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(57) ABSTRACT

A reconfigurable parallax barrier panel comprising an elec-
tro-optic material has first and second regions. The parallax
barrier panel is configured in a first mode to address the first
and second electrodes on the basis of at least one received
drive signal such that: the first electrodes define, in the first
region of the panel, a first parallax barrier array selected
from a plurality of predetermined parallax barrier arrays;
and the second electrodes define, in the second region of the
panel, independently of the first parallax barrier array, a
second parallax barrier array selected from the plurality of
predetermined parallax barrier arrays, the second parallax
barrier array being different to the first parallax barrier array.
To obtain a good autostereoscopic 3-D viewing zone the
pitch of a parallax barrier would ideally vary over the width
of the parallax barrier panel as a function of viewing
distance. This is impracticable to obtain in a practical
parallax barrier panel, but the present invention can provide
a change in barrier pitch at the boundary between the first
region and the second region, and this effectively mimics a
pitch that varies over the width of the parallax barrier panel
as a function of viewing distance. A parallax barrier panel of
the invention can provide improved 3-D viewing when the
parallax barrier panel is incorporated in a display.
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[Fig. 8]
Figure 8

Slit Electrode
Position
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[Fig. 16]
Figure 16
Viewing Slit Position Number in Region
Distance
(mm) Rt (R2 |R3 |[Rra |RS [Re [R7 |[R8 [Ro
580 9 8 8 7 7 7 6 6 5
610 8 8 8 7 7 7 6 6 6
650 8 8 7 7 7 7 7 6 6
690 8 7 7 7 7 7 7 7 6
730 7 7 7 7 7 7 7 7 7
770 6 7 7 7 7 7 7 7 8
810 6 6 7 7 7 7 7 8 8
850 6 6 6 7 7 7 8 8 8
900 5 6 6 7 7 7 8 8 9
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PARALLAX BARRIER WITH
INDEPENDENTLY CONTROLLABLE
REGIONS

TECHNICAL FIELD

[0001] This invention relates to switchable imaging optics
for use in 3D autostereoscopic (no glasses) devices.

BACKGROUND ART

[0002] For many years people have been trying to create
better autostereoscopic three dimensional (3D) displays, and
this invention provides a further advance in this field. An
autostereoscopic display is a display that gives stereoscopic
depth without the user needing to wear special glasses. This
is accomplished by projecting a different image to each eye.
An autostereoscopic 3D display can be realised by using
parallax optic technology such as a parallax barrier or
lenticular lenses.

[0003] Many applications exist whereby a display is also
required to operate in a high quality 2D mode and a high
quality 3D mode. For the image display to show an image
with 100% native resolution in the 2D mode, the parallax
barrier must be switchable between a first mode that pro-
vides substantially no imaging function (2D mode) to a
second mode of operation that provides an imaging function
(3D mode). An example of a liquid crystal switchable
parallax barrier technology is disclosed in U.S. Pat. No.
7,813,042B2.

[0004] The use of a parallax barrier to direct a different
image directly to each eye to create a stereoscopic image for
a static, non-moving user is well known. However, the user
must remain fixed in space in order to view a high quality 3D
image. Movement of the user’s head from side to side
(lateral movement of the head relative to the display device)
causes the left eye image to be viewed with the right eye and
vice versa. Viewing the left eye image with the right eye
causes severe discomfort to the viewer. In order to solve this
problem, a liquid crystal parallax barrier comprising mul-
tiple independently addressable electrodes may be used in
conjunction with a head tracking system so that for a given
viewing distance the left eye image is always directed to the
left eye and the right eye image is always directed to the
right eye. The head tracking system determines the lateral
position of the user’s eyes and switches the appropriate
electrodes of on the liquid crystal parallax barrier to enable
viewing of a stereoscopic image. Examples of such laterally
tracking liquid crystal parallax barriers comprising multiple
independently addressable electrodes and head tracking sys-

tems are disclosed in US20130342586A1,
WO02014136610A1, U.S. Pat. No. 8,629,945B2,
US20120200680A1, US20130342586A1,

US20110157171A1, EP00833183A1, US20100110316A1
and U.S. Pat. No. 5,969,850A1.

[0005] Other examples of reconfigurable parallax barriers
are given in WO 2014/141813, WO 2015/060011, WO
2015/060002, EP1816510, US 2014/198099 and US 2013/
021329.

[0006] For some applications, particularly on some small
displays, a laterally tracked liquid crystal parallax barrier
enables sufficient backwards and forwards (longitudinal)
movement of the head relative to the display device to
enable high quality 3D viewing. However, for other appli-
cations, laterally tracking liquid crystal parallax barriers
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have the disadvantage that movement of the user’s head
backwards and forwards (longitudinal movement) relative to
the display device causes the left eye image to be viewed
with the right eye and vice versa i.e. poor quality 3D
viewing. U.S. Pat. No. 8,331,023B2 discloses the use of
multiple parallax barriers to enable lateral and longitudinal
head movement while maintaining good quality 3D viewing.
W02014092172A1, U.S. Pat. No. 8,629,945,
US20130187961A1 and US20140078268A1 disclose that a
liquid crystal parallax barrier comprised of multiple elec-
trodes can enable lateral and longitudinal head tracking
while maintaining good quality 3D viewing. The disclosed
method of longitudinal head tracking is performed by chang-
ing the pitch of the liquid crystal parallax barrier.

SUMMARY OF INVENTION

[0007] One aspect of the present invention provides an
autostereoscopic (no glasses) display device 1 that enables
viewing of high quality 3D images for a large range of lateral
(left and right) head movements and a large range of
longitudinal (forwards and backwards) head movements.
The autostereoscopic (no glasses) display device 1 includes
an image display panel 10 for displaying images and a
multi-region liquid crystal parallax barrier panel 20, 200.
The multi-region liquid crystal parallax barrier panel 20, 200
may be switched off to enable viewing of 2D images or
switched on to enable viewing of autostereoscopic (no
glasses) 3D images.

[0008] The multi-region liquid crystal parallax barrier
panel 20, 200 has at least a first region that includes at least
a first group of independently addressable electrodes and at
least a second region that includes at least a second group of
independently addressable electrodes. The electrodes of the
first region are addressed independently of the electrodes
pertaining to the second region.

[0009] In general, each group contains n independently
addressable electrodes and said group of independently
addressable electrodes is repeated m times to extend across
the width of the pth region of the image display 10, where
p, n and m are positive integers.

[0010] The electrode pitch EP may be constant in each
region. The electrode pitch EP may vary in each region.
Each region may have a unique electrode pitch.

[0011] The independently addressable electrodes may be
deposited in a single layer configuration.

[0012] The independently addressable electrodes may be
deposited in a dual layer configuration.

[0013] The independently addressable electrodes may be
deposited on the first substrate only or deposited on the
second substrate only or deposited on both the first and
second substrates.

[0014] The autostereoscopic display device 1 further
includes a control circuit 40 and a position sensor(s) 41.
Control circuit 40 includes an operation unit 42 and a
multi-region liquid crystal parallax barrier panel drive unit
43 and an image display panel driver 44 and may include a
slit pattern look-up table (LUT) 45. Image display panel
drive unit 44 drives the image display panel 10 based on
input video signals and displays an image on the image
display panel 10. The position sensor(s) and the operation
unit determine the head/face/eye position of the autostereo-
scopic display device user. The parallax barrier panel drive
unit 43 drives the multi-region liquid crystal parallax barrier
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panel 200 based on the head/face/eye position of the user to
enable viewing of high quality 3D (low 3D crosstalk).
[0015] A first aspect of the present invention provides a
reconfigurable parallax barrier panel comprising an electro-
optic material and a drive unit for addressing the electro-
optic material; wherein a first region of the panel has a
plurality of first electrodes, the first electrodes being inde-
pendently addressable from one another and comprising two
or more electrode portions extending along a first direction
and laterally spaced from one another along a second
direction different from the first direction, the electrode
portions of the first electrodes being arranged in a cyclic
arrangement; wherein a second region of the panel has a
plurality of second electrodes, the second electrodes being
independently addressable from one another and from the
first electrodes and comprising two or more electrode por-
tions extending along the first direction and laterally spaced
from one another along the second direction, the electrode
portions of the second electrodes being arranged in a cyclic
arrangement. The parallax barrier panel is configured in a
first mode to address, in use, the first and second electrodes
on the basis of at least one received drive signal such that:
the first electrodes define, in the first region of the panel, a
first parallax barrier array selected from a plurality of
predetermined parallax barrier arrays; and the second elec-
trodes define, in the second region of the panel, indepen-
dently of the first parallax barrier array, a second parallax
barrier array selected from the plurality of predetermined
parallax barrier arrays.

[0016] The term “addressing” as used herein refers to
applying voltages to one or more electrodes to define regions
of desired transmissivity (in general either maximally trans-
missive or maximally absorbing) in the electro-optic mate-
rial. In some cases the desired transmissivity may be
obtained by applying a zero voltage to one or more elec-
trodes; as used herein, the act of applying a voltage to an
electrode in order to obtain a region of desired transmissivity
in the electro-optic material is to be regarded as “address-
ing” the electrode, even if the applied voltage should be
Zero.

[0017] The present invention thus provides a reconfigu-
rable parallax barrier panel that can provide one parallax
barrier array on a first region of the panel and a second,
different parallax barrier array on a second region of the
panel (which may be adjacent to the first region). When the
parallax barrier panel is used in a display, this allows
improved control of the position (laterally with respect to the
centre of the panel, and/or perpendicular to the plane of the
panel) of the autostereoscopic viewing region of the display.
To obtain a good autostereoscopic 3-D viewing zone the
pitch of a parallax barrier would ideally vary over the width
of the parallax barrier panel as a function of viewing
distance. This is impracticable to obtain in a practical
parallax barrier panel, but the present invention can provide
a change in barrier pitch at the boundary between the first
region and the second region, and this effectively mimics a
pitch that varies over the width of the parallax barrier panel
as a function of viewing distance. In contrast, prior recon-
figurable parallax barriers provide a uniform parallax barrier
arrangement over the entire panel.

[0018] It should be understood that the invention is not
limited to a parallax barrier panel having exactly two
regions. A parallax barrier panel of the invention may have
one or more further regions, each having a respective
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plurality of electrodes that extend along the first direction,
that comprise two or more electrode portions, and that are
addressable independently from one another and indepen-
dently from the electrodes associated with other regions of
the panel.

[0019] The second parallax barrier array may be a trans-
lation of the first parallax barrier array in a direction crossed
with the first direction, and may be a translation of the first
parallax barrier array in the second direction. In a further
embodiment, every one of the predetermined parallax bar-
rier arrays may have the same pitch, the same gap between
adjacent barrier regions, and the same width of the barrier
regions as one another—with each pair of the predetermined
parallax barrier arrays being offset with respect to one
another along the second direction.

[0020] The parallax barrier panel may be configured, in a
second mode, to address the first and second electrodes on
the basis of at least one received second drive signal such
that: the first and second electrodes define a selected one of
the predetermined parallax barrier arrays in both the first
region and the second region of the panel. This provides a
uniform parallax barrier array across the entire active area of
the panel.

[0021] The parallax barrier panel may be configured to, in
a third mode, address the first and second electrodes on the
basis of at least one received third drive signal such that:
such that the panel provides substantially no imaging func-
tion. When a panel of this embodiment is incorporated in a
display, this allows the display to be operated in a conven-
tional 2D display mode. In the third mode, the first and
second electrodes may be addressed to define a substantially
uniform, non-zero transmissivity over the entire addressable
area of the panel, and for example such that the panel has
maximal transmissivity over the entire addressable area of
the panel.

[0022] The panel may further comprise first and second
substrates, the electro-optic material being disposed between
the first substrate and the second substrate; and at least some
of the first electrodes may be disposed on the first substrate
and at least others of the first electrodes may be disposed on
the second substrate. The electrodes associated with the
second region of the panel, and with any other further
region(s) (if present), may also be arranged with some
disposed on the first substrate and others disposed on the
second substrate

[0023] Electrodes on the first substrate may be offset along
the second direction with respect to the electrodes on the
second substrate, and may be offset along the second direc-
tion with respect to the electrodes on the second substrate by
substantially half the electrode pitch.

[0024] Alternatively, all the first electrodes may be dis-
posed on one of either the first or second substrate. The
electrodes associated with the second region of the panel,
and with any other further region(s) (if present), may also be
arranged to be all disposed on one of either the first or
second substrate.

[0025] It should be understood that a reference to an
electrode being “on” a substrate does not necessarily require
that the electrode is disposed directly on the substrate, and
there may be one or more intervening layers/structures
between an electrode and the substrate “on” which it is
provided.

[0026] Each first electrode portion may comprise first and
second parts offset from one another in the thickness direc-
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tion of the panel and offset from one another in the second
direction by a distance substantially equal to the electrode
gap. The electrodes associated with the second region of the
panel, and with any other further region(s) (if present), may
also comprise first and second parts offset from one another
in the thickness direction of the panel and offset from one
another in the second direction by a distance substantially
equal to the electrode gap.

[0027] Alternatively, a first subset of the first electrodes
may be disposed over the first substrate, an insulating layer
may be disposed over the first subset of the first electrodes,
and a second subset of the first electrodes may be disposed
over the insulating layer, first electrodes of the second subset
being offset, in the second direction, from first electrodes of
the first subset.

