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1
LIGHT BARRIER DEVICE AND DISPLAY
UNIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. JP 2010-185368, filed Aug. 20, 2010, which appli-
cation is hereby incorporated by reference in its entirety.

BACKGROUND

The present disclosure relates to a display unit capable of
stereoscopic display, and to a light barrier device for use in
such a display unit.

SUMMARY

Attention is being given to a display unit realizing stereo-
scopic display, i.e., a stereoscopic display unit. With the ste-
reoscopic display, a right perspective picture and a left per-
spective picture are displayed. Since these right and left
perspective pictures create parallax, i.e., since these pictures
are those viewed from different eyepoints, these pictures look
three-dimensional with depth for a viewer when he or she
views those by his or her right and left eyes, respectively.
Another type of display unit has been also developed which
displays three or more pictures with parallax, thereby being
able to provide viewers with pictures looking three-dimen-
sional more naturally.

Such a stereoscopic display unit is mainly of two types; a
type using glasses specifically designed therefor, and another
type not using such glasses. However, since viewers often feel
annoying to use such specifically-designed glasses, the type
not using glasses is in popular demand. The display unit not
using such specifically-designed glasses includes lenticular
lens-based, parallax barrier-based, and others.

Specifically with a parallax barrier-based display unit, the
right and left perspective pictures as above are spatially
divided for display utilizing a liquid crystal display (LCD),
for example, and the surface for display thereof is provided
with a predetermined barrier (for example, see Japanese
Unexamined Patent Application Publication No. 3-119889).

Such a barrier generally includes a plurality of open/close
sections for passing or blocking light. With the alternate
arrangement of the open/close sections in the pass-through
state, i.e., light-passing sections, and those in the not-pass-
through state, 1.e., light-blocking sections, for example, dis-
play pictures are to be separated into various eyepoint direc-
tions. Such a barrier in use is the one including two pieces of
substrates with a liquid crystal layer sealed therebetween via
an electrode, i.e., liquid crystal cell. For example, the elec-
trode on the side of one of the substrates is divided into a
plurality of sub-electrodes. These sub-electrodes are each
capable of a voltage supply, and each region corresponding to
each of the sub-electrodes functions as an open/close section.
With such a barrier, a spacer is provided by insertion between
the two substrates with the aim of controlling the thickness
(cell gap) of the liquid crystal layer described above.

On the other hand, in recent years, such a display unit for
stereoscopic viewing as above is expected to be larger in size.
With a larger display unit as such, a barrier is also expected to
be larger in size. However, in order to manufacture such a
large-sized barrier, for keeping the cell gap as is supposed to
be, the spacer as described above is expected to be disposed at
a plurality of positions.
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The issue here is that, since the electrode for a voltage
supply to the liquid crystal layer is being divided into a
plurality of sub-electrodes as described above, the liquid
crystal layer is affected by the edges of the sub-electrodes
such that the fringe field is generated. Therefore, if the spacer
is disposed at any arbitrary positions, at some positions, the
liquid crystal orientation is disturbed due to the influence of
the fringe field. Such disturbance of orientation becomes a
cause of, in a normally-white mode, for example, non-uni-
form light leakage during black display, i.e., a phenomenon in
which the area where the spacers are disposed and there-
around look more whitish than the remaining area due to the
passage of light therethrough. As such, there is a disadvantage
of causing a phenomenon of light transmittance varying
between any local region and the remaining region (herein-
after, simply referred to as “light unevenness”).

It is thus desirable to provide a light barrier device and a
display unit for stereoscopic viewing capable of preventing
occurrence of light unevenness.

A light barrier device according to an embodiment of the
present disclosure includes a liquid crystal layer sealed
between a pair of substrates, to include a plurality of sub-
regions each allowing light to passing therethrough or to be
blocked, and spacers each provided, between the pair of sub-
strates, in a region other than boundary region between the
sub-regions.

A display unit according to an embodiment of the present
disclosure includes a display section, and the light barrier
device according to the above-described embodiment of the
present disclosure.

