
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0201921 A1 

US 2010O2O1921A1 

Bell (43) Pub. Date: Aug. 12, 2010 

(54) OPTICAL RETARDER (30) Foreign Application Priority Data 

(75) Inventor: Gareth Paul Bell, Hamilton (NZ) Apr. 20, 2001 (NZ) ........................................ 511255 
Apr. 22, 2002 (NZ) ....................... PCT/NZO2/OOO73 

Correspondence Address: O O 
MURABITO, HAO & BARNES, LLP Publication Classification 
TWO NORTH MARKET STREET, THIRD (51) Int. Cl. 
FLOOR GO2F I/347 (2006.01) 
SANJOSE, CA 95113 (US) HOIF 9/20 (2006.01) 

(52) U.S. Cl. ............................................. 349/77; 445/24 
(73) Assignee: PURE DEPTH LIMITED, 

Auckland (NZ) (57) ABSTRACT 
A display including a first-order optical retarder and a method 

(21) Appl. No.: 12/765,332 for assembling the same is disclosed. A display includes a first 
1-1. display Screen operable to display a first image using a first 

(22) Filed: Apr. 22, 2010 plurality of pixels. A second display screen is operable to 
O O display a second image using a second plurality of pixels, 

Related U.S. Application Data wherein the first and second display screens overlap. The 
(63) Continuation of application No. 10/475,432, filed on display also includes a first-order optical retarder disposed 

May 13, 2004, now Pat. No. 7,742,124. between the first and second display Screens. 

  



Patent Application Publication Aug. 12, 2010 US 2010/02O1921 A1 

SS 

  



US 2010/020 1921 A1 

OPTICAL RETARDER 

RELATED APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 10/475.432, filed May 13, 2004, 
naming Gareth P. Bell as the inventor, assigned to the assignee 
of the present invention, and having attorney docket number 
PURE-P022, which is a National Stage Application filed 
under 35 U.S.C. S371 of International Patent Application 
Number PCT/NZ02/00073, filed Apr. 22, 2002, which claims 
the benefit of New Zealand Patent Number 511255, filed Apr. 
20, 2001. Each of these applications is incorporated herein by 
reference in their entirety and for all purposes. 

BACKGROUND OF THE INVENTION 

0002 The benefits of multi-layered viewing screens, in 
particular those utilizing the technology described in the co 
pending Patent Application Nos. NZ314566, NZ328074, 
NZ3291.30, PCT/NZ98/00098 and PCT/NZ99/00021 are 
gaining increasingly widespread recognition and acceptance 
due to their enhanced capabilities compared to conventional 
single focal plane displays. 
0003. 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 analyzing and processing 
visual information which has not become the focus of the 
viewer's conscious awareness. 
0004. 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 process 
ing. This is significantly faster than requiring a user to indi 
vidually scan each element, scrutinizing for the presence of 
the said properties. Exactly what properties lend themselves 
to preattentive processing has in itself been the Subject of 
Substantial research. Color, shape, three-dimensional visual 
clues, orientation, movement and depth have all been inves 
tigated to discern the germane visual features that trigger 
effective preattentive processing. Researchers such as Tries 
man 1985 conducted experiments using target and bound 
ary detection in an attempt to classify preattentive features. 
Preattentive target detection was tested by determining 
whether a target element was present or absent within a field 
of background distractor elements. Boundary detection 
involves attempting to detect the boundary formed by a group 
of target elements with a unique visual feature set within 
distractors. It maybe readily visualized for example that a red 
circle would be immediately discernible set amongst a num 
ber of blue circles. 
0005 Equally, a circle would be readily detectable if set 
amongst a number of square shaped 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. 
0006 A widespread threshold time used to classify preat 
tentiveness 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 
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stated above maybe accomplished in less than 200 msec, thus 
Suggesting that the information in the display is being pro 
cessed in parallel unattendedly or pre-attentively. 
0007. However, if the target is composed of a conjunction 
of unique features, e.g., a conjoin 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. 
0008 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 
objects can also be detected preattentively. Thus, for example 
a target represented by a perspective view of a cube shaded to 
indicate illumination from above would be preattentively 
detectable amongst a plurality of distractor cubes shaded to 
imply illumination from a different direction. This illustrates 
an important principle in that the relatively complex, high 
level concept of perceived three dimensionality may be pro 
cessed preattentively by the Sub-conscious mind. In compari 
son, if the constituent elements of the above described 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 
etal 1992 confirm that it is the three dimensional orientation 
characteristic which is preattentively detected. 
0009 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 concep 
tually 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 the 
distractors. Results showed a constant response time irrespec 
tive of the increase in distractor numbers. 
0010. 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 was 
either red on the front plane or blue on the rear plane for stereo 
color (SC) conjoin tests, whilst stereo and motion (SM) trials 
utilized 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. 
0011 Results showed the response time for SC and SM 