[0028] The width of a first electrode of the second subset
may be less than the width of a first electrode of the first
subset, and the width of a first electrode of the second subset
may be less than the gap between two neighbouring first
electrodes of the second subset.

[0029] The width of an electrode of the first subset of first
electrodes may be greater than the gap between two neigh-
bouring electrodes of the second subset of first electrodes.
[0030] A second aspect of the invention provides an
arrangement comprising a parallax barrier panel of the first
aspect and a control circuit for supplying one or more drive
signals to the parallax barrier panel. The control circuit may
be provided on the parallax barrier panel, or it may be
separate from, but electrically connectable to, the parallax
barrier panel.

[0031] A third aspect of the invention provides a display
comprising an image display panel; a parallax barrier panel
of the first aspect disposed in an optical path through the
image display panel; and a control circuit for supplying at
least one drive signal to the parallax barrier panel.

[0032] In the second and third aspect, the control circuit
may be constituted by individual, distributed control circuits
that, for example, each drive electrodes of one region of the
parallax barrier panel, or it may be constituted by a single
control circuit that drives electrodes of all regions of the
parallax barrier panel.

[0033] The image display panel may comprise a transmis-
sive panel, and the display may further comprise a backlight.
The parallax barrier panel may be disposed behind the image
display panel (to give a “rear barrier” arrangement), or it
may be disposed in front of the image display panel (that is
between the image display panel and an observer), to give a
“front barrier” arrangement.

[0034] Alternatively the image display panel may com-
prise an emissive panel. This embodiment requires that the
parallax barrier panel is disposed in front of the image
display panel.

[0035] The display may further comprise one or more
position sensors for determining the position of an observer.
The term “position” as used herein denotes the observer’s
position in the x- and/or z-directions, where the z-direction
is perpendicular to the display face of the display, and the
x-direction is a horizontal direction that is perpendicular to
the z-direction.

[0036] The drive unit may be adapted to address the first
and second electrodes in dependence on a determined posi-
tion of the observer. This can provide improved 3-D viewing
characteristics.

Jul. 19,2018

[0037] The control circuit may further comprise an opera-
tion processor for determining at least one drive signal for
the first and second electrodes based on a determined
position of the observer.

[0038] Alternatively the control circuit may further com-
prise: a memory storing a plurality of drive signals for the
first and second electrodes; and an operation processor for
retrieving at least one of the drive signals stored in the
memory based on a determined position of the observer.
[0039] In a display of the invention, the first region may
comprise 12 first electrodes; and the second region may
comprise 12 second electrodes. The parallax barrier panel
may further comprise third to ninth regions, the third to ninth
regions having 12 third to ninth electrodes respectively for
addressing the electro-optic material, the electrodes of the
p” (1=p=9) region being independently addressable of one
another and of the electrodes of the p'” (1=p'=9, p=p'). The
third to ninth electrodes of, respectively, the third to ninth
regions may each comprise two or more electrically con-
nected electrode portions extending along the first direction
and laterally spaced from one another along the second
direction, the electrode portions of the p™ (1=p=9) electrodes
being arranged in a cyclic arrangement.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIG. 1: Front barrier autostereoscopic display
device
[0041] FIG. 2: Rear barrier autostercoscopic display
device
[0042] FIG. 3: Sectional view of an autostereoscopic

display device (prior art)

[0043] FIG. 4: Sectional view of an autostereoscopic
display device

[0044] FIG. 5: Relationship between electrode positions
[0045] FIG. 6: A liquid crystal parallax barrier

[0046] FIG. 7: A liquid crystal parallax barrier
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[0048] FIG. 9: Illustration of a 3D viewing zone

[0049] FIG. 10: Hlustration of a 3D viewing zone

[0050] FIG. 11: Tlustration of an effective 3D viewing
zone

[0051] FIG. 12: A multi-region switchable liquid crystal

parallax barrier (side view)

[0052] FIG. 13: A multi-region switchable liquid crystal
parallax barrier (front view)

[0053] FIG. 14: Electrode arrangement on the first sub-
strate pertaining to the first region.

[0054] FIG. 15: Electrode arrangement on the second
substrate pertaining to the first region.

[0055] FIG. 16: Slit patterns for various head positions
[0056] FIG. 17: Block diagram showing a functional con-
figuration of an autostereoscopic display device

[0057] FIG. 18: Block diagram showing a functional con-
figuration of an autostereoscopic display device

[0058] FIG. 19: Flowchart of a process performed by the
autostereoscopic display device

[0059] FIG. 20: Sectional view of a dual layer electrode
structure
[0060] FIG. 21: Electrode configuration showing the

boundary between a first region and a second region
[0061] FIG. 22: Sectional view of a single layer electrode
structure
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[0062] FIG. 23: Sectional view of a dual layer electrode
structure

[0063] FIG. 24: Sectional view of a dual layer electrode
structure

[0064] FIG. 25: A dual layer electrode liquid crystal par-
allax barrier

[0065] FIG. 26: A dual layer electrode liquid crystal par-
allax barrier

[0066] FIG. 27: A dual layer electrode liquid crystal par-
allax barrier

[0067] FIG. 28: Sectional view of a dual layer electrode
structure

[0068] FIG. 29: Sectional view of a dual layer electrode
structure

DESCRIPTION OF EMBODIMENTS

[0069] Below with reference to the accompanying draw-
ings, will be described in detail, embodiments of the present
invention. The same reference numerals are given to the
same or corresponding portions in the drawings, and the
description of a component that is used in multiple embodi-
ments will not be repeated for each embodiment. In order to
simplify the explanation, in the drawings referred to below,
an illustrated configuration may be simplified or a portion of
the component may be shown as schematic or omitted. The
dimensional ratios between the components shown in the
figures are not necessarily related to the actual dimension
ratio.

[0070] FIG. 1 shows an autostereoscopic display device 1
which includes an image display panel 10 and a switchable
liquid crystal parallax barrier panel 20. The image display
panel 10 may be a liquid crystal display (LCD) or an Organic
Light Emitting Display (OLED) etc. If the image display
panel 10 is a liquid crystal display (LLCD) then a backlight
unit 300 is used. The liquid crystal parallax barrier panel 20
may be disposed on the viewing side 90 of the autostereo-
scopic display device 1 (i.e. a front barrier system). The
switchable liquid crystal parallax barrier panel 20 may be
switched to perform a parallax barrier function which directs
a first image from the image display panel 10 to the left eye
90L, and directs a second image from the image display
panel 10 to the right eye 90R to enable the viewing of an
autostereoscopic 3D image. The switchable liquid crystal
parallax barrier panel 20 may be switched to perform no
parallax barrier function which does not direct light so that
the same 2D image is simultaneously visible to both the left
eye 90L and the right eye 90R. In the 2D mode, the
switchable liquid crystal parallax barrier panel 20 is sub-
stantially transparent (i.e. has a transparency of >75% and
preferably >90% for correctly polarised light).

[0071] FIG. 2 shows an autostercoscopic display device 1
which includes an image display panel 10 and a switchable
liquid crystal parallax barrier panel 20. The image display
panel 10 may be a liquid crystal display (LCD) or an Organic
Light Emitting Display (OLED) etc. If the image display
panel 10 is a liquid crystal display (LLCD) then a backlight
unit 300 is used. The image display panel 10 may be
disposed on the viewing side 90 of the autostereoscopic
display device 1 (i.e. a rear barrier system). The switchable
liquid crystal parallax barrier panel 20 may be switched to
perform a parallax barrier function which directs a first
image from the image display panel 10 to the left eye 90L
and directs a second image from the image display panel 10
to the right eye 90R to enable the viewing of an autoste-
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reoscopic image. The switchable liquid crystal parallax
barrier panel 20 may be switched to perform no parallax
barrier function which does not direct light so that the same
2D image is simultaneously visible to both the left eye 90L
and the right eye 90R. In the 2D mode, the switchable liquid
crystal parallax barrier panel 20 is substantially transparent.

[0072] Unless stated otherwise, all subsequent embodi-
ments are written in relation to FIG. 2 where the image
display panel 10 is disposed on the viewing side 90 of the
autostereoscopic display device 1 but it will be appreciated
that the liquid crystal parallax barrier panel 20 may alter-
natively be disposed on the viewing side 90 of the autoste-
reoscopic display device. Unless stated otherwise, for all
subsequent embodiments the image display panel 10 is a
liquid crystal display panel, but in principle any suitable
emissive or transmissive display panel may be used (with a
transmissive display panel requiring a backlight).

[0073] FIG. 3 is a schematic sectional view showing a
conventional autostereoscopic display device 1. Autostereo-
scopic display device 1 may include an image display panel
10, a switchable liquid crystal parallax barrier panel 20 and
a bonding resin 30. The image display panel 10 and the
switchable liquid crystal parallax barrier panel 20 are
arranged to overlap and the image display panel 10 is on the
observer 90 side. The image display panel 10 and the
switchable liquid crystal parallax barrier panel 20 are
bonded by an adhesive resin 30. The image display panel 10
may include a TFT (Thin Film Transistor) substrate 11, a CF
(Colour Filter) substrate 12, a liquid crystal layer 13, and
polarising plates 14 and 15. Image display panel 10 controls
the TFT substrate 11 and the CF substrate 12, to manipulate
the orientation of the liquid crystal molecules of the liquid
crystal layer 13 in order to yield an image by adjusting the
amount of light transmitted through each pixel. The back-
light unit 300 is not shown. Switchable liquid crystal par-
allax barrier panel 20 includes a first substrate 21, a second
substrate 22, a liquid crystal layer 23, and a polarizing plate
24. Liquid crystal layer 23 is sandwiched between the first
substrate 21 and the second substrate 22.

[0074] FIG. 4 is a further schematic sectional view show-
ing an autostereoscopic display device 1. The first substrate
21 and the second substrate 22 include a plurality of inde-
pendently addressable electrodes, labelled E1, E2, E3, E4,
E5, E6, E7, E8, E9, E10, E11 and E12. Each electrode
comprises two or more electrode portions that extending into
the plane of the paper in FIG. 4, and that are laterally spaced
from one another (along the horizontal axis in FIG. 4). Thus,
two portions with the same labelling in FIG. 4 are portions
of the same electrode and are electrically connected
together—the two portions labelled “E4” in FIG. 4 are
portions of the same electrode, the two portions labelled
“E10” in FIG. 4 are portions of the same electrode, and so
on. An electrode with three portions would be generally
“E”-shaped in plan view, and an electrode with more than
three portions would be generally comb-shaped in plan view.
The first substrate 21 includes a single layer of indepen-
dently addressable electrodes, labelled E7, E8, E9, E10, E11
and E12, whose electrode portions are in a cyclic arrange-
ment (i.e. a portion of electrode E7 is adjacent to a portion
of electrode E8 and a portion of electrode E12). The second
substrate 22 includes a single layer of independently
addressable electrodes, labelled E1, E2, E3, E4, ES and E6,
whose electrode portions are in a cyclic arrangement (i.e. a
portion of electrode E1 is adjacent to a portion of electrode
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E2 and a portion of electrode E6). In other words, a different
voltage may be applied to (addressed to) each of the elec-
trodes labelled E1 to E12 i.e. each electrode labelled E1 to
E12 may be independently controlled. Electrodes labelled
E1 to E12 are a group of electrodes. There may be more than
12 electrodes in a group, which may enable better head
tracking accuracy. There may be fewer than 12 electrodes in
a group, which may enable simpler drive electronics. The
use of 12 electrodes in a group was found to be a good
balance between tracking accuracy and complexity. Unless
stated otherwise, for all subsequent embodiments it is
assumed there are 12 electrodes in a group. The electrodes
(E1 to E12) may be evenly spaced apart.

[0075] Unless stated otherwise, for all subsequent elec-
trode descriptions it is assumed the electrodes are configured
according to either FIG. 4 or FIG. 20 with electrodes E7, E8,
E9, E10, E11 and E12 deposited on the first substrate 21 in
a cyclic arrangement and electrodes E1, E2, E3, E4, E5 and
E6 deposited on the second substrate 22 in a cyclic arrange-
ment. The group pitch, ¢, of the independently addressable
electrode group is shown in FIG. 4 and FIG. 20. (The group
pitch ¢ of the electrodes on the first substrate is the same as
the group pitch ¢ of the electrodes on the second substrate.)
The size of the pixel pitch PP for a pixel of the image display
panel 10 is also shown in FIG. 4. In the autostereoscopic 3D
mode, alternate pixels may be addressed with a left eye
image (L) and a right eye image (R). Two times pixel pitch
(2*PP) is approximately equal to the electrode group pitch
(p). More precisely, for a rear barrier autostereoscopic
display device 1, @=2PP/Vd(Vd+s/n) where Vd is the
desired viewing distance, s is the separation from the image
display panel layer 13 to the switchable liquid crystal layer
23 of the parallax barrier and n is the average refractive
index between the image display panel layer 13 to the
switchable liquid crystal layer 23 parallax barrier.