With the light barrier device according to the embodiment
of the present disclosure, a liquid crystal layer including a
plurality of sub-regions each allowing light to pass there-
through or to be blocked is sealed between a pair of substrates,
and spacers are provided, between the pair of substrates, in a
region other than boundary region between the sub-regions.
The sub-regions are each often provided with an electrode,
and due to the influence of edges of the electrodes, for
example, the boundary portions between the sub-electrodes
easily suffer from disturbance of orientation in the liquid
crystal layer. If the spacer is disposed in such a boundary
portion, the area around the spacer easily suffers from the
larger disturbance of orientation therearound. As described
above, by providing the spacer not in the boundary portion
between the sub-regions, i.e., by providing it in the region
other than boundary region between the sub-regions, any
local change of transmittance due to such disturbance of
orientation is favorably prevented, i.e., a phenomenon in
which the area around the spacer looks more whitish than the
remaining area during black display due to the too much light
leakage therethrough is favorably prevented.

With the light barrier device according to the embodiment
of the present disclosure, a liquid crystal layer is sealed
between a pair of substrates, and the liquid crystal layer
includes a plurality of sub-regions each allowing light to pass
therethrough or to be blocked, and spacers are provided in a
region other than boundary region between the sub-regions.
Therefore, any change of transmittance due to the placement
of the spacers, e.g., light leakage during black display, is
possibly prevented such that any possible occurrence of light
unevenness is to be successfully prevented.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
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in and constitute a part of this specification. The drawings
illustrate embodiments and, together with the specification,
serve to explain the principles of the technology.

FIG. 1 is a block diagram showing an exemplary configu-
ration of a stereoscopic display unit in an embodiment of the
present disclosure.

FIGS.2A and 2B are each a diagram illustrating the exem-
plary configuration of the stereoscopic display unit of FIG. 1.

FIG. 3 is a diagram illustrating an exemplary configuration
of a display section of FIG. 1, and that of a display drive
section thereof.

FIGS. 4A and 4B are each a diagram illustrating an exem-
plary configuration of a pixel circuit of FIG. 3, and an exem-
plary cross-sectional configuration of a pixel.

FIG. 5is a diagram illustrating an exemplary configuration
of open/close sections in a liquid crystal barrier of FIG. 1.

FIGS. 6A and 6B are schematic diagrams respectively
showing an exemplary cross-sectional configuration of the
liquid crystal barrier of FIG. 1 and an exemplary configura-
tion thereof in a planar view.

FIGS. 7A and 7B are diagrams respectively illustrating an
exemplary orientation of a liquid crystal layer in the pass-
through state in the liquid crystal barrier of FIG. 1, and that in
the block state therein.

FIG. 8 is a schematic diagram showing an exemplary
operation of the liquid crystal barrier of FIG. 1 for stereo-
scopic display.

FIGS. 9A to 9C are each a schematic diagram showing an
exemplary operation of the display section of F1G. 1, and that
of the liquid crystal barrier thereof.

FIGS. 10A and 10B are each another schematic diagram
showing an exemplary operation of the display section of
FIG. 1, and that of the liquid crystal barrier thereof.

FIGS. 11A and 11B are schematic diagrams respectively
showing an exemplary cross-sectional configuration of a lig-
uid crystal barrier in a comparative example, and an exem-
plary configuration thereof in a planar view.

FIGS. 12A and 12B are schematic diagrams respectively
showing the spacer arrangement and the component dimen-
sions in the comparative example, and those in Example 1.

FIGS. 13A and 13B are each a characteristics diagram
showing the isopotential map (with no spacer) at an electrode
boundary and therearound during black display.

FIGS. 14A and 14B are each a characteristics diagram
showing the isopotential map (with a spacer at the portion of
an electrode boundary) during black display in the compara-
tive example.

FIGS. 15A and 15B are each a characteristics diagram
showing the isopotential map (with a spacer at the portion
other than boundary between electrodes) during black display
in Example 1.

FIGS. 16A and 16B are schematic diagrams respectively
showing an exemplary cross-sectional configuration of a lig-
uid crystal barrier in a modification, and an exemplary con-
figuration thereof in a planar view.

