising the seidoptical qwepertigstofyy | |
be appreciated that other forns of optically active display el enents may be
used arfd abiexinhpalypreppieporaad del paficwlan those Oéééﬁéfdéf- the present invention.
BRI EF DESCRI PTI ON OF DRAW NGS 15 Further aspects of the present invention

wi || becone _apparent fromithe follow escription which is given by way
of exanpl e BAWgveIndo vdate, prial ePR!@rE’B{’]g’P‘Feq‘a%c‘%nlﬁ)%?ﬁyFWBioé’ngfoﬁg’és iORUGHi ch:

Faure S berticS. A pattiodal GRSsE o YeRrdtiin® " 1 *hal bech™foBRE md RBfcfE>P' 2
known retarders — such as polycarbonate in multi-layer displays by film of biaxial
polypropylene that unexpectedly advantageous results are obtained in comparison to

10 the prior art.

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

15  Farther 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 diagrammatic representation of a multi-focal plane display in

accordance with one embodiment of the present invention.

20 BEST MODES FOR CARRYING OUT THE INVENTION

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) includes 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



accordance wth one enbodi nent of the present invention. 20 BEST MODES FOR
CARRYI NG QUT THE | NVENTI ON A preferred enbodi nent of the present invention
is shown in figure 1 incorporated in a dual screen display (1) of known
type. The display (1) includes two overlapping, parallel liquid crystal

di spl ay screens (2, 3) upon which inforkation and/or inmages nay be

di spl ayed by a variety of known neans. In the preferred enbodi nent shown in
15 sinplified formin figure 1, a back light (4) is placed behind the rear
LCD screen (2) to provide illumnation for the i mages shown on one or both
LCD screens (2, 3). To minimse costs, both LCD screens (2, 3) are

const r uct edsiinplified ésrepinclgust tha backnlight (4)dis placedh betfiad therieagl. €Bcderdequ)sto | .
crossed polarising filters are located on the 5 front and rear surface of
each |iqui dprovidstilbmiatiow foreheimeages shownns egeienbeth $CID bereensHar Acteristic
operating mechanismof liquid crystal displays is that the plane

pol arisation of the light enmerging fromthe front surface of the rear LCD
screen (2) Te minimisseepsis thoth d@éc&cmeﬁst(ﬂe 3 crerqonsirycied I AfeoIgANGE Withe ar
surface of the front LCD screen . 10 To rotate, the errergent i ght from
the rear sceas¥antignal wnuﬂqétm@a@rqhamuaﬁgreecm&seérm&wswgtﬁiwrr A& lpeatpd on the
polarisation filter of the f LCDscr n an optical retarde 5) is
pl aced %etfﬁ%‘éna‘ldh@a{@ﬁf%%’re (12‘1‘11§)°ry i 4€ f" e#m%or‘é CONFFRAVPRGELP %Bﬁg (5)
may be pl ac where between the scregns e use |or art
retarders s&@ﬁa é“éy SHEI QReTptng TReRbawsi: of o qlﬂdlﬁfgﬁtﬁ* cfhslg aésentﬁ € PG of
the rear LCD,scr S IS | ] 5

di ffusive clli“ésfa 0?8%%% ‘é%}“gr%‘*aglf‘ ¥°é’i‘§} d%?rit ugﬂg‘gvm er @rgecﬁé’gg% )%Sf ects
degrading t I A r

gener at ed %Sssgots‘ﬂlhﬁ ?‘%ﬁgﬁ t?)glhgf Jl&:%sa IHF%?ane &tﬁlt ?’gr&gﬁ%oga(}:ftaﬁ%gﬁ ]gy]%Pi ght

period di spgl bet ween the structured surface on the LCD screens (2,
e 3 i
3), and the e s of chromatic

10  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 retarder (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

15  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

20  is therefore used to deregulate 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

25  process is however significantly more expensive than chemical etching.