[0076] With reference to FIG. 5, the width, W, of each
electrode may be the same for each electrode or alternatively
may vary from one electrode to another depending upon the
position relative to the image display 10. Unless stated
otherwise, the width, W, of each electrode is assumed to be
the same for each electrode in all subsequent embodiments.
With reference to FIG. 5, the gap, G, between two adjacent
electrodes may be the same for each pair of adjacent
electrodes or alternatively may vary from one electrode pair
to another depending upon the position relative to the image
display 10. Unless stated otherwise, the gap, G, is assumed
to be the same for each pair of adjacent electrodes in all
subsequent embodiments. With reference to FIG. 5, the
Electrode Pitch, EP is equal to G+W and may be the same
for each electrode or alternatively may vary from one
electrode to another depending upon the position relative to
the image display 10. Unless stated otherwise, the Electrode
Pitch, EP, is assumed to be the same for each electrode in all
subsequent embodiments. With reference to FIG. 4, FIG. 5
and FIG. 20 the electrode group pitch, ¢, is equal to 6*EP.
The electrode group pitch, ¢, may be the same for each
electrode group or may vary from one electrode group to
another depending upon the position relative to the image
display 10. Unless stated otherwise, the electrode group
pitch, @, is assumed to be the same for each electrode group
in all subsequent embodiments. With reference to FIG. 5 and
FIG. 20, the electrodes on the first substrate 21 may be offset
from the electrodes on the second substrate 22 by a constant
equal to or substantially equal to (i.e. within 10 um and
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preferably within 5 pum), EP/2. Since the width of each
electrode (W) and the gap (G) between each electrode is
defined via a photolithographic process, the width of each
electrode (W) and the gap (G) between each electrode and
the electrode pitch (EP) and the group pitch (@) cannot be
changed dynamically. In other words, the distances W, G, EP
and ¢ are fixed according to a particular design and said
distances may not be actively controlled.

[0077] The electrode configuration shown in FIG. 4 and
FIG. 5 is just one example of an electrode configuration
compatible with the invention. Alternative to FIG. 4 and
FIG. 5 and with reference to FIG. 22 the independently
addressable electrodes (E1 to E12) may be deposited on the
second substrate 22 only and a common electrode deposited
on the first substrate 21. The first substrate 21 may be
disposed on the viewing side 90 of the autostereoscopic
display device 1 or the second substrate 22 may be disposed
on the viewing side 90 of the autostereoscopic display
device 1. Alternative to FIG. 4 and FIG. 5§ and with reference
to FIG. 22, all the independently addressable electrodes (E1
to E12) may be deposited in a cyclic arrangement on the
second substrate 22 only and a common electrode, ECOM,
deposited on the first substrate 21. Note: electrodes E10, 11
and 12 are not shown in FIG. 22. A parallax barrier may be
formed in the switchable liquid crystal parallax barrier panel
20 by application of voltages to the independently address-
able electrodes (E1 to E12) and the common electrode,
ECOM. Depositing the independently addressable elec-
trodes (E1 to E12) in a cyclic arrangement on a single
substrate only (either the first substrate 21 or the second
substrate 22) has the advantage of cheaper manufacturing. If
there are 12 independently addressable electrodes deposited
on a single substrate only in a cyclic arrangement as
described above then electrode E1 is adjacent to electrodes
E2 and E12.

[0078] Alternative to FIG. 4 and FIG. 5, a dual layer of
electrodes may be used for the liquid crystal parallax barrier
panel 20. An example of dual layer electrodes is shown in
FIG. 20. With reference to FIG. 20, the first substrate 21 has
a dual layer electrode structure and the second substrate 22
has a dual layer electrode structure. The first substrate 21
includes a first layer of independently addressable electrodes
each formed of multiple electrode portions (E7 to E12)
deposited upon the first substrate 21 in a cyclic arrangement,
an insulating layer 25 deposited upon the first layer of
independently addressable electrodes, and a second layer of
independently addressable electrodes each formed of mul-
tiple electrode portions (E7 to E12) deposited upon the
insulting layer 25 in a cyclic arrangement. That is, each
electrode portion is formed in two parts that are offset from
one another in the thickness direction of the panel and offset
from one another in lateral direction. The two parts of an
electrode portion are electrically connected together—elec-
trode portion En pertaining to the first layer is electrically
connected to electrode portion En pertaining to the second
layer, where n is an integer. An example of the independently
addressable electrode E11 pertaining to the first layer of the
first substrate 21 is shown by reference 26 in FIG. 20. An
example of the independently addressable electrode E11
pertaining to the second layer of the second substrate is
shown by reference 27 in FIG. 20. The first layer electrodes
of the first substrate 21 may be offset from the second layer
of electrodes of the first substrate by an amount equal to, or
substantially equal to (i.e. within 6 um and preferably within
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4 um), G, the electrode gap so that, when seen from a
direction perpendicular to the substrate, a second layer
electrode portion (e.g. the second layer electrode portion
E11 (27)) fills, or substantially fills, the gap between the
corresponding first layer electrode portion and the neigh-
bouring first layer electrode portion (e.g. the gap between
the first layer electrode portion E11 (26) and the neighbour-
ing first layer electrode portion E10). This ensures that there
is little or no gap between dark regions defined by adjacent
electrode portions (e.g., little or no gap between a dark
region defined by the electrode portions E11 (26,27) and a
dark region defined by the electrode portions E10), thereby
improving the quality of the resultant parallax barrier. Simi-
larly, the first layer electrodes of the second substrate 22 may
be offset from the second layer of electrodes of the second
substrate by an amount equal to, or substantially equal to
(ie. within 6 pm and preferably within 4 pm), G, the
electrode gap. The insulating layer 25 (located between the
first layer of independently addressable electrodes and the
second layer of independently addressable electrodes) pre-
vents electrical contact between the first layer of indepen-
dently addressable electrodes and the second layer of inde-
pendently addressable electrodes in the image display area
(i.e. the area of the autostereoscopic display device 1 that
displays an image). The insulating layer 25 may be, for
example, Silicon Nitride (SiNx) and may have a thickness in
the range 150 nm to 300 nm.

[0079] Alternative to FIG. 4 and FIG. 5, and with refer-
ence to FIG. 23, all the independently addressable electrodes
(E1 to E12) may be deposited in a cyclic arrangement in a
dual electrode layer structure on the second substrate 22
only and a common electrode, ECOM, deposited on the first
substrate 21. The first substrate 21 may be disposed on the
viewing side 90 of the autostereoscopic display device 1 or
the second substrate 22 may be disposed on the viewing side
90 of the autostereoscopic display device 1. In FIG. 23 the
second substrate 22 includes a first layer of independently
addressable electrodes each formed of multiple electrode
portions (E1 to E12) deposited upon the first substrate 22 in
a cyclic arrangement, an insulating layer 25 deposited upon
the first layer of independently addressable electrodes, and
a second layer of independently addressable electrodes each
formed of multiple electrode portions (E1 to E12) deposited
upon the insulting layer 25 in a cyclic arrangement elec-
trodes E10, 11 and 12 are not shown in FIG. 23. A parallax
barrier may be formed in the switchable liquid crystal
parallax barrier panel 20 by application of voltages to the
independently addressable electrodes (E1 to E12) and the
common electrode, ECOM. If there are 12 independently
addressable electrodes deposited on a single substrate only
in a cyclic arrangement as described above then electrode E1
is adjacent to electrodes E2 and E12. For the reasons
described with reference to FIG. 20, the first layer electrodes
of the second substrate may be offset from the second layer
of electrodes by an amount equal to, or substantially equal
to (i.e. within 6 um and preferably within 4 um), G, the
electrode gap.

[0080] The electrical connection of an electrode portion in
the first layer of electrode portions with the corresponding
electrode portion in the second layer of electrode portions
occurs outside of the image display area. The electrical
connection of the first layer of electrode portions with the
second layer of electrode portions is not shown in FIG. 20.
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Electrode portion En has a width W and gap G between
neighbouring electrode portions of the same layer of elec-
trode portions.

[0081] With reference to FIG. 20, the width W of each
independently addressable electrode pertaining to the first
layer on a substrate may be the same as, or may be different
from, the width W of other independently addressable
electrodes pertaining to the first layer on that substrate. The
gap G between an adjacent pair of independently address-
able electrodes (for example, E9 and E10) pertaining to the
first layer on a substrate may be the same as, or may be
different from, the gap G between other adjacent pairs of
independently addressable electrodes pertaining to the first
layer on that substrate. The width W of each independently
addressable electrode pertaining to the second layer on a
substrate may be the same as, or may be different from, the
width W of other independently addressable electrodes
pertaining to the second layer on that substrate. The gap G
between an adjacent pair of independently addressable elec-
trodes (for example, E8 and E9) pertaining to the second
layer on a substrate may be the same as, or may be different
from, the gap G between other adjacent pairs of indepen-
dently addressable electrodes pertaining to the second layer
on that substrate. The width W of each independently
addressable electrode pertaining to the first layer on a
substrate may be the same as, or may be different from, the
width W of other independently addressable electrodes
pertaining to the second layer on that substrate. The gap G
between an adjacent pair of independently addressable elec-
trodes (for example, E9 and E10) pertaining to the first layer
on a substrate may be the same as, or may be different from,
the gap G between other adjacent pairs of independently
addressable electrodes pertaining to the second layer on that
substrate (for example E8 and E9).

[0082] The first layer of independently addressable elec-
trodes on a substrate may be offset from the second layer of
independently addressable electrodes on that substrate in
order to effectively remove the gap G that exists between
electrodes that exists for a non-dual layer electrode configu-
ration. In other words, the first layer of independently
addressable electrodes on a substrate may be offset from the
second layer of independently addressable electrodes on that
substrate by an amount G to effectively remove the gap G.
With reference to FIG. 20, the left most edge of electrode
E12 pertaining to the first layer is laterally coincident with
the right most edge of electrode E7 pertaining to the second
layer. With reference to FIG. 20, the right most edge of
electrode E12 pertaining to the second layer is laterally
coincident with the left most edge of electrode E11 pertain-
ing to the first layer. If electrode E12 of the first layer is
electrically connected to electrode E12 of the second layer,
then E12 may be considered as a single electrode of width
EP. In other words, the electrode pitch effectively contains
no gaps between the independently addressable electrodes.
For example and with reference to FIG. 20, there is effec-
tively no gap between electrode E12 and electrode E7.

[0083] With reference to FIG. 20, the arrangement of dual
layer electrodes (E1 to E6) on the second substrate 22 may
be configured in a similar manner to the arrangement of dual
electrodes on the first substrate 21. The electrode pitch EP
pertaining to the electrodes of the first substrate 21 may be
offset from the electrode pitch EP pertaining to the elec-
trodes of the second substrate 22 by an amount equal to or
substantially equal to (i.e. within 10 pm and preferably
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within 5 um) EP/2 as shown in FIG. 20. A dual layer
electrode configuration may be used on the first substrate
only and a common electrode used on the second substrate.
A dual layer electrode configuration may be used on the
second substrate only and a common electrode used on the
first substrate, as shown in FIG. 23. A dual layer electrode
configuration may be used on both the first and second
substrates as shown in FIG. 20.

[0084] It should be noted that, in principle, in the embodi-
ment of FIG. 20 or 23 the width of an electrode portion of
the second layer (such as electrode portion E11 (27) of the
second layer) could be made as small as the gap between the
corresponding electrode portion of the first layer and the
adjacent electrode portion of the first layer (such as as the
gap between the electrode portion E11 (26) of the first layer
and the adjacent electrode portion E10 of the first layer), as
this is sufficient to effectively remove the gap that exists
between adjacent electrode portions of the first layer. In
practice, however, it may be convenient to define the two
layers of electrode portions on a substrate using the same
mask, in which case the width of an electrode portion of the
second layer is the same (within manufacturing tolerances)
as the width of the corresponding electrode plortion of the
first layer.

[0085] An advantage of the dual layer electrode configu-
ration (FIG. 20) is that it may enable higher quality 3D
(lower optical 3D crosstalk) than a single layer electrode
configuration (FIG. 4). The dual layer electrode configura-
tion of electrodes effectively eliminates the gap, G, between
the independently addressable electrodes to enable higher
quality 3D (lower optical 3D crosstalk). This is explained
with reference to FIG. 6 and FIG. 7. In FIGS. 6 and 7, the
barrier BR appears continuous until a slit SL is reached, but
FIG. 6 and FIG. 7 do not show accurately the impact of a
finite gap G on the barrier BR. More accurately and, not
shown in FIG. 6 and FIG. 7, the barrier BR may have very
small slit SL. areas that occur at the gap G between adjacent
independently addressable electrodes. These unwanted very
small slit SL areas (not shown) that puncture the barrier area
BR give rise to unwanted optical 3D crosstalk. These very
small transmissive slit areas in the barrier area may be
eliminated if the dual layer electrode configuration of FIG.
20 is used, owing to the offset between the first layer of
independently addressable electrodes and the second layer
of independently addressable electrodes. A disadvantage of
the dual electrode layer configuration of electrodes is that it
may be more expensive to fabricate than a single electrode
layer configuration.

[0086] FIG. 4 and FIG. 20 both show a liquid crystal
parallax barrier panel 20. Although the details of the elec-
trode configuration shown in FIG. 20 is different from the
electrode configuration shown in FIG. 4, for all subsequent
embodiments the liquid crystal parallax barrier panel 20
pertaining to FIG. 4 and FIG. 20 are effectively interchange-
able.