trials were constant and below the 250 msec threshold regard 
less of the number of distractors. The trials involved conjoin 
as the target did not possess a feature unique to all the dis 
tractors. However, it appeared the observers were able to 
search each plane preattentively in turn without interference 
from distractors in another plane. 
0012. 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 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. 
0013 The relative influence of the total number of distrac 
tors present (regardless of their depth) verses the number of 
distractors present solely in the depth plane of the target was 
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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 distrac 
tors 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 distractors located in a single 
depth plane. 
0014 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. 
0015 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 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 sand 
wiched between the two glass Substrates, and a polarizing 
film is added to the outer side of each substrate. 

0016 A pixel is defined as the smallest resolvable area of 
an image, either on a screen or stored in memory. Each pixel 
in a monochrome image has its own brightness, from 0 for 
black to the maximum value (e.g., 255 for an eight-bit pixel) 
for white. In a color image, each pixel has its own brightness 
and color, usually represented as a triple ofred, green and blue 
intensities. To turn on a pixel, the integrated circuit sends a 
charge down the correct column of one Substrate and a ground 
activated on the correct row of the other. The row and column 
intersect at the designated pixel and that delivers the Voltage 
to untwist the liquid crystals at that pixel. 
0017. The passive matrix system has significant draw 
backs, notably slow response time and imprecise Voltage 
control. Response time refers to the Liquid Crystal Displays 
ability to refresh the image displayed. Imprecise Voltage con 
trol hinders the passive matrix's ability to influence only one 
pixel at a time. When Voltage is applied to untwist one pixel, 
the pixels around it also partially untwist, which makes 
images appear fuZZy and lacking in contrast. 
0018 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 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 refresh cycle. And if the amount of 
Voltage Supplied to the crystal is carefully controlled, it can be 
made to untwist only enough to allow some light through. By 
doing this in very exact, very Small increments, Liquid Crys 
tal Displays can create a grey Scale. Most displays today offer 
256 levels of brightness per pixel. 
0019. A Liquid Crystal Display that can show colors must 
have three subpixels with red, green and blue color filters to 
create each color pixel. Through the careful control and varia 
tion of the Voltage applied, the intensity of each Subpixel can 
range over 256 shades. Combining the Subpixel produces a 
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possible palette of 16.8 million colors (256 shades of redx256 
shades of greenx256 shades of blue). 
0020 Liquid Crystal Displays employ several variations 
of liquid crystal technology, including Super twisted nemat 
ics, dual scan twisted nematics, ferroelectric liquid crystal 
and surface stabilized ferroelectric liquid crystal. They can be 
lit using ambient light in which case they are termed as 
reflective, backlit and termed Tran missive, or a combination 
of backlit and reflective and called transflective. There are 
also emissive 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. 
0021. In the case of a display comprising two or more 
overlapping parallel LCD panels, an inherent characteristic of 
using conventionally constructed LCD screens is that the 
polarization of the light emanating from the front of the 
rearward Screen is mis-aligned with the orientation of rear 
polarizer of the front screen. 
0022. Known techniques to overcome this drawback have 
to date involved the use of retarder films located between the 
two liquid crystal displays. 
0023 Optical retarders, also known as retardation plates, 
wave plates and phase shifters, may be considered as polar 
ization form converters with close to a 100% efficiency. A 
retarder may be simply defined as a transmissive material 
having two principle axes, slow and fast, which resolves the 
incident beam into two orthogonally polarized components 
parallel to the slow and fast axes without appreciable alter 
ation of the of the intensity or degree of polarization. The 
component parallel to the slow axis is retarded with respect to 
the beam component parallel to the fast axis. The two com 
ponents are then reconstructed to form a single emergent 
beam with a specific polarization form. The degree of retar 
dance or retardation denoting the extent to which the slow 
component is retarded relative to the fast component is gen 
erally expressed in terms of: a) linear displacement which 
may be the difference in the optical path length between the 
wavefronts of the two components, expressed in nanometers 
(nm); b) fractional wavelength which may be the optical path 
length difference expressed as a fraction of a given wave 
length, obtained by dividing linear displacement values by a 
particular phase angle value or wavelength by 2U, e.g., 280 
nm/560 nm=/2 wave retarder; and c) phase angle which may 
be the phase difference between the wave fronts of the two 
component beams, expressed in degrees (e.g., 90°, 180°, etc.) 
or radians (e.g., /27t, L, etc.). It can thus be seen that: 