Prior art alternatives also include custom manufactured LCD screens constructed with



separation of white polarised light into "rainbow coloured fringes.
Diffusing the light 20 is therefore used to deregulate the interference
patterns generated. It has been found in practice that chem cal etching of
the diffusion pattern on pol yester doed® not provi de sufficient control of
the colour interference patterns. The main alternative to chem cal etching
I nvol ves enbossi ng a hol ographically recorded master wth a random sed
surface structure onto the pol ycarbonate retarder surface. This 25 process
i s however significantly nore expensive than chem cal etchin Prior art

al t er nat i vethearedb pplagisingeliiarsefothentionts BePuscseen G alweady b rith the igany t h

16 the rear polarising filter of t front LCD screen (3). already aligned
with the rea9lan%|om%ﬁpmokcprf@rqepgﬁ} @ee)r%-ek@gﬂermay élmz’ be P@S%{F%% Ry

al so be undertaken after  .npnufactur.e hy a third party | beit with

si gni fi cant Mapuigcyre E?é{rfaa&?-:lgf Ba’F%ealE?beIﬁlcF‘egéﬂgfw@gt“f‘?i‘ aﬁgm%ge fos the ]r‘gprrent
are prohibitively ensi V& 5..The resenthfi. veint Il on addresses this need by
use of a bi &P Eﬁﬂ@ﬁegﬁq etﬁ@hgmnﬁln?tﬁe gro WIEE?YST‘EF@PIVFH arder (5) located
bet ween the LCD screens (2, 3). Biaxial polypropylene available direct

from congrer ‘ﬂ]@lﬁm%rﬂtih%gﬁf’oépat%égféﬁhﬂ%eg%grhsfa of Q%&%ﬁpf’%cﬁ%ﬁylﬁgé' ?i@{uia'%iang' y

good results in terns performance in a obvi ous

cost and avaid i bk ibdated orELIERIRD Bkl O 33, Bk oRRRopTERS U o

in 10 conparison to existi'ng pol yester retar

pol ypropy! ep@imble aibdti Eofil icoliMdriiar ShatioferyO biitlés fhdsS bedf 38lind 86 aprd8fice
elimnates the colour interference effects whilst also permtting the use

of cheni cal futpRéiafIededdidf leitsoin RAMS ©F @Ktsi@al RirfofinRffecint RN’ te thenblpider ence
effect without |oss of image quality. described earlier, the degree of

r et ar dance/ est amdabvadlabilisy denefital | A exiph@esegainnofl 3.96ehas beén dnedsuredain
di spl acenent - the difference in the optical path |ength between the wave

10  comparison to existing polyester retarders. Furthermore, biaxial polypropylene of

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 earlier, the degree of retardance/retardation is generally expressed in

15 terms of

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

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

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

20 by a particular phase angle value or wavelength by 2m; and

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

component beams;
It and thus, it can be thus seen that:

§=T/\2n



fronts of the two conponents, expressed in nanoneters (nm; e) fractional
wavel ength - the optical path length difference expressed as a fraction of
a given wavel ength, obtained by dividinghlinear di spl acenent val ues 20 by
a particul ar phase angle value or wavel ength by 27c; and f) phase angle -

t he phase difference between the wave fronts of the two conponent beans;
It and thus, It can be thus seen that: 8 = FIX 2rt 17 where 8 = the phase
angle r'=the linear displacenent X = the wavelength M= is the fractional
mevelength 5 As biaxial polypropylene may readily be produced as thin

fl exi bl e duwhtrtee 8kdhe phasesnglei ciently thin to produce a |inear

di spl acenent | ess than one wavel ength of visible Ilight, i.e, the retarder
produces a phase angle of less than 2n, it is said to be of the first
order. Prior art Fetthe lieear dispdasem§nt hi s application produced resul t ant

phase angl es between 27t and 4n, or between 47t and 6n , i.e. second order,
or third order re gers espect ively. The chemcally etched diffusion
pattern may be a ‘Et“‘taéﬂdﬁn ffuser in the formof sheet of acrylic (6)