[0087] With reference to FIG. 6, a parallax barrier may be
formed in the switchable liquid crystal parallax barrier panel
20 by application of voltages to the independently address-
able electrodes (E1 to E12). FIG. 6 is drawn in relation to
FIG. 4 but is also applicable to FIG. 20. The parallax barrier
includes a non-transmissive area, henceforth referred to as
the barrier, BR, and a transmissive area, henceforth referred
to as the slit, SL.. (In practice the non-transmissive area or
“barrier” will not be completely opaque and the transmissive
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area or “slit” will not be completely transmissive, and these
areas should more properly be referred to as “minimally
transmissive” and “maximally transmissive” areas. How-
ever, the terms “non-transmissive” and “transmissive” are
used for convenience.) In one example the barrier BR may
be formed via the application of a potential difference
between the electrodes on the first substrate 21 and the
electrodes on the second substrate 22 in combination with
the polarisers 14 and 24 (not shown, but shown in FIG. 4).
In other words in this example the switchable liquid crystal
parallax barrier panel 20 is a normally white mode. Alter-
natively the slit SL. may be formed via the application of a
potential difference between the electrodes on the first
substrate 21 and the electrodes on the second substrate 22 in
combination with the polarisers 14 and 24 (not shown). In
other words, in this alternative example the switchable
liquid crystal parallax barrier panel 20 is a normally black
mode. Unless stated otherwise, for all subsequent embodi-
ments it is assumed that the switchable liquid crystal par-
allax barrier panel 20 is a normally white mode.

[0088] FIG. 6 shows that a first voltage is applied to the
electrodes 9, E8 and E7 and a second voltage is applied to
the remaining electrodes E1, E2, E3, E4, E5, E6, E10, E11
and E12. The potential difference between the first voltage
and the second voltage in combination with the polarisers 14
and 24 (not shown) is sufficient to make a barrier (non-
transmissive area). The switchable liquid crystal parallax
barrier panel 20 may be a 90° Twisted Nematic mode. The
potential difference between the first voltage and the second
voltage may be in the range 2.5V to 9V. The potential
difference between the first voltage and the second voltage
may be in the range 4V to 6V. Unless stated otherwise, for
all subsequent embodiments it is assumed that the second
voltage is grounded, i.e. OV.

[0089] FIG. 6 shows the barrier (BR) width is approxi-
mately equal to the slit (SL) width which is approximately
equal to the width of 3*EP. Alternatively the barrier width
may be made approximately equal to 4*EP for example by
applying the first voltage to the electrodes E10, E9, E8 and
E7 and applying a second voltage to the remaining elec-
trodes E1, E2, E3, E4, E5, E6, E11 and E12. Alternatively
the barrier width may be made approximately equal to 2*EP
for example by applying the first voltage to the electrodes E8
and E7 and applying a second voltage to the remaining
electrodes E1, E2, E3, E4, E5, E6, E9, E10, E11 and F12.
Unless stated otherwise, for all subsequent embodiments it
is assumed that the barrier (BR) width is approximately
equal to the slit (SL) width which is approximately equal to
the width of 3*EP, as shown in FIG. 6.

[0090] FIG. 7 shows a first voltage applied to, or
addressed to, the electrodes E3, E2 and E1 and a second
voltage is applied to, or addressed to, the remaining elec-
trodes E4, E5, E6, E7, E8, E9, E10, E11 and F12. FIG. 7 is
drawn in relation to FIG. 4 but is also applicable to FIG. 20.
The potential difference between the first voltage and the
second voltage in combination with the polarisers 14 and 24
(not shown) is sufficient to make a barrier BR (non-trans-
missive area). FIG. 7 shows that the position of the barrier
(BR) area and the position of the slit (SL) area have moved
by a distance approximately equal to EP/2 relative to the
position of the barrier (BR) area and the position of the slit
(SL) area shown in FIG. 6.

[0091] For the electrode arrangement of FIG. 6 and FIG.
7, the slit (SL) position has 12 unique locations. Each slit
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position has an associated slit position number. With refer-
ence to FIG. 6, we define the slit position number as equal
to 9. With reference to FIG. 7 we define the slit position
number as equal to 10. The full relationship between Slit
Position Number and Electrode value is shown in FIG. 8.
With reference to FIG. 8, a “0” denotes the second voltage
and takes the value of OV (i.e. the electrode is turned off).
With reference to FIG. 8, a “1” denotes the first voltage and
takes the value of V volts which may be in the range 2.5V
to 9V (i.e. the electrode is turned on). With reference to FIG.
8, the slit position numbers are cyclical and therefore the slit
position associated with slit position number 1 is adjacent to
the slit positions described by the slit position numbers 2 and
12.

[0092] In the following description it will be assumed that
the electrode portions are arranged in the same cyclic
arrangement in every region of the parallax barrier panel,
namely in the cyclic arrangement shown in FIGS. 4, 6 and
7. If this is not the case, and electrode portions in one region
should be arranged in a different cyclic arrangement to
electrode portions in another region, this difference in the
same cyclic arrangement between regions can be compen-
sated for during addressing of the parallax barrier panel.

[0093] With reference to FIG. 4, FIG. 20, FIG. 6, FIG. 7,
FIG. 8 and the prior arts (especially WO 2014136610 Al),
a switchable liquid crystal parallax barrier panel 20 may be
used in conjunction with an image display panel 10, a
camera, face/head/eye tracking software and a control unit to
steer a left image to the left eye 90L and right image to the
right eye 90R to enable viewing of high quality 3D images
for a large range of lateral head movements. In essence, as
the user moves left or right, the face/head/eye tracking
software recognises the change in the user’s lateral position
and sends information to the control unit which switches on
the appropriate electrodes to enable viewing of high quality
3D images.

[0094] FIG. 9 shows a representation of the 3D viewing
zone 70 for an on-axis viewer of the autostereoscopic
display device 1 (i.e. the viewer’s head position is positioned
in the middle of the autostereoscopic display device 1 as
shown by the dashed line that bisects the eyes 90R and 90L).
The extent of the 3D viewing zone 70 (the shaded area) may
be calculated exactly via optical modelling software, for
example, using ray tracing software. The lateral and longi-
tudinal extent of the 3D viewing zone 70 shown in FIG. 9
is drawn for illustrative purposes only in order to teach the
reader about the invention. When both the user’s eyes (90R
and 90L) are located within the 3D viewing zone 70, the user
may view high quality 3D images. The right eye image
shown on the image display panel 10 is directed to the right
eye 90R of the viewer with the switchable liquid crystal
parallax barrier panel 20. The left eye image shown on the
image display panel 10 is directed to the left eye 90L of the
viewer with the switchable liquid crystal parallax barrier
panel 20. With reference to FIG. 8, the 3D viewing zone 70
for a single slit position number is illustrated in FIG. 9. If the
viewer moves left or right (lateral movement) so that at least
one eye is outside the 3D viewing zone 70 then low quality
3D images will be perceived since left eye image will be
perceived by the right eye 90R and vice versa. To prevent
this, if the viewer moves left or right (lateral movement), the
slit position number (and hence the electrode voltages) may
be changed so that the 3D viewing zone 70 always encom-
passes both eyes and high quality 3D viewing is maintained
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(i.e. a head/face/eye tracking system is used). In general, the
lateral width of the autostereoscopic display device 1 is
represented by ADDW and specific to FIG. 9 the lateral
width of the autostereoscopic display device 1 is represented
by ADDW1. The electrode group pitch (¢) may be chosen
to provide an optimal 3D viewing distance as shown by
Vdé61 using the equation ¢=2PP/Vd(Vd+s/n). FIG. 9 shows
that with the viewer at viewing distance Vdé1, some lateral
head movement can be tolerated for the same slit position
number while maintaining high quality 3D image. FIG. 9
shows that with the viewer at viewing distance Vd60 or
Vd62, no lateral head movement can be tolerated for the
same slit position number while maintaining high quality 3D
image. FIG. 9 illustrates that there is a minimum viewing
distance Vd60 and a maximum viewing distance Vd62. For
practical purposes, the minimum viewing distance Vd60
may be slightly closer to the optimum viewing distance
Vdé61 than illustrated by FIG. 9. For practical purposes, the
maximum viewing distance Vd62 may be slightly closer to
the optimum viewing distance Vdé61 than illustrated by FIG.
9. For simplicity, it will be assumed that Vd60 is the
minimum viewing distance and Vd62 is the maximum
viewing distance. In general, the difference between the
maximum viewing distance Vd62 and the minimum viewing
distance Vd60 is the longitudinal viewing distance range
VdR (i.e. VdR=Vd62-Vd60) and specific to FIG. 9 the
longitudinal viewing distance range is VdR1. The size of the
longitudinal viewing distance range VdR is a function of the
many parameters. Two of the parameters that determine the
size of VdR are the autostereoscopic display device width
ADDW (lateral width) and the optimum viewing distance
Vdé61. As illustrated by FIG. 9, a first viewing distance range
VdR1 may be achieved for a given optimum viewing
distance Vdé61 and a given autostereoscopic display device
width ADDW1.

[0095] FIG. 10 shows a representation of the 3D viewing
zone 70 for an on-axis viewer of an autostereoscopic display
device 1 and is essentially the same as that described in FIG.
9. The optimum viewing distance Vdé1 shown in FIG. 10 is
the same as the optimum viewing distance Vd61 shown in
FIG. 9. The autostereoscopic display device width ADDW2
in FIG. 10 is larger than the autostereoscopic display device
width ADDW1 FIG. 9. The effect of increasing the width of
the autostereoscopic display device from ADDWI1 to
ADDW?2 decreases the longitudinal viewing distance range
VdR (i.e. the maximum viewing distance Vd62 minus the
minimum viewing distance Vd60 has decreased). As illus-
trated by FIG. 10, a second viewing distance range VdR2
may be achieved for a given optimum viewing distance
Vd61 and a given autostereoscopic display device width
ADDW?2. For many applications, the desired optimum view-
ing distance Vd61 and the desired autostereoscopic display
device width ADDW conspire to yield a longitudinal view-
ing distance range VdR that is insufficiently small.

[0096] It has been reported in the prior arts that the
effective longitudinal viewing distance range VdR may be
increased by actively controlling the electrode group pitch
() of the switchable liquid crystal parallax barrier panel 20
by actively controlling the width of each electrode (W)
and/or controlling the gap between each electrode (G) so
that for a given head position, a high quality 3D image is
observed. With reference to the equation @=2PP/Vd(Vd+s/
n), it is clear that actively controlling the electrode group
pitch () enables control over the optimum viewing distance
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Vd (i.e. Vd61). However, since the electrode width (W), the
electrode gap (G) and the electrode group pitch (¢) are
defined by photolithographic processes according to a par-
ticular design the optimum viewing distance Vd cannot be
actively adjusted using conventional art.

[0097] A surprising experimental result was found that has
enabled the effective longitudinal viewing distance range
VdR to be increased significantly using a parallax barrier
design and method that does not actively control the elec-
trode group pitch (). This surprising experimental result
has enabled the design of a new type of switchable liquid
crystal parallax barrier panel 20. The new type of switchable
liquid crystal parallax barrier panel 20 enables a larger
longitudinal viewing distance range VdR to be realised and
thus high quality 3D images may be viewed for a wide
variety of head positions. The new type of liquid crystal
parallax barrier panel 20 is a multi-region liquid crystal
parallax barrier panel 200. With reference to FIG. 11, the
multi-region liquid crystal parallax barrier panel 200 enables
the 3D viewing zone 70 to be moved in a lateral (left and
right) direction and in a longitudinal (forward and back-
ward) direction thus enabling a large effective 3D viewing
zone 71 in both the lateral and longitudinal directions. The
shape of the effective 3D viewing zone 71 shown in FIG. 11
is for illustrative purposes only. The shape of the effective
3D viewing zone 71 may be square, rectangular, trapezoidal
etc. For any given head position, the 3D viewing zone 70
may be relatively small but the ability of the multi-region
liquid crystal parallax barrier panel 200 to move the 3D
viewing zone 70 left, right, forward and backward creates a
large effective 3D viewing zone 71.

[0098] In contrast to a multi-region liquid crystal parallax
barrier panel 200 of the invention, a single region liquid
crystal parallax barrier panel with multiple independent
electrodes enables the 3D viewing zone 70 to be moved in
a lateral (left and right) direction only and consequently a
large effective 3D viewing zone 71 may be realised in the
lateral direction but not in the longitudinal direction. The
multi-region liquid crystal parallax barrier panel 200 is
advantageous over a single region liquid crystal parallax
barrier panel because it enables a larger effective 3D viewing
zone 71 in the longitudinal direction.