FIG. 17 is a schematic diagram showing the spacer
arrangement and the component dimensions in Example 2.

FIGS. 18A and 18B are each a characteristics diagram
showing the isopotential map during black display in
Example 2.

FIG. 19 is a schematic diagram showing the configuration
of open/close sections in a liquid crystal barrier in another
modification.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the below, an embodiment of the present disclosure is
described in detail by referring to the accompanying draw-
ings. Herein, a description is given in the following order.
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1. Embodiment (Exemplary liquid crystal barrier including
a spacer on an electrode for white display use)

2. Modification (Exemplary liquid crystal barrier including
a spacer in a no-electrode forming region (typically pass-
through region)

(Entire Configuration)

FIG.1is a diagram showing an exemplary configuration of
a stereoscopic display unit, i.e., a stereoscopic display unit 1,
in an embodiment of the present disclosure. The stereoscopic
display unit 1 in this example is a display unit capable of
realizing both stereoscopic display and normal display, i.e.,
two-dimensional display. This stereoscopic display unit 1 is
configured to include a control section 40, a display drive
section 50, a display section 20, a backlight drive section 29,
a backlight 30, a barrier drive section 9, and a liquid crystal
barrier 10 (light barrier section, light barrier device).

The control section 40 is a circuit controlling the display
drive section 50, the backlight drive section 29, and the barrier
drive section 9, to operate in synchronization with one
another by providing a control signal to each thereof based on
avideo signal Vdisp provided from the outside. To be specific,
the control section 40 provides the display drive section 50
with a video signal S based on the video signal Vdisp, the
backlight drive section 29 with a backlight control command,
and the barrier drive section 9 with a barrier control com-
mand. Herein, for stereoscopic display by the stereoscopic
display unit 1, the video signal S is configured by video
signals SA and SB each including a plurality of (six in this
example) eyepoint pictures as will be described later.

The display drive section 50 is for driving the display
section 20 based on the video signal S provided by the control
section 40. The display section 20 is for performing display
by modulating light coming from the backlight 30 through
driving of liquid crystal elements.

The backlight drive section 29 is for driving the backlight
30 based on the backlight control signal provided by the
control section 40. The backlight 30 has a function of emitting
surface-emitted light to the display section 20.

The barrier drive section 9 is for driving the liquid crystal
barrier 10 based on the barrier control command provided by
the control section 40. The liquid crystal barrier 10 includes a
plurality of open/close sections 11 and 12 (will be described
later), each of which passes or blocks light. In this example,
the barrier drive section 9 has a function of dividing light of
pictures coming from the display section 20 toward a prede-
termined direction.

FIGS. 2A and 2B are each a diagram showing an exem-
plary configuration of the main part of the stereoscopic dis-
play unit 1, and specifically, FIG. 2A shows the configuration
of the stereoscopic display unit 1 viewed diagonally, and FIG.
2B shows the configuration of the stereoscopic display unit 1
viewed from the side. As shown in FIGS. 2A and 2B, in the
stereoscopic display unit 1, the display section 20 and the
liquid crystal barrier 10 are disposed in order from the back-
light 30 side. In other words, the light coming from the back-
light 30 passes through in order the display section 20 and the
liquid crystal barrier 10 before reaching a viewer. Note that
the display section 20 and the liquid crystal barrier 10 may be
attached together or not.

(Display Drive Section 50 and Display Section 20)

FIG. 3 shows an exemplary block diagram including the
display drive section 50 and the display section 20. Pixels Pix
are arranged in a matrix in the display section 20. The display
drive section 50 is configured to include a timing control
section 51, a gate driver 52, and a data driver 53. The timing
control section 51 is for controlling a drive timing of the gate
driver 52 and the data driver 53, and for supplying the video
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signal S provided by the control section 40 to the data driver
53 as a video signal S1. The gate driver 52 is for line-sequen-
tial scanning of the pixels Pix (will be described later) in a
liquid crystal display unit 45 by making line-based sequential
selections thereof. This line-sequential scanning is performed
in accordance with the timing control performed by the tim-
ing control section 51. The data driver 53 is for supplying, to
each of the pixels Pix in the display section 20, a pixel signal
based on the video signal S1. To be specific, the data driver 53
performs D/A (Digital/Analog) conversion based on the
video signal S1, thereby generating a pixel signal being an
analog signal for a supply to each of the pixels Pix.