or simlar placed between the LCD screens (2, 3). The bi axi al

pol ypr opyl ene al Sﬁ@pi“gﬁvthgiracé?n%ﬁ’fa‘/%nﬁ%ﬁhrOrmt ic uniformty that the

retarder (5) can bet ween the LCD screens (2, 3). 15
According to further enbodi ments (not shown) the diffuser (6) may be either

formed as g, %?@&&a%&ﬁ[%g%né“ﬁﬂ P&Hﬂ& rtf%”bt%ﬁ{l&dr 8¢ Hifl et difratile fshesis,ve
properti‘es may appfie
sufficiently thin to produce a linear displacement less than one wavelength of visible
light, i.e, the retarder produces a phase angle of less than 2x, it is said to be of the first
order. Prior art retarders used in this application produced resultant phase angles

between 21 and 47, or between 41 and 67 , i.e. second order, or third order retarders

10  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).

15  According to further embodiments (not shown) the diffuser (6) may be either formed
as a separate layer distinct from said retarder (5) or diffusive properties may be applied

to the surface of the retarder (3) 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

20  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
moiré 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



to the surface of the retarder (5) itself. The said diffusive effects of
the diffuser (6) nay be fornmed by chem cal etching; enbossing; inpressing:
or cal endering a random non-periodic surface structure onto 20 the

di ffuser surface. The ideal separation of the said diffuser (6) fromthe
surface of the display (3) surface is a trade off between inage clarity
(decrease with separation) and diffusion of the noire effects (increasing
wi th separation). This separation can be controlled by using adhesive (not
shown) of a predeterm ned thickness, to attach the diffuser (6) to the 18
di splay (3) dﬁ@&%%?-suﬁmé IThi@ R hpAIREbR . foP'bdfP lehhiRIRACHIIRRING o5 hN@pathted
separate distinct diffuser (6) or one integrally forned with, or attached
to the sai dgik@hddifBisef [0)or bhe ifte@Ally fofRd withabr Athbd fxihalsaidatmpdeps)l ene
filmthickness and variations in the manufacturing processes and/or
constituents may affect sonme optical properties including the difference
in refractikesigndsgédtheahe Halidr pslgpioppleaxifim thi¢kneseahd Variegoresni & and
tenperature. However, according to tests to date, biaxial polypropyl ene
exhi bi t s achaowfattudng epraceisesy apdivpecdnisementst may| hffte smppe exptizble Propesties

al though the preferred enbodi ment has been described with reference to a
dual - scrieeninkiudinigd ther yiéffereneti éml rafractiviee inidey efori eachi polatsationnaxied differeatre.
It 10 will also be apparent to those skilled in the art that the invention
may be equafrequengisp| prdhblempernteeher Hopevetal acopedings thelgalsi 9 ngaler Mitidle
said properties of a biaxjal polypropylene retarder. Furthernore, it wll
be under st cRPRIYRIRRYIeBE fEHDItRACk OAALc 1etArding PIRPSHISEs ret arders i n such

mul ti-focal plane displays provided they provide the first order retardive
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reference to a dual-screen liquid crystal display, the invention is not limited to same. It

10  will also be apparent to those skilled in the art that the invention may be equally
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

15  biaxial polypropylene.

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.



shoul d be appreciated that nodifications and additions may be nade thereto
W t hout departing fromthe scope thereof. 19 CLAIMS: 1. A nmulti-focal

pl. ane ‘display including at |east two at |east partially overl apping

di splay surfaces having a first order opgical retarder and a diffuser

I nterposed between at |east two said display surfaces. 2. A display as
claimed in claiml, wherein said diffuser is fornmed as part of said
retarder. 3. A display as clainmed in claim1l wherein said diffuser is
formed as a separate layer distinct fromsaid retarder. 4. A display as
claimed in claim3, wherein said diffuser is adhered to said display by

adhesi ve of Aangget erm ned thickness. 5. A display as clainmed in any one
of the prec%‘n‘g—g'l ainms, wherein said first order retarder is forned from