where Ö may be the phase angle, T may be the linear displace 
ment, W may be the wavelength, and T/W, may be the fractional 
wavelength. 
0024. If the thickness of the retarder produces a linear 
displacement less than the wavelength, the retarder produces 
a phase angle of less than at and is said to be of the first order. 
If the resultant phase angle is between it and 27t, then the 
retarder is said to be of the second order, if between 2 Land 37t 
it is a third order retarder, and so forth. The mean wavelength 
of the visible spectrum (560 nm) is used as the reference 
wavelength for optical retarders. 
0025 Correspondingly, a retarder may be employed as a 
polarization form converter to rotate the output polarized 
light from the rear most liquid crystal display of a multi 
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screened LCD unit through the required angle to align with 
the polarization plane of the rear surface of the front liquid 
crystal display. Polyesters such as polycarbonate are known 
retarders with a low intrinsic cost, though they are difficult to 
produce with sufficient chromatic uniformity to avoid the 
appearance of colored “rainbow-like' interference patterns 
when viewed between crossed polarizers. This is due (at least 
in part) to the thickness to which such sheets of polycarbonate 
are available, which result in second or higher order retarders. 
0026. In second, third or higher order retarders, the differ 
ent wavelengths of the spectrum constituents of white light 
are retarded by the same linear displacement, but by different 
phase angles Such that pronounced colored interference 
fringes result. 
0027. There are further complications with the manufac 
ture of such multi-focal plane LCD displays. The fine regular 
structures formed by the colored filters and black pixel matrix 
on the alignment layers of each liquid crystal display produce 
a specific pattern in the light transmitted which, when com 
bined with the corresponding pattern created by the second 
liquid crystal display, causes an interference effect, e.g., 
Moiré interference, degrading the resulting image seen by the 
viewer. 
0028. 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 alter 
natively beformed by the application of a particular patternor 
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 
acceptable results in combination with a polyester or polyes 
ter retarder. 