The display section 20 is the one configured by two trans-
parent substrates with a liquid crystal material filled therebe-
tween. These two substrates are each made of glass, for
example. As for each of these transparent substrates, the
portion facing the liquid crystal materialis formed with trans-
parent electrodes made of ITO (Indium Tin Oxide), for
example, thereby configuring the pixels Pix together with the
liquid crystal material. Such a liquid crystal material in this
display section 20 is exemplified by liquid crystal of VA
(Vertical Alignment) mode, of IPS (In-Plane Switching)
mode, TN (Twisted Nematic) mode, and others using nematic
liquid crystal, for example. In the below, the configuration of
the display section 20 (the pixels Pix) is described in detail.

FIG. 4A is a diagram showing an exemplary circuit dia-
gram of the pixel Pix. The pixel Pix includes a TFT (Thin Film
Transistor) element Tr, a liquid crystal element LC, and a
retention capacity element C. The TFT element Tr is made of
MOS-FET (Metal Oxide Semiconductor—Field Effect Tran-
sistor), for example, and in which the gate is connected to a
gate line G, the source is connected to a data line D, and the
drain is connected to an end of the liquid crystal element L.C
and to an end of the retention capacity element C. As for the
liquid crystal element L.C, an end is connected to the drain of
the TFT element Tt, and the remaining end is grounded. As for
the retention capacity element C, one end is connected to the
drain of the TFT element Tr, and the remaining end is con-
nected to a retention capacity line Cs. The gate line G is
connected to the gate driver 52, and the data line D is con-
nected to the data driver 53.

FIG. 4B is a diagram showing the cross-sectional configu-
ration of the display section 20 including the pixels Pix. As
such, in the display section 20 in cross-section, a liquid crystal
layer 203 is sealed between a drive substrate 201 and an
opposing substrate 205. The drive substrate 201 is formed
with pixel drive circuits including the TFT elements Tr
described above, and on this drive substrate 201, a pixel
electrode 202 is provided for each of the pixels Pix. The
opposing substrate 205 is formed with a color filter or/and a
black matrix that are not shown, and on the surface thereof on
the liquid crystal layer 203 side, an opposing electrode 204 is
provided for shared use by the pixels Pix. Also in the display
section 20, on the light incident side (on the backlight 30 side
in this example) and on the light exit side (on the liquid crystal
barrier 10 side in this example), polarizing plates 206a and
2065 are respectively affixed so as to be in crossed Nichols or
in parallel Nichols.

(Backlight 30)

The backlight 30 is configured to include an LED (Light
Emitting Diode) or others on the side surface of a light guide
plate, for example. Alternatively, the backlight 30 may be
configured by the arrangement of a plurality of CCFLs (Cold
Cathode Fluorescent Lamps), for example.

(Liquid Crystal Barrier 10)

FIG. 5 is a diagram showing the layout configuration of the

open/close sections in the liquid crystal barrier 10. FIG. 6A
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shows the cross-sectional configuration of the liquid crystal
barrier 10, and FIG. 6B is a schematic view in the XY plane
showing the positional relationship between a transparent
electrode layer 15a and spacers 16.

The liquid crystal barrier 10 is a so-called parallax barrier,
and as shown in FIG. 5, includes a plurality of open/close
sections 11 (second sub-regions), and a plurality of open/
close sections 12 (first sub-regions), each of which passes or
blocks light. These open/close sections 11 and 12 operate
differently depending on which type of display the stereo-
scopic display unit 1 is to perform, i.e., a normal display
(two-dimensional display) or a stereoscopic display. To be
specific, as will be described later, the open/close sections 11
are each in the open state (pass-through state) during normal
display, and during stereoscopic display, are each in the close
state (block state). As will be described later, the open/close
sections 12 are each in the open state (pass-through state)
during normal display, and during stereoscopic display, each
perform an open/close operation in a time divisional manner.
The open/close sections 11 and 12 as such are disposed each
alternately such that any of the open/close sections 11 and 12
may be selectively driven as a group, or such groups may be
driven in a time divisional manner, for example.