[0099] An example of a multi-region switchable liquid
crystal parallax barrier panel 200 that has 9 regions is shown
in FIG. 12 (side view) and FIG. 13 (front view). With
reference to FIG. 13 (front view) the height of the viewable
area of the multi-region switchable liquid crystal parallax
barrier panel 200 is shown by ADDH and the width of the
multi-region switchable liquid crystal parallax barrier panel
200 is shown by ADDW, ADDW2. With reference to FIG.
13 (front view) the area defined by ADDWxADDH is the
viewable area of the autostereoscopic display device 1 (i.e.
the plane of the viewable area of the autostereoscopic
display device 1 is coincident with the plane of the page).
With reference to FIG. 12 and FIG. 13, region 1 is labelled
as “R1”, region 2 is labelled “R2” etc. In general, region p
is labelled “Rp” where p is an integer. The multi-region
switchable liquid crystal parallax barrier panel 200 may
have more than 9 regions. The multi-region switchable
liquid crystal parallax barrier panel 200 may have fewer than
9 regions. A first advantage of having a greater number of
regions enables higher quality 3D image to be perceived by
the viewer (i.e. greater accuracy in directing a left image to
the left eye 90L and a right image to the right eye 90R, in
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other words, lower 3D crosstalk). A second advantage of
having a greater number of regions enables a larger effective
3D viewing zone 70, especially in the longitudinal direction.
An advantage of having fewer regions enables a simpler
autostereoscopic display device 1 (simpler drive electronics,
simpler implementation etc.). The use of 9 regions was
found to be a good compromise between 3D image quality,
effective 3D viewing zone size and simplicity of design for
an autostereoscopic display device 1 with a display width
ADDW in the range 20 cm to 35 cm. The use of 9 regions
was found to be a good compromise design for an autoste-
reoscopic display device 1 with a display width ADDW in
the range 20 cm to 35 cm and a minimum viewing distance
Vd60 in the range 50 cm to 60 cm and a maximum viewing
distance Vd62 in the range 80 cm to 100 cm. The use of an
odd number of regions was found to be advantageous if the
user’s head position is substantially centred on-axis (as
shown in FIG. 10) when viewing the autostereoscopic
display device 1.

[0100] The multi-region liquid crystal parallax barrier
panel 200 is a novel type of liquid crystal parallax barrier
panel 20. With reference to FIG. 1, FIG. 2 and FIG. 3, the
positioning of the multi-region liquid crystal parallax barrier
panel 200 relative to the image display 10 may be the same
as the positioning of the liquid crystal parallax barrier panel
20. Unless stated otherwise, all subsequent embodiments are
written in relation to FIG. 2 where the image display panel
10 is disposed on the viewing side 90 of the autostereoscopic
display device 1 but it will be appreciated that the multi-
region liquid crystal parallax barrier panel 20, 200 may be
disposed on the viewing side 90 of the autostereoscopic
display device.

[0101] A single region liquid crystal parallax barrier panel
has a single group of independently addressable electrodes
(for example, E1 to E12 as shown in FIG. 4). The single
group of independently addressable electrodes are repeated
in order to extend across the whole width of the display area
ADDW. A multi-region liquid crystal parallax barrier panel
20, 200 of' the present invention has at least a first region that
includes at least a first group of independently addressable
electrodes and at least a second region that includes at least
a second group of independently addressable electrodes. The
electrodes of the first region are addressed independently of
the electrodes pertaining to the second region. In general, a
multi-region liquid crystal parallax barrier panel 20, 200 has
more than one region. That is, each region R1 . . . R9 of the
multi-region parallax barrier of FIG. 12 or 13 has a group of
independently addressable electrodes according to one of the
examples described herein. For example, each region may
include electrodes E1 to E12 having multiple electrode
portions as shown in FIG. 4, FIG. 20, FIG. 22, FIG. 23, FIG.
24, FI1G. 28 or FIG. 29). The electrodes in one region are
addressable independently of the electrodes in any other
region of the parallax barrier panel.

[0102] The total number of independently addressable
electrodes in a multi-region liquid crystal parallax barrier
panel 20, 200 is the sum of the independently addressable
electrodes in each of the regions. With reference to FIG. 12
and FIG. 13, if the number of independently addressable
electrodes is the same in each region and equals 12, then the
total number of independently addressable eclectrodes is
equal to 12x9=108.

[0103] The portions of the independently addressable
electrodes of the first group pertaining to the first region are
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repeated in order to extend across the width of the first
region (WR1) of the image display 10. The portions of the
independently addressable electrodes of the second group
pertaining to the second region are repeated in order to
extend across the width of the second region (WR2) of the
image display 10, and so on for further regions.

[0104] More generally, if the number of independently
addressable electrodes is the same in each region, each
group contains n independently addressable electrodes and
said group is repeated m times (that is, an electrode has m
portions) to extend across the width of the pth region (WRp)
of the image display 10, where m is an integer. The width of
the first region WR1 may be equal to, approximately equal
to or not equal to the width of the second region WR2. In
general, width of the pth region WRp may be equal to,
approximately equal to or not equal to the width of the p+1
region WRp+1, where p is an integer running from 1 to P,
where there are P regions. Unless stated otherwise, for all
subsequent embodiments the width of each region is
approximately the same. Where two regions have the same
width as one another, m,, (where m,, is the value of m for the
p™ region) may have the same value for each region.
[0105] A multi-region liquid crystal parallax barrier panel
can operate in one or more modes. In one mode the parallax
barrier panel addresses the electrodes in one region and the
electrodes in another region on the basis of a received drive
signal such the electrodes in one region define a first parallax
barrier array in that region and the electrodes in another
region define a different parallax barrier array. As described
below, for example, with reference to FIG. 16, this can
provide a better 3-D image quality for some viewing dis-
tances of the observer from the display panel.

[0106] The parallax barrier panel may additionally, based
on a second drive signal, address the electrodes in the
regions of the parallax barrier such that the same parallax
barrier array is defined in every region of the panel. As
described below, for example, with reference to FIG. 16,
there is a viewing distance for which the best 3-D image
quality occurs when a uniform parallax barrier array is
defined across the entire panel (in the example of FIG. 16,
for a viewing distance of 730 mm).

[0107] The parallax barrier panel may additionally or
alternatively, based on a third drive signal, address the
electrodes in the regions of the parallax barrier such that the
parallax barrier panel provides no imaging function. An
image display panel associated with the parallax barrier
panel can then operate in a conventional 2-D display mode.
[0108] The first and second drive signal may be derived,
for example, using an input from one or more position
sensors that determine the separation of the observer from
the panel (i.e. determine the viewing distance). The desired
configuration of parallax barrier in each region of the
parallax barrier panel can then be determined from prestored
information such as that shown in FIG. 16 or may be
calculated afresh each time, and the electrodes in each
region are addressed accordingly. The third drive signal may
for example be derived from an input display signal or a user
input that indicates that a 2-D display mode is desired.
[0109] With reference to FIG. 21, a schematic layout of
independently addressable electrodes at the boundary
between a first region (for example, Region 1) and a second
region (for example, Region 2) are shown for a multi-region
switchable liquid crystal parallax barrier panel 200. FIG. 21
is drawn in relation to the electrode configuration shown by
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either FIG. 4 or FIG. 20. For clarity, the substrates, polar-
isers, LC alignment layers etc. are not shown in FIG. 21.
Region 1 has 12 independently addressable electrodes in a
group, labelled R1E1 to R1E12. The electrodes of Region 1
have a cyclic arrangement, with electrode E1 adjacent to
electrode E2 and electrode E6 etc. The electrodes of Region
1 have a cyclic arrangement, with electrode E7 adjacent to
electrode E8 and electrode E12 etc. Region 2 has 12
independently addressable electrodes in a group, labelled
R2E1 to R2E12. The electrodes of Region 2 have a cyclic
arrangement, with electrode E1 adjacent to electrode E2 and
electrode E6 etc. The electrodes of Region 2 have a cyclic
arrangement, with electrode E7 adjacent to electrode E8 and
electrode E12 etc. The cyclic arrangement of electrodes is
preserved at the boundary between Region 1 and Region 2.
For example, electrode E7 is always adjacent to electrode E8
and E12. Each unique electrode label signifies an indepen-
dently addressable electrode. FIG. 21 shows 24 indepen-
dently addressable electrodes.

[0110] Withreference to FIG. 4, FIG. 5, FIG. 6, FIG. 7 and
FIG. 20 the electrode arrangement of a given region (R1, R2
etc.) of the multi-region liquid crystal parallax barrier panel
200 may be the same as the liquid crystal parallax barrier
panel 20. The number of independently addressable elec-
trodes in a group pertaining to the first region may be the
same as, or differ from, the number of independently
addressable electrodes in another group pertaining to the
second region. In general, the number of independently
addressable electrodes in the mth group pertaining to region
p may be the same as, or differ from, the number of
independently addressable electrodes in the mth group per-
taining to region p+1, where p is an integer. Unless stated
otherwise, for all subsequent embodiments it will be
assumed that the number of independently addressable elec-
trodes in each group pertaining to each region is the same,
and for example is equal to 12.

[0111] With reference to FIG. 5, the width, W, of each
electrode associated with the first region of the multi-region
liquid crystal parallax barrier panel 200 may be the same as,
approximately the same as or different from, the width of
each electrode associated with the second region of the
multi-region liquid crystal parallax barrier panel 200. In
general, the width, W, of each electrode associated with the
region p of the multi-region liquid crystal parallax barrier
panel 200 may be the same as, approximately the same as or
different from, the width of each electrode associated with
the region p+1 of the multi-region liquid crystal parallax
barrier panel 200, where p is an integer. Unless stated
otherwise, for all subsequent embodiments it will be
assumed that width, W, of each electrode in each region of
the multi-region liquid crystal parallax barrier panel 200 is
the same.

[0112] With reference to FIG. 5, the gap, G, between each
electrode associated with the first region of the multi-region
liquid crystal parallax barrier panel 200 may be the same,
approximately the same or different from, the gap of each
electrode associated with the second region of the multi-
region liquid crystal parallax barrier panel 200. In general,
the gap, G, between each electrode associated with the
region p of the multi-region liquid crystal parallax barrier
panel 200 may be the same, approximately the same or
different from, the gap between each electrode associated
with the region p+1 of the multi-region liquid crystal par-
allax barrier panel 200, where p is an integer. Unless stated



US 2018/0205942 Al

otherwise, for all subsequent embodiments it will be
assumed that gap, G, between each electrode in each region
of the multi-region liquid crystal parallax barrier panel 200
is the same.

[0113] With reference to FIG. 5, electrode pitch, EP,
associated with the first region of the multi-region liquid
crystal parallax barrier panel 200 may be the same, approxi-
mately the same or different from, the electrode pitch
associated with the second region of the multi-region liquid
crystal parallax barrier panel 200. In general, the electrode
pitch, EP, associated with the region p of the multi-region
liquid crystal parallax barrier panel 200 may be the same,
approximately the same or different from, the electrode
pitch, EP, associated with the region p+1 of the multi-region
liquid crystal parallax barrier panel 200, where p is an
integer. Unless stated otherwise, for all subsequent embodi-
ments it will be assumed that electrode pitch, EP, in each
region of the multi-region liquid crystal parallax barrier
panel 200 is the same.

[0114] With reference to FIG. 14, an example of the cyclic
electrode layout on the first substrate 21 of the first region,
R1, is shown. The electrodes (labelled E7, E8, E9, E10, E11
and E12) extend across the entire height ADDH of the
display area. The group pitch, @, is also shown. FIG. 14
illustrates the group pitch repeated 3 times in order to fill the
width WR1 of the first region R1. In practice, the group pitch
may be repeated ml times in order to fill the width WR1 of
the first region, where ml is an integer (and generally the
group pitch may be repeated mp times in order to fill the
width WRp of the pth region). The electrodes pertaining to
the first substrate are connected to drive electronics (not
shown) via electrical connections (not shown) that are
placed outside of the display viewing area. In other words,
FIG. 14 illustrates a plurality of first electrodes pertaining to
a first region, the first electrodes being independently
addressable from one another and comprising two or more
electrode portions extending along a first direction (y-direc-
tion) and laterally spaced from one another along a second
direction (x-direction) different from the first direction, the
electrode portions of the first electrodes being arranged in a
cyclic arrangement. That is the electrode portions E12 in
FIG. 14 are portions of the same electrode (the 12th elec-
trode), and are electrically connected together by a conduc-
tive wiring portion that is not shown in FIG. 14. Similarly,
the electrode portions E11 in FIG. 14 are portions of the 11th
electrode and are electrically connected together, and so on.

[0115] With reference to FIG. 15, an example of the cyclic
electrode layout on the second substrate 22 of the first
region, R1, is shown. The electrodes (labelled E1, E2, E3,
E4, E5 and E6) extend across the entire height ADDH of the
display area. The group pitch, @, is also shown. FIG. 15
illustrates the group pitch repeated 3 times in order to fill the
width WR1 of the first region R1. In practice, the group pitch
may be repeated ml times in order to fill the width WR1 of
the first region, where ml is an integer (and generally the
group pitch may be repeated mp times in order to fill the
width WRp of the pth region). The electrodes pertaining to
the second substrate are connected to drive electronics (not
shown) via electrical connections (not shown) that are
placed outside of the display viewing area. In other words,
FIG. 15 illustrates a plurality of first electrodes, pertaining to
a first region, the first electrodes being independently
addressable from one another and comprising two or more
electrode portions extending along a first direction (y-direc-
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tion) and laterally spaced from one another along a second
direction (x-direction) different from the first direction, the
electrode portions of the first electrodes being arranged in a
cyclic arrangement. That is the electrode portions E6 in FIG.
15 are portions of the same electrode (the 6th electrode), and
are electrically connected together by a conductive wiring
portion that is not shown in FIG. 15. Similarly, the electrode
portions E5 in FIG. 10 are portions of the 5th electrode and
are electrically connected together, and so on.