0029. Alternatives to chemical etching include emboss 
ing, impressing or calendering of the said pattern by a holo 
graphically-recorded master onto the Surface of the polyester 
retarder, forming a random, non-periodic Surface structure. 
These randomized structures may be considered as a plurality 
of micro lenslets diffusing incident light to eliminate or 
reduce Moiré interference and color defraction. This method 
is however significantly more expensive than conventional 
methods such as chemical etching. Further alternatives 
include specifically engineered retarder films with no diffu 
sive capability but these are also costly and have chromatic 
uniformity problems. 
0030. It is also possible to assemble the front liquid crystal 
display panel with the polarizing plane of the rearward Sur 
face aligned with that of the front surface of the rear-most 
liquid crystal display. Unfortunately, this involves a large 
non-refundable engineering cost as it cannot be accommo 
dated in the manufacture of conventional LCD units and thus 
requires production as custom units. In practice it is not 
possible to rotate the polarizers on the forward display panel 
without changing the rubbing axis on the glass 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 labeling and this would cause significant disruption 
to the manufacturing process. 
0031. By contrast, use of a retarder enables the requisite 
polarization orientation change to be discerned by examining 
the polarization/glass finish to acclimate the retarder adhe 
sive. This is clearly visible by the unaided eye and is one of the 
last production stages, thus reducing potential risk. 
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0032. It is also possible to utilize a third party (e.g., not the 
original manufacturer) to realign the respective polarizing 
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 party procedure, including any 
or all of the following: 1) removing the LCD panel from its 
Surround which may cause possible damage to TAB drivers or 
the glass; 2) removing the polarizer since heating of the 
polarizer is required to reduce its adhesion and can damage 
the glass, damage individual pixels from excessive pressure, 
and the liquid crystals may be overheated; 3) misalignment of 
the new polarizer; 4) replacing the panel in the original pack 
aging which may cause possible damage to tab boards or the 
glass; and 5) electrical static damage at any point of the 
procedure. 
0033. Furthermore, some or all of the interstitial optical 
elements located between the display layers (e.g., 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 display 
image. 
0034 Interstitial elements which may introduce such opti 
cal path length changes include: air, nitrogen, or any other 
inert gas; a selective diffusion layer; Polymer Dispersed Liq 
uid Crystal; Ferroelectric Liquid Crystal; Liquid Crystal 
between random homogeneous alignment layers; Acrylic, 
Polycarbonate, Polyester; Glass; Antireflective coating: Opti 
cal 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 polariza 
tion between successive LCD panels, while avoiding chro 
matic aberrations such as colored interference fringes result 
ing from the use of existing retarders such as polycarbonate. 
0035 All references, including any patents or patent appli 
cations cited in this specification are hereby incorporated by 
reference. No admission is made that any reference consti 
tutes prior art. The discussion of the references states what 
their authors assert, and the Applicant reserves the right to 
challenge the accuracy and pertinence 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. 
0036. It is acknowledged that the term “comprise' may, 
under varying jurisdictions, be attributed with either an exclu 
sive or an inclusive meaning. For the purpose of this specifi 
cation, and unless otherwise noted, the term “comprise' shall 
have an inclusive meaning, e.g., that it will be taken to mean 
an inclusion of not only the listed components it directly 
references, but also other non-specified components or ele 
ments. This rationale will also be used when the term “com 
prised or “comprising is used in relation to one or more 
steps in a method or process. 
0037. It is an object of the present invention to address the 
foregoing problems or at least to provide the public with a 
useful choice. 
0038. Further aspects and advantages of the present inven 
tion will become apparent from the ensuing description 
which is given by way of example only. 

SUMMARY OF THE INVENTION 

0039. According to one aspect of the present invention 
there is provided a multi-focal plane display including at least 



US 2010/020 1921 A1 

two at least partially overlapping display Surfaces having a 
first order optical retarder interposed between at least two said 
SCCS. 

0040. 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 
first order retarder does not produce discernible colored inter 
ference fringes when used in said displayS. 
0041) Suitable materials for production of first order 
retarders have hitherto suffered from significant drawbacks 
Such as instability underexposure to bright lights and/or age 
ing, discoloration over time, manufacturing expense, brittle 
ness and so forth. 
0042. 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. 
0043. In one embodiment, the optical properties may 
include those of a diffuser. 
0044) The diffuser may be either formed as a separate 
layer distinct from the retarder or diffusive properties may be 
applied to the surface of the retarder itself. 
0045. In one embodiment, the diffusive effects of the dif 
fuser may be formed by a means selected from the group 
consisting of chemical etching, embossing; impressing: or 
calendering a random, non-periodic Surface structure onto the 
diffuser surface. 
0046. The ideal separation of the said diffuser from the 
surface of the display surface is a trade off between image 
clarity (decrease with separation) and diffusion of the Moiré 
effects. The separation of the diffusive layer from the display 
Surface can be controlled by using adhesive of various thick 
nesses to attach the diffuser to the display surface. This is 
applicable for both the use of a separate distinct diffuser or 
one integrally formed with, or attached to the retarder. 
0047 Thus, according to one embodiment of the present 
invention, the diffuser may be adhered to the display by 
adhesive of a predetermined thickness. 
0048. In one embodiment, a display as described herein 
used with visible light with a mean wavelength of 560 nm, the 
first order retarder may have a phase difference of less than or 
equal to 560 nm. 
0049. Thus, according to one embodiment of the present 
invention, the retarder may cause a phase angle retardation of 
less than or equal to one wavelength of light incident on said 
display. This may be alternatively expressed as a linear dis 
placement of less than or equal to 560 nm of the incident light. 
0050. The biaxial polypropylene may be formed as clear 
flexible film. Alternatively, it may beformed as a film, lacquer 
or coating. 
0051. 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. 
0052 According to one embodiment of the present inven 
tion there is provided a biaxial polypropylene layer adapted 
for use in an optical system. The optical system need not be 
restricted to multi-focal plane displays as described above, 
but may include any optical system capable of utilizing the 
optical properties of biaxial polypropylene, and in particular, 
those of a retarder. 
0053. However, to date, biaxial polypropylene has not 
been employed for its optical properties, and in particular 