These open/close sections 11 and 12 are so disposed as to
extend each via a boundary section S in one direction in the
XY plane, e.g., adirection at a predetermined angle of 6 from
the horizontal direction X herein. The open/close sections 11
and 12 respectively have widths E1 and E2, which vary in
value and have a relationship of E1>E2 herein, for example.
Note that the open/close sections 11 and 12 are not restricted
to have such a relationship of width size, and E1<FE2 will also
do, or E1=E2. The boundary section S is a portion corre-
sponding to a slit between sub-electrodes 1541 and 15¢2 that
will be described later, for example. The open/close sections
11 and 12 as such are each configured to include a liquid
crystal layer, ie., a liquid crystal layer 14 that will be
described later, and are each opened and closed according to
a drive voltage to this liquid crystal layer 14.

To be specific, as shown in FIG. 6A, the liquid crystal
barrier 10 is configured to include the liquid crystal layer 14
between transparent substrates 13A and 13B each made of
glass, for example. As for these transparent substrates 13A
and 13B, the transparent substrate 13A is disposed on the
light incident side, and the transparent substrate 13B is dis-
posed on the light exit side. The surface of the transparent
substrate 13A on the liquid crystal layer 14 side is formed
with the transparent electrode layer 154, and the surface of the
transparent substrate 13B on the liquid crystal layer 14 side is
formed with a transparent electrode layer 155. These trans-
parent electrode layers 15a and 155 are each made of ITO, for
example. The transparent substrate 13A is affixed with a
polarizing plate 184 on the light incident side, and the trans-
parent substrate 13B is affixed with a polarizing plate 185 on
the light exit side. In the below, the configuration of each of
the components is described in detail.

The liquid crystal layer 14 is made of liquid crystal of TN
mode (TN liquid crystal), for example. In this embodiment,
exemplified is a case where this liquid crystal layer 14 is
driven in the normally-white mode, e.g., the liquid crystal
layer 14 passes light therethrough with no application of a
drive voltage (FIG. 7A),1.e.,a white display is performed, and
blocks light with application of a drive voltage (F1G. 7B), i.e.,
a black display is performed. More in detail, during white
display with no application of a drive voltage, directors of
liquid crystal molecules are orthogonal to one another
between the light incident and exit sides, and are aligned in
various orientations while rotating along the thickness direc-
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tion of the liquid crystal layer 14. During black display with
application of a drive voltage, onthe other hand, the directors
of liquid crystal molecules are so aligned as to go along the
thickness direction of the liquid crystal layer 14.

As for the transparent electrode layers 15a and 155, one or
both of these are divided into a plurality of sub-electrodes
each capable of an individual voltage supply. As an example,
the transparent electrode layer 154 is divided into a plurality
of sub-electrodes 15a1 and 1542, and the transparent elec-
trode layer 155 is provided as an electrode for shared use by
these sub-electrodes 15a1 and 15a2. The regions correspond-
ing to the sub-electrodes 1541 and 1542 are the open/close
sections 11 and 12, respectively, and are each equivalent to a
sub-region according to the embodiment of the present dis-
closure. Such a configuration allows application of a voltage
only to any selective region of the liquid crystal layer 14 such
that the open/close sections 11 and 12 are each changed in
state, i.e., the pass-through state (white display) or the block
state (black display). As for these transparent electrode layers
154 and 155, the surfaces on the liquid crystal layer 14 side
are each formed with an orientation film that is not shown.

The polarizing plates 18a and 185 are each for controlling
apolarization direction of light entering into the liquid crystal
layer 14 and that of light exiting therefrom. When the liquid
crystal layer 14 is made of TN liquid crystal, for example,
absorption axes of these polarizing plates 18a and 185 are so
disposed as to be orthogonal to each other.