[0116] With reference to FIG. 4, FIG. 5, FIG. 6, FIG. 7,
FIG. 20, FIG. 14 and FIG. 15 the electrodes pertaining to the
first substrate 21 are offset from the electrodes pertaining to
the second substrate 22 by an amount equal to, or approxi-
mately equal to, half the electrode pitch/2 i.e. EP/2.

[0117] With reference to FIG. 8 for a given head position,
the first region, R1, may be addressed to define a parallax
barrier having a first slit position number and the second
region, R2, may be independently addressed to define a
parallax barrier having a second slit position number. The
first slit position number may be the same as the second slit
position number (that is, the same parallax barrier array is
defined in the first region and the second region), or the first
slit position number may be different from the second slit
position number (that is, different parallax barrier arrays are
defined in the first region and the second region). In general,
the slit position number of each region (R1, R2 etc.) of the
multi-region liquid crystal parallax barrier panel 20, 200
may independently controlled. It may be advantageous to
design the multi-region liquid crystal parallax barrier panel
200 with sufficient regions so that the slit position number of
adjacent regions never be required to differ by more than 1
slit position number for all head positions. With reference to
FIG. 8, slit position 1 is adjacent to slit position 2 and slit
position 12.

[0118] With reference to FIG. 16, an example of the slit
position number for each region (R1, R2 etc.) is shown for
an on-axis viewer of the autostereoscopic display device 1
(i.e. the viewer’s head position has a constant lateral position
situated in the middle of the autostereoscopic display device
1) at various distances from the autostereoscopic display
device 1. Driving the regions of the multi-region liquid
crystal parallax barrier panel 20, 200 such that the regions
have a parallax barrier with a slit position number according
to a row of FIG. 16 will ensure a good quality 3D display for
a viewer at a distance from the display corresponding to that
row. An on-axis viewer can be considered to be at position
x=0, with left of centre viewing being a negative x position
and right of centre viewing being a positive X position. As
described previously, the slit position number for a conven-
tional single region switchable liquid crystal parallax barrier
panel 20 only changes as a function of lateral head position.
In contrast the slit position number for a multi-region
switchable liquid crystal parallax barrier panel 200 of the
invention may change as a function of lateral head position
and/or longitudinal head position in order to provide high
quality 3D images across then whole display area of the
autostereoscopic display device 1. As shown in FIG. 16, the
slit position number changes for some regions as the view-
ing distance (i.e. longitudinal head position) is changed. As
also shown there is one viewing distance for which every
region of the parallax barrier panel has the same slit position
number when addressed for an observer at this viewing
distance (in this example a viewing distance of 730 mm).
Preferably the parallax barrier panel is configured such that
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every region of the parallax barrier panel has the same slit
position number at the design viewing distance. This view-
ing distance (Vd) may be selected via solving the equation:
@=2PP/Vd(Vd+s/n). At the design viewing distance, the
electrode group pitch, @, is chosen such that the same slit
position number is required for all regions. To a first
approximation, for relatively small lateral head movement to
the left, all slit position numbers shown in FIG. 16 decrease
by the same amount. To a first approximation, for relatively
small lateral head movement to the right, all slit position
numbers shown in FIG. 16 increase by the same amount. As
shown in FIG. 16, as the viewing distance departs from the
design viewing distance, the slit position number for the
regions at the edge of the autostereoscopic display device 1
(i.e. R1 and R9) change first. The further an on-axis viewer
departs from the design viewing distance, the greater the
change in slit position number of the regions at the edge of
the autostereoscopic display device 1 (i.e. R1 and R9)
relative to the central region (RS).

[0119] With reference to FIG. 8, FIG. 16 and FIG. 21,
when the slit position number of two adjacent regions (for
example, R3 and R4) is the same, then the width of the slit
that is situated closest to the boundary of the adjacent
regions (for example, R3 and R4) is equal to 3*EP. In other
words, there is no discontinuity in the slit position in
adjacent regions when the slit position number in adjacent
regions is the same. With reference to FIG. 16, the slit
position number at viewing distance 580 mm in R4 is 7 and
R3 is 8. This means that the width of the slit that is situated
closest to the boundary of the adjacent regions is equal to
((3*EP)+(EP/2)). With reference to FIG. 16, the slit position
number at viewing distance 900 mm in R4 is 7 and R3 is 6.
This means that the width of the slit that is situated closest
to the boundary of the adjacent regions is equal to ((3*EP)-
(EP/2)). Tt is may be advantageous that the slit situated
closest to the boundary of two adjacent regions has a
maximum width of ((3*EP)+(EP/2)) and a minimum width
of (3*EP)-(EP/2)) to enable high quality 3D viewing (low
3D crosstalk) for distances departed from the design viewing
distance.

[0120] A first general design rule for determining the
number of regions required involves using an analytical
method or optical simulation software (ray racing) to deter-
mine the maximum region width (WRp maximum) required
to enable high quality 3D viewing (low 3D crosstalk) for the
desired viewing distance range VdR. The width ADDW of
the autostereoscopic display device 1 divided by the WRp
maximum yields the number of required regions in the multi
region liquid crystal parallax barrier panel 200. A second
general design rule for determining the number of regions
required involves using an analytical method or optical
simulation software (ray racing) to ensure that the slit
position number between two adjacent regions is never
required to be larger than 1. For example, if R3 has a slit
position number of 7, then R2 may have a slit position
number of 6 or 7 or 8 only. In other words, the maximum
change in slit position between two adjacent regions is equal
to the distance EP/2. The first general design rule and second
general design rule may be considered together in order to
design a multi-region liquid crystal parallax barrier panel
200 design that enables viewing of high quality 3D images
for the desired range of lateral and longitudinal head posi-
tion.
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[0121] Parameters used in optical simulation software (ray
tracing) in order to satisfy these first and second general
design rules described above may include: maximum view-
ing distance Vd62, minimum viewing distance Vd60, design
viewing distance Vd61, width of image panel ADDW,
ADDW?2, pixel pitch PP of image panel 10, pixel aperture in
the x-direction (second direction) of the image panel, barrier
width BR, slit width SL, electrode pitch EP, group pitch ¢
(parallax barrier pitch) and number of independently
addressable electrodes per region. Another parameter that
may be required for the optical simulation is the distance
between the image display panel LC layer 13 to multi-region
liquid crystal parallax barrier panel 20, 200 L.C layer 23. The
design viewing distance Vd61 may equal to the minimum
viewing distance Vd60 or may equal to the maximum
viewing distance Vd62 or may be between the minimum and
maximum viewing distances Vd60, Vde62.

[0122] A first example of an autostereoscopic display
device 1 with a rear barrier (see FIG. 2) are as follows:
maximum viewing distance (Vd62)=900 mm, minimum
viewing distance (Vd60)=580 mm, design viewing distance
(Vd61)=740 mm, pixel pitch PP of image display panel 10
in x-direction=50.7 pm, width of image panel ADDW,
ADDW2=5760*50.7 um=292.032 mm, pixel aperture in the
x-direction 21 pum (i.e. the pixel pitch PP comprises a
transmissive aperture part and a non-transmissive part),
barrier width BR=50.742 pm, slit width SL=50.742 pm,
group pitch ¢ (parallax barrier pitch)=101.484 um and 12
independently addressable electrodes per region arranged as
shown in FIG. 4. The distance between the image display
panel LC layer 13 to multi-region liquid crystal parallax
barrier panel 20, 200 L.C layer 23 was 0.92 mm. Simulation
results suggested that the first example of an autostereo-
scopic display device 1 required between 5 and 13 evenly
spaced regions with a further optimised design requiring
between 7 and 11 evenly spaced regions. An autostereo-
scopic display device 1 according to the first example was
fabricated with 9 evenly spaced regions (R1 to R9). The first
example of an autostereoscopic display device 1 had pixels
5760 pixels in the x-direction and 1080 pixels in the y-di-
rection. Therefore each region (R1 to R9) was the width of
substantially (within 2 significant figures) 640 image display
panel 10 pixels (i.e. WRp=640%50.7 pum where p is an
integer from 1 to 9). The pixels in the x-direction had the
same colour in order to avoid colour artefact problems. The
pixels in the y-direction had a cyclic arrangement of red,
green, blue; the three colours comprising a white pixel. The
pixel pitch in the x-direction was 50.7 um wide. Each colour
pixel in the y-direction was 33.8 um long. A white pixel of
the image display panel 10 therefore measured 50.7 pm in
the x-direction (second direction) and 101.4 pum in the
y-direction (first direction). The use of 9 regions with 12
independently addressable electrodes per region for this first
example was found to be a good design trade-off enabling
relatively low complexity for the electrode layout and view-
ing of high quality 3D images for an appropriately large
range of head positions.

[0123] A second example of an autostercoscopic display
device 1 with a rear barrier (see FIG. 2) are as follows:
maximum viewing distance (Vd62)=900 mm, minimum
viewing distance (Vd60)=580 mm, design viewing distance
(Vd61)=740 mm, pixel pitch PP of image display panel 10
in x-direction=93.75 pm, width of image panel ADDW,
ADDW2=2560%93.75 pm=240 mm, pixel aperture in the
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x-direction 52.75 pm (i.e. the pixel pitch PP comprises a
transmissive aperture part and a non-transmissive part),
barrier width BR=93.891 pm, slit width SL=93.891 um,
group pitch ¢ (parallax barrier pitch)=187.782 um and 12
independently addressable electrodes per region arranged as
shown in FIG. 4. The distance between the image display
panel LC layer 13 to multi-region liquid crystal parallax
barrier panel 20, 200 L.C layer 23 was 1.7 mm. Simulation
results suggested that the second example of an autostereo-
scopic display device 1 required between 5 and 11 evenly
spaced regions with a further optimised design requiring
between 7 and 9 evenly spaced regions. An autostereoscopic
display device 1 according to the second example was
fabricated with 9 substantially (to within 2 significant fig-
ures) evenly spaced regions (R1 to R9). The second example
of an autostereoscopic display device 1 had pixels 2560
pixels in the x-direction and 542 pixels in the y-direction.
Region R5 (centre region) had a width of substantially
(within 2 significant figures) 288 image display panel pixels
(i.e. WR5=288%93.75 um) and the remaining regions (R1,
R2, R3, R4, R6, R7, R8 and R9) each had a widths of
substantially (within 2 significant figures) of 284 image
display panel 10 pixels wide
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position sensor(s) 41. Control circuit 40 includes an opera-
tion unit 42 and a multi-region liquid crystal parallax barrier
panel drive unit 43 and an image display panel driver 44.
FIG. 18 further includes a slit pattern look-up table (LUT)
45. A slit pattern look-up table may store the slit patterns for
all head positions in the 3D viewing zone 70. A slit pattern
look-up table may store, for each parallax barrier slit posi-
tion number, the electrode states for each independently
addressable electrode of the multi-region liquid crystal par-
allax barrier panel 20, 200 required to obtain that parallax
barrier slit position number in each region. Image display
panel drive unit 44 drives the image display panel 10 based
on input video signals and displays an image on the image
display panel 10. Position sensor(s) 41 obtains the positional
information of the observer 90 (FIG. 19, step S1). Position
sensor(s) 41 is, for example, a camera and/or an infrared
sensor. Alternatively, position sensor(s) 41 are, for example,
a pair of cameras and/or a pair of infrared sensors. The
advantage of using a pair of cameras and/or a pair of infrared
sensors separated in the lateral direction (x direction) is that
the disparity between the information provided by a pair of
sensors enables both lateral (x) and longitudinal (z) head
position information to be obtained. The advantage of a large

(WR1=WR2=WR3=WR4=WR6=WR7=WR8=WR9=284%03.75]ateral separation between a pair of sensors is that the

um). The pixels in the x-direction had the same colour in
order to avoid colour artefact problems. The pixels in the
y-direction had a cyclic arrangement of red, green, blue; the
three colours comprising a white pixel. The pixel pitch in the
x-direction was 93.75 pm wide. Each colour pixel in the
y-direction was 62.5 pm long. A white pixel of the image
display panel 10 therefore measured 93.75 um in the x-di-
rection (second direction) and 187.5 pm in the y-direction
(first direction). The use of 9 regions with 12 independently
addressable electrodes per region for this second example
was found to be a good design trade-off enabling relatively
low complexity for the electrode layout and viewing of high
quality 3D images for an appropriately large range of head
positions.

[0124] With reference to FIG. 16, for a given lateral and
longitudinal head position (X, z), each region has an asso-
ciated slit position number. The set of slit position numbers
for a given head position (%, z) is henceforth referred to as
a slit pattern or a barrier pattern. The slit pattern for a given
head position (x, z) defines the slit position number in each
region for every group of independently addressable elec-
trodes. For example, with reference to FIG. 16, the slit
pattern for head position x=0 mm, z=580 mm is 98 877 7
6 6 5. A slit pattern determines the electrode state (ON or
OFF) for each electrode of the multi-region liquid crystal
parallax barrier panel 20, 200. The slit pattern that enables
optimum viewing of high quality 3D images (low 3D
crosstalk) may be ascertained by an analytical approach
and/or optical simulation software (ray tracing) and/or
experiment. The use of experiment to determine the opti-
mum slit pattern may be advantageous in eliminating con-
struction errors in the autostereoscopic display device 1. In
other words, use of experiment to determine the optimum
slit pattern may be used to calibrate the autostereoscopic
display device 1.