Aug. 12, 2010 

those of retardation. In accordance with one embodiment of 
the present invention, replacing known retarders such as poly 
carbonate in multi-layer displays with film of biaxial polypro 
pylene can yield unexpectedly advantageous results in com 
parison to the prior art. 
0054 The multi focal plane displays are preferably 
formed from liquid crystal panels, though it will be appreci 
ated that otherforms of optically active display elements may 
be used and are thus incorporated within the scope of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0055. 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. 
0056 FIG. 1 shows a diagrammatic representation of a 
multi-focal plane display in accordance with one embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0057 FIG. 1 shows a display (1) in accordance with one 
embodiment of the present invention. 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 one embodiment, 
a back light (4) is placed behind the rear screen (2) to provide 
illumination for the images shown on one or both screens 
(2.3). 
0058. In one embodiment, one or both of the screens (2, 3) 
may be liquid crystal displays (LCDs). Crossed polarizing 
filters may be located on the front and rear surface of each 
liquid crystal active element. A consequence of the charac 
teristic operating mechanism of liquid crystal displays is that 
the plane polarization of the light emerging from the front 
surface of the rear screen (2) is crossed with respect to the 
polarization plane of the rear surface of the front screen (3). 
0059. To rotate the emergent light from the rear screen (2) 
by the required angle to align with the rear polarization filter 
of the front screen (3), an optical retarder (5) is placed 
between the screens (2, 3). In one embodiment, the retarder 
(5) may be placed adjacent to the front screen (3) or the rear 
screen (2). A diffusive pattern may be applied to the retarder 
(5) to avoid interference effects degrading the resultant image 
from display (1). Interference patterns may result from the 
Moiré effect (e.g., interference caused by slight period dis 
parities between the structured surface on the screens (2, 3)) 
and/or the effects of chromatic separation of white polarized 
light into “rainbow” colored fringes. Diffusing the light is 
therefore used to deregulate the interference patterns gener 
ated. 
0060 Chemical etching of the diffusion pattern on poly 
ester may not provide sufficient control of the color interfer 
ence patterns. The main alternative to chemical etching 
involves embossing a holographically recorded master with a 
randomized Surface structure onto the polycarbonate retarder 
Surface. 

0061 Custom manufactured LCD screens may be used 
which constructed with the rear polarizing filter of the front 
screen (3) already aligned with the rear polarizer of the rear 
screen (2) may be used. Alternatively, the rearpolarizing filter 
of the front screen (3) may be re-aligned with the rear polar 
izer of the rear screen (2) after manufacture. 
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0062. In one embodiment of the present invention, a 
biaxial polypropylene film may be used as a first order 
retarder (5) located between the screens (2.3). Biaxial 
polypropylene available direct from commercial stationery 
outlets has been found to produce Surprisingly good results in 
terms of optical performance in addition to the obvious cost 
and availability benefits. A brightness gain of 1.96 has been 
measured in comparison to existing polyester retarders. Fur 
thermore, biaxial polypropylene of sufficient thickness to 
form a first order retarder eliminates or reduces the color 
interference effects while also permitting the use of chemi 
cally etched diffusion pattern to eliminate or reduce the Moiré 
interference effect without significant loss of image quality. 
0063. In one embodiment, the degree of retardance or 
retardation can be expressed in terms of: a) linear displace 
ment which may be the difference in the optical path length 
between the wavefronts of the two components, expressed in 
nanometers (nm); b) fractional wavelength which may be the 
optical 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 21, 
e.g., 280 nm/560 nm=/2 wave retarder; and c) phase angle 
which may be the phase difference between the wavefronts of 
the two component beams, expressed in degrees (e.g., 90°, 
180°, etc.) or radians (e.g., "/27t, L, etc.). It can thus be seen 
that: 