(Placement of Spacers 16)

Insuch aliquid crystal barrier 10, a spacer 16 is disposed by
insertion between the transparent substrates 13A and 13B for
controlling the thickness of the liquid crystal layer 14. The
spacer 16 is made of resin such as photoresist, for example,
and is shaped like a column, e.g., like a cylinder. As shown in
FIGS. 6A and 6B, this spacer 16 is provided to a plurality of
selective regions on the XY plane of the liquid crystal barrier
10, specifically to regions not including the boundary sections
S, i.e., portions other than boundary region between the open/
close sections 11 and 12. In this embodiment, the spacers 16
are each absent from an edge 150e (end edge section) of the
sub-electrode 1542, i.e., are each disposed at the center por-
tion on the sub-electrode 1542 in this example. In other
words, the spacers 16 are each provided not to lie across the
region between the sub-electrodes 15a1 and 1542 (the bound-
ary section S).

The spacers 16 as such may be provided in any region not
including the boundary section S as described above, but
desirably, as in this embodiment, are each disposed on the
sub-electrode 1542 of the open/close section 12 where light is
to be passed therethrough during stereoscopic display, i.e.,
white display region. However, this is surely not restrictive,
and the spacers 16 may be each disposed on the sub-electrode
1541 in the open/close section 11.

Note that, in this embodiment, the open/close section 11
has the width E1, i.e., the width of the sub-electrode 1541, of
50 to 200 um, for example, the open/close section 12 has the
width E2, i.e., the width of the sub-electrode 1542, of 100 to
500 pm, for example, and the boundary section S has the
width of 4 to 20 um, for example. The spacer 16 has the
diameter, i.e., the diameter of the circular-shaped portion on
the XY plane, of 10 to 30 pum, for example.

In this example, the liquid crystal barrier 10 is exemplified
as operating in the normally-white mode, but this is surely not
restrictive, and alternatively, the liquid crystal barrier 10 may
operate in a normally black mode, for example. A selection
between the normally black operation and the normally-white
operation as such is made by the polarizing plates and the
liquid crystal orientation.
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For stereoscopic display, the barrier drive section 9 drives
the open/close sections 11 and 12 to perform the open/close
operation at the same timing. To be specific, although the
details will be described later, the barrier drive section 9
drives a plurality of open/close sections 12 ina group A and a
plurality of open/close sections 12 in a group B to alternately
open and close in a time divisional manner.

FIG. 8 shows an exemplary group configuration of the
open/close sections 12. The open/close sections 12 configure
two groups, for example. To be specific, a group A includes a
plurality of open/close sections 12A, and a group B includes
aplurality of open/close sections 12B. These open/close sec-
tions 12A and 12B are those alternately disposed.

FIGS. 9A to 9C each schematically show the state of the
liquid crystal barrier 10 for stereoscopic display and normal
display (two-dimensional display). Specifically, FIG. 9A
shows a state for stereoscopic display, FIG. 9B shows another
state for stereoscopic display, and FIG. 9C shows a state for
normal display. The liquid crystal barrier 10 includes alter-
nately the open/close sections 11 and 12, i.e., the open/close
sections 12A in the group A, and the open/close sections 12B
in the group B. In this example, the open/close sections 12A
and 12B are each provided to every six pixels Pix in the
display section 20. In the description below, the pixel Pix is
assumed as including three pixels of RGB, but this is surely
not restrictive. Alternatively, for example, the pixel Pix may
be a sub pixel. Note that, in the liquid crystal barrier 10, any
portion where light is to be blocked is hatched in the figure.