[0125] FIG. 17 and FIG. 18 are block diagrams showing a
functional configuration of an autostereoscopic display
device 1. FIG. 19 is a flowchart of a process performed by
the autostereoscopic display device 1. The autostereoscopic
display device 1 further includes a control circuit 40 and a

information gathered from the sensors may enable a more
accurate calculation of the longitudinal position to be deter-
mined. The advantage of a smaller lateral separation
between a pair of sensors is that the sensors may have a
smaller field of view. A separation between a pair of sensors
in the range from 4 cm to 25 cm was found suitable for a
single user autostereoscopic display device 1. Position sen-
sor(s) 41 supplies the acquired position information to the
operation unit 42 of the controller 40.

[0126] Operation unit 42 analyses the position information
of the observer 90 supplied from the position sensor(s) 41,
the position coordinates of the observer 90 (x, y, z) are
calculated (step S2). Calculation of the position coordinates,
for example, may be carried out by an eye-tracking system
or face tracking system or head tracking system for detecting
the eye position of the observer 90 by an image processing
method. Calculation of the position coordinates, for
example, may be performed by a head tracking system for
detecting a position of the head of the observer 90 by
infrared.

[0127] After determining the position information of the
observer 90, the operation unit 42 determines the required
slit pattern for the multi-region liquid crystal parallax barrier
panel 20, 200 (step S3). In other words, the position coor-
dinates of the viewer 90 are used to determine the slit
position number (the slit position) for each region of the
multi-region liquid crystal parallax barrier panel 20, 200.
The slit pattern may be calculated from the position coor-
dinates of the observer 90 (%, y, z) using a predetermined
mathematical formula or algorithm. Alternatively, all slit
patterns for the effective 3D viewing zone 71 may be stored
in a memory such as for example a slit pattern look-up table
(LUT) 45. If a slit pattern LUT 45 is used, the operation unit
42 retrieves the designated slit pattern for a given set of
position coordinates of the observer 90 (X, y, z) from the slit
position LUT 45.

[0128] The operation unit 42 may supply the switchable
multi-region liquid crystal parallax barrier panel drive unit
43 with the slit pattern associated with the position coordi-
nates of the observer 90 (%, y, z). The relationship between
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a given slit pattern and the voltage that is to be addressed to
each of the individually addressable electrodes pertaining to
the multi-region liquid crystal parallax barrier panel 20, 200
may also be stored on the slit pattern LUT. The operation
unit 42 may supply the switchable multi-region liquid crys-
tal parallax barrier panel drive unit 43 with information
regarding the voltage that is to be addressed to each of the
individually addressable electrode pertaining to the multi-
region liquid crystal parallax barrier panel 20, 200. In
general, the multi-region liquid crystal parallax barrier panel
drive unit 43, based on information supplied from the
calculating unit 42, drives the switchable liquid crystal
parallax barrier panel 20 (step S4) to enable viewing of high
quality 3D images for the desired range of head positions.
[0129] Alternative to FIG. 23, a further example of dual
layer electrodes is shown in FIG. 24. With reference to FIG.
24, all the independently addressable electrodes each formed
of electrode portions (E1 to E12) may be deposited in a
cyclic arrangement in a dual electrode layer structure on the
second substrate 22 only and a common electrode, ECOM,
deposited on the first substrate 21. The first substrate 21 may
be disposed on the viewing side 90 of the autostereoscopic
display device 1 or the second substrate 22 may be disposed
on the viewing side 90 of the autostercoscopic display
device 1. A parallax barrier may be formed in the switchable
liquid crystal parallax barrier panel 20 by application of
voltages to the independently addressable electrodes (E1 to
E12) and the common electrode, ECOM. In the embodiment
of FIG. 24, at least some of the electrodes E1 to E12 are
disposed in a first layer (the lower layer) upon the second
substrate of the multi-region liquid crystal parallax barrier
20,200 to form a first subset of electrodes. An insulating
layer 25 is disposed on top of the first subset of electrodes.
At least some, and preferably all the remainder, of the
electrodes E1 to E12 are disposed in a second layer (the
upper layer) on top of the insulating layer 25 to form a
second subset of electrodes. The electrodes in the second
subset of electrodes are offset in the x-direction relative to
the electrodes in the first subset of electrodes. None of the
electrodes in the first subset of electrodes are electrically
connected to any of the electrodes in the second subset of
electrodes.

[0130] It should be noted that the difference between the
height over the substrate 22 of the second subset of elec-
trodes (E2, E4 . . . ) and the height over the substrate 22 of
the first subset of electrodes (E1, E3 . . . ) is a consequence
of the need to provide the insulating layer 25 between the
first subset of electrodes and the second subset of electrodes,
while making the width of electrodes (E2, E4 . . . ) of the
second subset equal to the gap between adjacent electrodes
(E1, E3 .. .) of the lower subset so as to eliminate the gap
G that inevitably exists in the single layer electrode arrange-
ment such as in FIG. 22. It will generally be desirable to
minimise this height difference, subject to providing effec-
tive insulation between the two subsets of electrodes.
[0131] The insulating layer 25 may conformably coat the
substrate and electrodes of the first subset (lower elec-
trodes); for ease of understanding, a conformal coating is not
shown in FIG. 20, FIG. 23, FIG. 24, FIG. 25, FIG. 26 FIG.
27, FIG. 28 and FIG. 29.

[0132] With reference to FIG. 24, even numbered elec-
trodes (E2, E4, E6 etc.) are designated the upper electrodes
(the second subset) of the dual electrode layer structure. The
electrodes pertaining to the upper layer have a width WU.
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The gap between adjacent electrodes on the upper layer is
GU. With reference to FIG. 24, odd numbered electrodes
(E1, E3, E5 etc.) are designated the lower electrodes (the
first subset) of the dual electrode layer structure. The elec-
trodes pertaining to the lower layer have a width WL. The
gap between adjacent electrodes on the lower layer is GL.
The electrodes pertaining to the upper layer may have the
same width as electrodes pertaining to the lower layer (i.e.
WU=WL) or the electrodes pertaining to the upper layer
may have a different width to electrodes pertaining to the
lower layer (i.e. WU=WL). Electrode gaps pertaining to the
upper layer may have the same width as electrode gaps
pertaining to the lower layer (i.e. GU=GL) or the electrodes
gaps pertaining to the upper layer may have a different width
to electrode gaps pertaining to the lower layer (i.e. GU=GL).
The gap between two adjacent electrodes pertaining to the
upper layer may have the same width as electrodes pertain-
ing to the lower layer (i.e. GU=WL) or the gap between two
electrodes pertaining to the upper layer may have a different
width to the width of electrodes pertaining lower layer (i.e.
GU=WL). With reference to dashed line 50, the right hand
edge of an electrode on the upper layer (E6 in this example)
is preferably aligned with the left hand edge of an electrode
on the lower layer (E7 in this example). With reference to
dashed line 51, the left hand edge of an electrode on the
upper layer (E8 in this example) is preferably aligned with
the right hand edge of an electrode on the lower layer (E7 in
this example). The dashed lines 50 and 51 show that there is
no gap in the x-direction between the electrodes on the upper
layer and the electrodes on the lower layer. A gap in the
x-direction between the electrodes on the upper layer and the
electrodes on the lower layer may increase optical crosstalk
and therefore be detrimental to 3D performance. It is pos-
sible that GU, GL, WU and WL may vary as a function of
distance across a region and/or the panel in the x-direction;
if so, any relationship between electrode parameters such as
WU=WL applies locally.

[0133] The electrodes in the upper layer and lower layer
may be configured to overlap in the x direction in order to
account for manufacturing tolerances and therefore ensure
low optical crosstalk. In other words, it is desirable to ensure
there is at least no gap in the x-direction between the
electrodes on the upper layer and the electrodes on the lower
layer. Within manufacturing tolerances, the centre (in the
x-direction) of each electrode pertaining to the lower layer
preferably aligns with the centre of a specific gap pertaining
to the upper layer and is illustrated for example by the
dashed line 52 on FIG. 24. Within manufacturing tolerances,
the centre (in the x-direction) of each electrode pertaining to
the upper layer preferably aligns with the centre of a specific
gap pertaining to the lower layer and is illustrated for
example by the dashed line 53 on FIG. 24.

[0134] With reference to FIG. 25, a parallax barrier may
be formed in the switchable liquid crystal parallax barrier
panel 20 by application of voltages to the independently
addressable electrodes (E1 to E12 and ECOM). FIG. 25
shows that a first voltage is applied to the electrodes E2, E3,
E4, E5, E6 and E7 and a second voltage is applied to the
remaining electrodes E1, E8, E9, E10, E11 E12 and ECOM.
The voltage difference between the first voltage and the
second voltage is sufficient to put the liquid crystal in a state
that, in combination with the polarisers 14 (not shown) and
24, makes a barrier BR (non-transmissive area), whereas the
effect of applying a net voltage of zero puts the liquid crystal
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in a state that, in combination with the polarisers 14 (not
shown) and 24, makes a slit SL (transmissive area). FIG. 25
shows that the barrier position is controlled by electrodes
E2,E3, E4, E5 E6, E7 and ECOM. FIG. 25 shows the barrier
BR width is approximately equal to the slit SL width. (Only
one barrier BR is shown in FIG. 25, but the left hand edge
of the next barrier region will coincide with the right hand
edge of the right-handmost electrode shown in FIG. 25 (the
second electrode labelled “E1”). With reference to FIG. 25,
as the barrier BR is translated in the x-direction (i.e. moved
left or right) to accommodate for head movements and
therefore provide high quality 3D viewing, 3 electrodes on
the upper layer and 3 electrodes on the lower layer are
always used to control the barrier BR position. Thus, to
move the parallax barrier to the right by the smallest possible
amount (i.e. by a single electrode position), the first voltage
is applied to the electrodes E3, E4, E5, E6, E7 and E8 and
the second voltage is applied to the remaining electrodes E1,
E2, E9, E10, E11 E12 and ECOM, and so on.

[0135] In FIG. 25 a barrier region BR and a slit SL have
the same width, equal to the width of 6 of the electrodes E1
to E12, giving a parallax barrier with a barrier:slit ratio of
1:1. The width of the barrier region is given by a multiple of
(WL+WU), in this example 3WU+3 WL, as is the width of
a slit. In this case, the width a barrier region, and the width
of a slit, remain constant as the parallax barrier is moved to
the left or right by one or more electrode positions.

[0136] The invention may also provide a parallax barrier
in which the barrier regions BR do not have the same width
as the slits, and an example of this is shown in FIGS. 26 and
27. In this embodiment, however, careful design of the
electrodes is needed to ensure that the width of the barrier
regions and slits remains the same as the parallax barrier is
moved to the left or right by one or more electrode positions.

[0137] FIG. 26 shows a first barrier position. FIG. 26
shows that a first voltage is applied to the electrodes E3, E4,
E5, E6 and E7 and a second voltage is applied to the
remaining electrodes E1, E2, E8, E9, E10, E11 E12 and
ECOM. The width of the barrier BR is therefore controlled
by 2 electrodes on the upper layer (E4 and E6) and 3
electrodes on the lower layer (E3, E5 and E7), and electrode
ECOM. FIG. 27 shows a second barrier position that is
adjacent to the first barrier position as shown in FIG. 26.
With reference to FIG. 27, if the barrier BR is translated in
the x-direction by the smallest increment (i.e. by a single
electrode position) then the width of the barrier will now be
determined by 3 electrodes on the upper layer (E4, E6 and
E8) and 2 electrodes on the lower layer (E5 and E7). If
GU=GL and WU=WL, then the width (in the x-direction) of
the barrier BR shown in FIG. 26 may be different from the
width (in the x-direction) of the barrier shown in FIG. 27.
This may occur because fringe field effects will cause the
electric field applied by an electrode of the upper layer (E4,
E6) to “bulge out”, so that the width of the liquid crystal
region that is switched by an electrode of the upper layer is
likely to be greater than the width of the electrode. However,
the fringe fields from an electrode of the lower layer will be
shielded by electrodes of the upper layer—for example,
fringe fields from electrode E3 of the lower layer will be
shielded by electrodes E2 and E4 of the upper layer—so that
the width of the liquid crystal region that is switched by an
electrode of the lower layer is likely to be less than the width
of the liquid crystal region switched by an electrode of the
upper layer. Thus, even though WU=WL the width of liquid
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crystal region that is switched by an electrode of the upper
layer is likely to be greater than the width of the liquid
crystal region that is switched by an electrode of the lower
layer. As a result, a barrier region defined by three electrodes
of'the upper layer and two electrodes of the lower layer may
have a different width to a barrier region defined by three
electrodes of the lower layer and two electrodes of the upper
layer, causing the barrier width (and the barrier:slit ratio) to
change as the parallax barrier is moved to the right by one
electrode position from FIG. 26 to FIG. 27. This difference
in barrier width between FIG. 26 and FIG. 27 is not shown
because the difference is relatively small. However, any
difference in barrier width between FIG. 26 and FIG. 27 may
have a significant impact on the quality of the 3D images.
Optical simulations and experiments have confirmed that the
width of the barrier in FIG. 26 may be less than the width
of the barrier shown in FIG. 27.