where Ö may be the phase angle, T may be the linear displace 
ment, may be the wavelength, and T/W may be the fractional 
wavelength. 
0064. As biaxial polypropylene may readily be produced 
as thin flexible durable sheets, it may be sufficiently thin to 
produce a linear displacement of less than one wavelength of 
visible light. For example, the retarder may produce a phase 
angle of less than L, and therefore, be considered “first order.” 
0065. The chemically etched diffusion pattern may be 
applied to a diffuser in the form of a sheet of acrylic (6) or 
placed between the screens (2.3). The biaxial polypropylene 
may also provide Sufficient chromatic uniformity Such that 
the retarder (5) can be placed at any point between the screens 
(2.3). 
0066. In one embodiment, the diffuser (6) may be either 
formed as a separate layer distinct from said retarder (5). And 
in one embodiment, diffusive properties may be applied to the 
surface of the retarder (5) itself. The diffusive effects of the 
diffuser (6) may be formed by: chemical etching, embossing: 
impressing; or calendering a random, non-periodic Surface 
structure onto the diffuser surface. 

0067. The ideal separation of the said diffuser (6) from the 
surface of the display (3) surface is a trade offbetween image 
clarity (which decreases with separation) and diffusion of the 
Moiré effects (which increases with separation). This sepa 
ration can be controlled by using adhesive of a predetermined 
thickness, to attach the diffuser (6) to the display (3) surface. 
This is applicable when using a separate distinct diffuser (6) 
or when using a diffuser which is integrally formed with or 
attached to the retarder (5). 
0068. It is envisaged that the biaxial polypropylene film 
thickness and variations in the manufacturing processes and/ 
or constituents may affect some optical properties including 
the difference in refractive index for each polarization axis, 
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different frequencies and temperature. In one embodiment, 
biaxial polypropylene may exhibit achromatic retarding 
properties. 
0069. Although only two screens (2, 3) are shown in FIG. 
1, it should be appreciated that the display (1) may include 
more than two screens in other embodiments. It 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. Fur 
ther, it should be appreciated that other materials resulting in 
first order retardation may be used for the retarder (5) instead 
of biaxial polypropylene. 
0070 Aspects of the present invention have been 
described by way of example only and it should be appreci 
ated that modifications and additions may be made thereto 
without departing from the scope thereof. 
What is claimed is: 
1. A display comprising: 
a first display screen operable to display a first image using 

a first plurality of pixels; 
a second display Screen operable to display a second image 

using a second plurality of pixels, wherein said first and 
second display screens overlap; and 

a first-order optical retarder disposed between said first and 
second display screens. 

2. The display of claim 1 further comprising: 
an optical component disposed between said first and sec 

ond display Screens. 
3. The display of claim 2, wherein said optical component 

is operable to perform at least one light processing operation 
other than retardation of light. 

4. The display of claim 2, wherein said first-order optical 
retarder and said optical component are integrated into a 
common component. 

5. The display of claim 2, wherein said optical component 
is physically separate from said first-order optical retarder. 

6. The display of claim 2, wherein said optical component 
is adhered, by adhesive, to a display Screen selected from a 
group consisting of said first display screen and said second 
display screen. 

7. The display of claim 6, wherein said adhesive comprises 
a predetermined thickness. 

8. The display of claim 1, wherein said optical component 
comprises a diffuser, wherein said diffuser comprises a Sur 
face with at least one diffusive effect, and wherein said dif 
fusive effect is selected from a group consisting of a chemical 
etching, an embossing, an impressing, and a calendered Sur 
face structure. 

9. The display of claim 1 further comprising: 
a light source operable to illuminate said first and second 

display screens. 
10. The display of claim 9, wherein said light source com 

prises a backlight operable to illuminate said first and second 
images. 

11. The display of claim 1, wherein said first-order optical 
retarder is operable to cause a linear displacement of a type 
selected from a group consisting of a linear displacement 
equal to one wavelength of light incident on said display and 
a linear displacement of less than one wavelength of light 
incident on said display. 

12. The display of claim 11, wherein said wavelength of 
light is approximately 560 nanometers. 

13. The display of claim 1, wherein said first-order optical 
retarder is operable to cause a phase angle retardation selected 
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from a group consisting of a phase angle retardation equal to 
one wavelength of light incident on said display and a phase 
angle retardation of less than one wavelength of light incident 
on said display. 