For stereoscopic display, in the display section 20, video
display based on the video signals SA and SB is performed in
a time divisional manner, and also in the liquid crystal barrier
10, the open/close sections 12, i.e., the open/close sections
12A and 12B, are opened and closed in synchronization with
the time divisional display on the display section 20 described
above. During such opening and closing of the open/close
sections 12, the open/close sections 11 are all to remain in the
close state, i.e., in the block state. To be specific, although the
details will be described later, as shown in FIG. 9A, when the
video signal SA is provided, in the liquid crystal barrier 10,
the oper/close sections 12A are put in the open state, and the
open/close sections 12B are put in the close state. The display
section 20 displays six eyepoint pictures included in the video
signal SA to six adjacent pixels Pix located at the positions
corresponding to these open/close sections 12A. Similarly, as
shown in FIG. 9B, when the video signal SB is provided, in
the liquid crystal barrier 10, the open/close sections 12B are
put in the open state, and the open/close sections 12A are put
in the close state. The display section 20 displays six eyepoint
pictures included in the video signal SB to six adjacent pixels
Pix located at the positions corresponding to these open/close
sections 12B.

On the other hand, for normal display (two-dimensional
display), as shown in FIG. 9C, the display section 20 produces
adisplay based on the video signal S, and in the liquid crystal
barrier 10, the open/close sections 11 and 12, i.e., the open/
close sections 12A and 12B, are all to remain in the oper state,
1.e., in the pass-through state.

(Operation and Effects)

Next, described are the operation and effects of the stereo-
scopic display unit 1 in this embodiment.
(General Description of Entire Operation)

The control section 40 controls the display drive section 50,
the backlight drive section 29, and the barrier drive section 9
to operate in synchronization with one another by providing a
control signal to each thereof based on a video signal Vdisp
provided from the outside. The backlight drive section 29
drives the backlight 30 based on a backlight control signal
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provided by the control section 40. The backlight 30 emits
surface-emitted light to the display section 20. The display
drive section 50 drives the display section 20 based on the
video signal S provided by the control section 40. The display
section 20 performs display by modulating light coming from
the backlight 30. The barrier drive section 9 drives the liquid
crystal barrier 10 based on a barrier control command pro-
vided by the control section 40. The liquid crystal barrier 10
passes or blocks light coming from the backlight 30 after it
passes through the display section 20.

(Detailed Operation for Stereoscopic Display)

By referring to several drawings, described next is the
detailed operation for stereoscopic display.

FIGS. 10A and 10B each show an exemplary operation of
the display section 20, and that of the liquid crystal barrier 10,
and specifically, FIG. 10A shows a case where a video signal
SA is provided, and FIG. 10B shows a case where a video
signal SB is provided.

Asshown in FIG. 10A, when a video signal SA is provided,
the display drive section 50 displays pixel information pieces
P1 to P6 of six pixels to six adjacent pixels Pix in the display
section 20. These pixel information pieces P1 to P6 are each
corresponding to the six eyepoint pictures included in the
video signal SA. The six pixels for displaying these pixel
information pieces P1 to P6 are assumed as being those
located adjacent to one another in the vicinity of the open/
close section 12A. On the other hand, in the liquid crystal
barrier 10, as described above, the open/close sections 12A
are all controlled to be in the open state (pass-through state),
and the open/close sections 12B are all controlled to be in the
close state (the open/close sections 11 are all controlled to be
in the close state). As such, light coming from each of the
pixels Pix in the display section 20 is limited in angle of
emission by the open/close sections 12A. In other words, the
six eyepoint pictures displayed on the display section 20 in a
space divisional manner are separated by the open/close sec-
tions 12. As for the eyepoint pictures separated as such, light
of picture based on the pixel information piece P3 is viewed
by the left eye of a viewer, and light of picture based on the
pixel information piece P4 is viewed by the right eye of the
viewer such that the pictures are perceived as three-dimen-
sional by the viewer, for example.