[0138] As noted, it may be advantageous that the width of
the barrier in FIG. 26 and the barrier in FIG. 27 are
substantially the same (i.e. <=5 pum difference in width). LC
optical simulation and experimental evidence suggest that
the width of the barriers shown in FIG. 26 and FIG. 27 can
be made to be substantially the same as one another by
having a first electrode width for all electrodes pertaining to
the upper layer and a second electrode width for all elec-
trodes pertaining to the lower layer whereby the first and
second widths are different (i.e. WU=WL). More preferably,
electrodes pertaining to the upper layer may have a smaller
width than electrodes pertaining to the lower layer (i.e.
WU<WL) and the gap width of the upper layer may be
larger than the electrode width pertaining to the upper layer
(i.e. GU>WU). In summary, WU<WL and GU>WU.
[0139] FIG. 28 illustrates the situation where WU<WL
and there is no overlap in the x-direction between electrodes
of the lower layer and electrodes of the upper layer. FIG. 29
illustrates the situation where WU<WL and the electrodes
on the lower layer overlap the upper electrodes on the upper
layer in the x-direction. (It should be understood that the
electrode overlap in FIG. 29 is to allow for manufacturing
tolerances. In principle there is no need for electrode over-
lap—if it were possible to manufacture the electrode
arrangement shown in FIG. 28 such that the left hand edge
of electrode Ei was exactly coincident with the right hand
edge of electrode E(i-1), for all electrodes, the embodiment
of FIG. 28 would give identical results to the embodiment of
FIG. 29.)

[0140] With reference to FIG. 28 and FIG. 29, the first
substrate 21 may be disposed on the viewing side 90 of the
autostereoscopic display device 1 or the second substrate 22
may be disposed on the viewing side 90 of the autostereo-
scopic display device 1.

[0141] The overlap is illustrated by distance 54. FIG. 28
and FIG. 29 show that, within manufacturing tolerances, the
centre (in the x-direction) of each electrode pertaining to the
lower layer preferably aligns with the centre of a specific gap
pertaining to the upper layer and is illustrated for example by
the dashed line 52. FIG. 28 and FIG. 29 also show that
within manufacturing tolerances, the centre (in the x-direc-
tion) of each electrode pertaining to the upper layer prefer-
ably aligns with the centre of a specific gap pertaining to the
lower layer and is illustrated for example by the dashed line
53. By appropriate choice of the electrode dimensions, it is
possible to effectively eliminate the effect of the different
fringe fields for electrodes in the upper and lower layers, so
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that a barrier region defined by 3 electrodes of the upper
layer and 2 electrodes of the lower layer has the same width
as a barrier region defined by 2 electrodes of the upper layer
and 3 electrodes of the lower layer.

[0142] As noted, in the embodiments of FIGS. 28 and 29
WU<WL and GU>WU, and in the embodiment of FIG. 29
WL>GU. It is possible that GU, GL, WU and WL may vary
as a function of distance across a region and/or the panel in
the x-direction, and if so these inequalities will be satisfied
locally.

[0143] LC optical simulation suggests that to achieve the
same barrier width for the conditions shown in FIG. 26 and
FIG. 27, the optimum difference between the first electrode
width for all upper layer electrodes and the second electrode
width for all lower layer electrodes is a function of several
parameters which may include:

[0144] 1) The voltage applied to the upper electrodes and
lower electrodes

[0145] 2) L.C alignment direction relative to the electrodes
[0146] 3) LC material properties (elastic constants etc.)
[0147] 4) The thickness of the LC layer (in z-direction)
[0148] 5) The properties of the insulator layer 25 (thick-

ness in z-direction, dielectric constants etc.).

[0149] 6) Thickness of electrodes (in z-direction)

[0150] The optimum width of the lower electrode may
also be a function of the width of the upper electrode and
vice versa.

[0151] As an example and with reference to FIG. 26, FIG.
27 and FIG. 28, simulation suggests that to achieve equal
barrier widths for adjacent parallax barrier positions, the
upper electrodes width WU is in the range 3-9 um (and in
one preferred embodiment WU~6.5 um), the lower elec-
trodes width WL is in the range 6-18 um (and in one
preferred embodiment WL~10.5 um), applied voltage to
barrier electrodes=5V, LC adjacent to the upper electrodes is
aligned in the x-direction, LC layer thickness=4.6 um, SiNx
dielectric spacer layer 25 thickness of 200 nm, thickness of
ITO electrodes=50 nm). Note for this specific simulation,
WU<WL, GU>WU and GU=WL and WU-WL=4.0 pm.
Since the optimum width of the lower electrode may also be
a function of the width of the upper electrode and vice versa,
then the ranges quoted above may be larger or smaller for
different widths of the upper and lower electrodes.

[0152] As afurther example and with reference to FIG. 26,
FIG. 27 and FIG. 28, simulation suggests that to achieve
equal barrier widths for adjacent parallax barrier positions,
the upper electrodes width WU is in the range 3-9 um (and
in one preferred embodiment WU~5.5 um), the lower elec-
trodes width WL is in the range 6-18 um (and in one
preferred embodiment WU~11.5 pm), applied voltage to
barrier electrodes=5V, LC adjacent to the upper electrodes is
aligned in the y-direction, LC layer thickness=4.6 um, SiNx
dielectric spacer layer 25 thickness of 200 nm, thickness of
ITO electrodes=50 nm). Note for this specific simulation,
WU<WL, GU>WU and GU=WL and WU-WL=6.0 pm.
Since the optimum width of the lower electrode may also be
a function of the width of the upper electrode and vice versa,
then the ranges quoted above may be larger or smaller for
different widths of the upper and lower electrodes.

[0153] With reference to FIG. 26, FIG. 27 and FIG. 28,
experimental results suggest that the difference between
upper electrode width and lower electrode width may be in
the range 0.25 um to 5 um (i.e. WU<WL), and in one
preferred embodiment may be in the range between 0.5 pm
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and 2 um. As discussed above, simulation results suggest
that the difference between upper electrode width and lower
electrode width may be in the range 2 um to 11 um (i.e.
WU<WL), and in one preferred embodiment may be in the
range between 4 um to 6 um. Although experimental results
differ slightly from simulation results, the general principle
of WU<WL and GU>WU was found to be true for both
simulation and experiment when optimising electrode
design with reference to FIG. 26, FIG. 27, FIG. 28 and FIG.
29.

[0154] With reference to all embodiments shown in FIGS.
22, 23, 24 28 and 29, the patterned electrodes (E1, E2, E3
. .. E12) are disposed on the second substrate and the
common electrode (ECOM) is disposed on the first sub-
strate. It will be appreciated that, alternatively, the patterned
electrodes may be disposed on the first substrate and the
common electrode is disposed on the second substrate.

[0155] FIGS. 22-29 show only the electrode arrangement
in the first region of the panel, and do not show the electrode
arrangement in the second region of the panel. It may be
preferable that the common electrode (ECOM) is disposed
on a single substrate and is continuous (i.e. not patterned)
between the first region of the panel and the second region
of the panel. Accordingly if, in the first region of the panel,
the patterned electrodes (E1, E2, E3 . . . E12) are disposed
on the second substrate and the common electrode (ECOM)
is disposed on the first substrate, it is preferred that the
patterned electrodes of the second region are also disposed
on the second substrate. If, conversely, in the first region of
the panel, the patterned electrodes (E1, E2, E3 ... E12) are
disposed on the first substrate and the common electrode
(ECOM) is disposed on the second substrate, it is preferred
the patterned electrodes of the second region are also
disposed on the first substrate. In other words, the patterned
electrodes of the second region are disposed on the same
substrate as the patterned electrodes of the first region and
the common electrode (ECOM) is not disposed on the same
substrate as the patterned electrodes of the first region.
However, the invention is in principle not limited to this.

[0156] The invention has been described with reference to
examples of a switchable multi-region liquid crystal parallax
barrier. In principle however the invention is not limited to
a liquid crystal parallax barrier, and may be effected with
other electro-optic materials.

1. A reconfigurable parallax barrier panel comprising an
electro-optic material;

wherein a first region of the panel has a plurality of first
electrodes, the first electrodes being independently
addressable from one another and comprising two or
more electrode portions extending along a first direc-
tion and laterally spaced from one another along a
second direction different from the first direction, the
electrode portions of the first electrodes being arranged
in a cyclic arrangement;

wherein a second region of the panel has a plurality of
second electrodes, the second electrodes being inde-
pendently addressable from one another and from the
first electrodes and comprising two or more electrode
portions extending along the first direction and laterally
spaced from one another along the second direction, the
electrode portions of the second electrodes being
arranged in a cyclic arrangement; and
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the parallax barrier panel being configured in a first mode
to address, in use, the first and second electrodes on the
basis of at least one received drive signal such that:

the first electrodes define, in the first region of the panel,
a first parallax barrier array selected from a plurality of
predetermined parallax barrier arrays; and

the second electrodes define, in the second region of the

panel, independently of the first parallax barrier array,
a second parallax barrier array selected from the plu-
rality of predetermined parallax barrier arrays, the
second parallax barrier array being different to the first
parallax barrier array.

2. A panel as claimed in claim 1 wherein the second
parallax barrier array is a translation of the first parallax
barrier array in a direction crossed with the first direction.

3. A parallax barrier panel as claimed in claim 1 wherein
the parallax barrier panel is further configured, in a second
mode, to address, in use, the first and second electrodes on
the basis of at least one received second drive signal such
that the first and second electrodes define a selected one of
the predetermined parallax barrier arrays in both the first
region and the second region of the panel.

4. A parallax barrier panel as claimed in claim 1 wherein
the parallax barrier panel is configured to, in a third mode,
address, in use, the first and second electrodes on the basis
of at least one received third drive signal such that the
parallax barrier panel provides no imaging function.

5. A panel as claimed in claim 1 and further comprising
first and second substrates, the electro-optic material being
disposed between the first substrate and the second sub-
strate; wherein at least some of the first electrodes are
disposed on the first substrate and at least others of the first
electrodes are disposed on the second substrate.

6. A panel as claimed in claim 5 wherein the electrodes on
the first substrate are offset along the second direction with
respect to the electrodes on the second substrate.

7. A panel as claimed in claim 5 wherein the electrodes on
the first substrate are offset along the second direction with
respect to the electrodes on the second substrate by substan-
tially half the electrode pitch.

8. A panel as claimed in claim 1 and further comprising
first and second substrates, the electro-optic material being
disposed between the first substrate and the second sub-
strate; wherein each of the first electrodes is disposed on one
of either the first or second substrate.

9. A panel as claimed in claim 1 wherein each first
electrode portion comprises first and second parts offset
from one another in the thickness direction of the panel and
offset from one another in the second direction by a distance
substantially equal to the electrode gap.

10. A panel as claimed in claim 8, wherein a first subset
of the first electrodes is disposed over one of either the first
or second substrate, an insulating layer is disposed over the
first subset of the first electrodes, and a second subset of the
first electrodes is disposed over the insulating layer, first
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electrodes of the second subset being offset, in the second
direction, from first electrodes of the first subset.

11. A panel as claimed in claim 10, wherein the width of
a first electrode of the second subset is less than the width
of a first electrode of the first subset, and the width of a first
electrode of the second subset is less than the gap between
two neighbouring first electrodes of the second subset.

12. A panel as claimed in claim 11, wherein the width of
an electrode of the first subset of first electrodes is greater
than the gap between two neighbouring electrodes of the
second subset of first electrodes.

13. A display comprising: an image display panel: a
parallax barrier panel disposed in an optical path through the
image display panel, where the parallax barrier panel is a
parallax barrier panel as defined in claim 1 and a control
circuit for supplying at least one drive signal to the parallax
barrier panel.

14. A display as claimed in claim 13 wherein the image
display panel comprises a transmissive panel, and the dis-
play further comprises a backlight.

15. A display as claimed in claim 13 wherein the image
display panel comprises an emissive panel.

16. A display as claimed in claim 13 and further com-
prising one or more position sensors for determining the
position of an observer.

17. A display as claimed in claim 16 wherein the control
circuit is adapted to address the first and second electrodes
in dependence on a determined position of the observer.

18. A display as claimed in claim 16 wherein the control
circuit further comprises an operation processor for deter-
mining at least one drive signal for the parallax barrier panel
based on a determined position of the observer.

19. A display as claimed in claim 16 wherein the control
circuit further comprises: a memory storing a plurality of
drive signals for the parallax barrier panel; and an operation
processor for retrieving at least one of the drive signals
stored in the memory based on a determined position of the
observer.

20. A display as claimed in claim 13,

wherein the first region comprises 12 first electrodes;

wherein the second region comprises 12 second elec-

trodes;

wherein the parallax barrier panel further comprises third

to ninth regions, the third to ninth regions having 12
third to ninth electrodes respectively for addressing the
electro-optic material, the electrodes of the p” (1=p=<9)
region being independently addressable of one another
and of the electrodes of the p'” (1=p'9, p=p'), and the
third to ninth electrodes each comprising two or more
electrically connected electrode portions extending
along the first direction and laterally spaced from one
another along the second direction, the electrode por-
tions of the p?” (1=p=<9) electrodes being arranged in a
cyclic arrangement.
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