14. The display of claim 1, wherein said first-order optical 
retarder comprises a clear flexible film. 

15. The display of claim 1, wherein said first-order optical 
retarder comprises biaxial polypropylene. 

16. The display of claim 1, wherein a surface of said first 
order optical retarder comprises at least one diffusive effect, 
said diffusive effect is selected from a group consisting of a 
chemical etching, an embossing, an impressing, and a calen 
dered surface structure. 

17. The display of claim 1, wherein said first and second 
display Screens each comprise a liquid crystal display. 

18. The display of claim 1, wherein said first display screen 
further comprises a first polarizer, and wherein said first 
order optical retarder is further disposed between said first 
polarizer and said second display screen. 

19. The display of claim 18, wherein said second display 
screen further comprises a second polarizer, and wherein said 
first-order optical retarder is further disposed between said 
first polarizer and said second polarizer. 

20. The display of claim 1, wherein each of said first 
plurality of pixels comprises a respective red color filter, a 
respective green color filter and a respective blue color filter. 

21. A method of assembling a display, said method com 
prising: 

positioning a first display screen and a second display 
Screen in an overlapping arrangement, wherein said first 
display screen is operable to display a first image using 
a first plurality of pixels; and 

disposing a first-order optical retarder between said first 
and second display screens. 

22. The method of claim 21 further comprising: 
disposing an optical component between said first and 

second display Screens. 
23. The method of claim 22, wherein said optical compo 

nent is operable to performat least one light processing opera 
tion other than retardation of light. 

24. The method of claim 22, wherein said first-order optical 
retarder and said optical component are integrated into a 
common component. 

25. The method of claim 22, wherein said optical compo 
nent is physically separate from said first-order optical 
retarder. 

26. The method of claim 22 further comprising: 
adhering said optical component, using adhesive, to a dis 

play Screen selected from a group consisting of said first 
display screen and said second display screen. 

27. The method of claim 26, wherein said adhesive com 
prises a predetermined thickness. 

28. The method of claim 21, wherein said optical compo 
nent comprises a diffuser, wherein said diffuser comprises a 
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surface with at least one diffusive effect, and wherein said 
diffusive effect is selected from a group consisting of a chemi 
cal etching, an embossing, an impressing, and a calendered 
Surface structure. 

29. The method of claim 21 further comprising: 
disposing a light source behind a display Screen selected 

from said first and second display screens. 
30. The method of claim 29, wherein said light source 

comprises a backlight operable to illuminate said first and 
Second images. 

31. The method of claim 21, wherein said first-order optical 
retarder is operable to cause a linear displacement of a type 
selected from a group consisting of a linear displacement 
equal to one wavelength of light incident on said display and 
a linear displacement of less than one wavelength of light 
incident on said display. 

32. The method of claim 31, wherein said wavelength of 
light is approximately 560 nanometers. 

33. The method of claim 21, wherein said first-order optical 
retarder is operable to cause a phase angle retardation selected 
from a group consisting of a phase angle retardation equal to 
one wavelength of light incident on said display and a phase 
angle retardation of less than one wavelength of light incident 
on said display. 

34. The method of claim 21, wherein said first-order optical 
retarder comprises a clear flexible film. 

35. The method of claim 21, wherein said first-order optical 
retarder comprises biaxial polypropylene. 

36. The method of claim 21 further comprising: 
creating at least one diffusive effect on a Surface of said 

first-order optical retarder using an operation selected 
from a group consisting of chemical etching, embossing, 
impressing, and calendaring; and 

wherein said at least one diffusive effect is operable to 
diffuse light passing through said first-order optical 
retarder. 

37. The method of claim 21, wherein said first and second 
display screens each comprise a liquid crystal display. 

38. The method of claim 21, wherein said first display 
screen further comprises a first polarizer, and further com 
prising: 

disposing said first-order optical retarder between said first 
polarizer and said second display Screen. 

39. The method of claim 38, wherein said second display 
screen further comprises a second polarizer, and further com 
prising: 

disposing said first-order optical retarder between said first 
polarizer and said second polarizer. 

40. The method of claim 21, wherein each of said first 
plurality of pixels comprises a respective red color filter, a 
respective green color filter and a respective blue color filter. 
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