a material with the diffusive and/or retardant optical properties of

bi axi al pol ypr apyufiilfocal plafie Hisptyihchilid 8l 16t twd A ar@AIlyl B@crﬂtﬁi)ﬁﬁlgdi ng

clains, wherein said retarder i's forned as a clear flexible film

di splay as cl aiiRplyistrfabes R@n@fa fifstiofer lopticalbetirden afidiadditfisér fdrpbsed
formed as a |acquer or coating. 8 A display as clainmed in any one of the
precedi ng cl ai bawewhayrieiss teabald desphaydarfaces. formed from bi axi al
pol ypropylene. 9. A display as clainmed in any one of the preceding clains,
wherein said diffuser is fornmed by creating a diffusive effect onto the
di ffuser suf adedisgay ds dldithed ivelagthfleovherdinisaig diffusertie fofmerhas hat gf eaid
conprising chem cgl et chi ng; enbossi ng;

retarder.

3. A display as claimed in claim 1 wherein said diffuser is formed as a separate layer

distinct from said retarder.

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

by adhesive of a predetermined thickness.

5. A display as claimed in any one of the preceding claims, wherein said first order
retarder is formed from a material with the diffusive and/or retardant optical

properties of biaxial polypropylene.

6. A display as claimed in any one of the preceding claims, wherein said retarder is

formed as a clear flexible film.

7. A display as claimed in any one of claims 1-5, wherein said retarder is formed as a

lacquer or coating.

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

formed from biaxial polypropylene.

9. A display as claimed in any one of the preceding claims, wherein said diffuser is
formed by creating a diffusive effect onto the diffuser surface, said diffusive effect
being selected from the group comprising chemical etching; embossing;

impressing: or calendering a random, non-periodic surface structure.



| npressing: or calendering a random non-periodic surface structure. 20 10.
A display as clained in claim9, wherein said diffusive effect is created
directly onto the retarder. 11. A display as clained in any one of the
precedi ng clains, wherein said display 2eurfaces are formed fromliquid
crystal display panels. 12. A display as clained in any one of the
preceding clainms, wherein said retarder causes a |inear displacenent of

|l ess than or equal to one wavel ength of light incident on said display.

13. A display as clained in claim12, wherein said retarder causes a |linear
di spl acenmentgofs iRpRytd3alaified G ¢Rlim! 9 WIRISM safd idfuive Refedentcrbdteddireddy A
met hod of manufacturing a nmulti-focal plane display as clained in any one
of clains 1-13ntdthekatahidsg t he step of positioning a first order optical
retarder between at least two partially overlapping display surfaces. 15.
The nethod as clainmed in claim14 wherein said first order optical retarder
sheet is falmeddisplam d3i elxingdd mohnypompyl drecpredddind\chiiax,i whempnl yqid alisplane

| ayer adapted for use as a first order retarder in a nulti- focal plane

di spl ay as cl| aisumfates aredfoymedhfronf liquiidicrystal displa@ padels. A nulti focal pl ane

di splay substantially as hereinbefore described, with reference to, and as
shown in the acconpanying drawi ng. 18. A nethod of manufacturing a

nul ti - focal 13! dnéisplaypisaspaigedsinaay eilel of e precediignelaiey, svhesein rsakbeetarden h

reference to, and as shown in the acconmpanying draw ng. )
causes a linear displacement of less than or equal to one wavelength of light

incident on said display.

13. A display- as claimed in claim 12, wherein said retarder causes a linear

displacement of less than or equal to 560nm of said incident light.

14. A method of manufacturing a multi-focal plane display as claimed in any one of
claims 1-13, including the step of positioning a first order optical retarder between

at least two partially overlapping display surfaces.

15. The method as claimed in claim 14 wherein said first order optical retarder sheet

is formed from biaxial polypropylene.

16. A biaxial polypropylene layer adapted for use as a first order retarder in a multi-

focal plane display as claimed in any one of claims 1 - 13.

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

to, and as shown in the accompanying drawing.

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

drawing.