This is applicable also to a case when a video signal SB is
provided, and as shown in FIG. 10B, the display drive section
50 displays pixel information pieces P1 to P6 of six pixels to
six adjacent pixels Pix in the display section 20. These pixel
information pieces P1 to P6 are each corresponding to the six
eyepoint pictures included in the video signal SB. The six
pixels for displaying these pixel information pieces P1 to P6
are assumed as being those located adjacent to one another in
the vicinity of the open/close section 12B. On the other hand,
in the liquid crystal barrier 10, as described above, the open/
close sections 12B are all controlled to be in the open state
(pass-through state), and the open/close sections 12A are all
controlled to be in the close state (the open/close sections 11
are all controlled to be in the close state). As such, light
coming from each of the pixels Pix in the display section 20
is limited in angle of emission by the open/close sections 12B.
In other words, the six eyepoint pictures displayed on the
display section 20 in a space divisional manner are separated
by the open/close sections 12B. As for the eyepoint pictures
separated as such, light of picture based on the pixel infor-
mation piece P3 is viewed by the left eye of a viewer, and light
of picture based on the pixel information piece P4 is viewed
by the right eye of the viewer such that the pictures are
perceived as three-dimensional by the viewer, for example.
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As such, as for the viewer, his or her right and left eyes are
to see different pixel information pieces of any of those P1 to
P6 such that the viewer perceives the pictures as three-dimen-
sional. Moreover, with display of pictures by opening and
closing the open/close sections 12A and 12B altemately in a
time divisional manner, the viewer is to uniformly view the
pictures displayed at not-aligned different positions. As such,
the stereoscopic display unit 1 is allowed to accomplish the
resolution twice as high as with a case of driving collectively
aplurality of open/close sections 12 withno grouping thereof.
In other words, the stereoscopic display unit 1 is favorably
with the resolution of ¥ (=1%x2) of that with the two-dimen-
sional display.

The liquid crystal barrier 10 including the open/close sec-
tions 11 and 12 as such includes the liquid crystal layer 14
sealed between the transparent substrates 13A and 13B, and is
changed in state between light-passing and blocking by an
individual voltage application to each region corresponding
to each of the open/close sections 11 and 12. Accordingly, as
for the transparent electrode layers 15a and 155 for applica-
tion of a voltage to the liquid crystal layer 14, the transparent
electrode layer 154 is divided into a plurality of sub-elec-
trodes 1541 and 1542. Moreover, in such a configuration, the
spacer 16 for use to control the thickness of the liquid crystal
layer 14 is disposed in a plurality of predetermined regions. In
the below, described are the effects of the placement of the
spacers 16 by a comparative example.

Comparative Example

FIGS. 11A and 11B are diagrams respectively showing an
exemplary cross-sectional configuration of a liquid crystal
barrier (a liquid crystal barrier 100) in a comparative
example, and the placement configuration of spacers therein.
Similarly to the embodiment, the liquid crystal barrier 100
includes a liquid crystal layer 103 sealed between transparent
substrates 101A and 101B, and is provided with transparent
electrode layers 102a and 102 for application of a voltage to
the liquid crystal layer 103. The transparent substrate 101 A is
affixed with a polarizing plate 1054 on the light incident side,
and the transparent substrate 101B is affixed with a polarizing
plate 1055 on the light exit side. As for the transparent elec-
trode layers 102a and 1025, the transparent electrode layer
102¢ is divided into a plurality of transparent electrodes
10241 and 10242, and regions corresponding to the transpar-
ent electrodes 102a1 and 10242 are respectively open/close
sections. In such a configuration, spacers 104 are provided by
insertion between the transparent substrates 101A and 101B
with the aim of controlling the thickness of the liquid crystal
layer 103. Note that, in the liquid crystal barrier 100 in this
comparative example, the spacers 104 are each so disposed as
to lie across the region between the transparent electrodes
10241 and 10242, i.e., disposed in the boundary section S.

The issue here is that, if'the spacers 104 are disposed in the
boundary sections S as such, the orientation of the liquid
crystal layer 103 is largely disturbed with ease due to the
influence of edges of the transparent electrodes 10241 and
10242, i.e., specifically due to the generation of the fringe
field. When the liquid crystal layer 103 is driven in the nor-
mally-white mode, for example, a voltage is applied to any
region corresponding to the transparent electrode 10242 (or
to the transparent electrode 102¢1) for black display. In this
case, the region in the vicinity of each of the spacers 104
partially passes light therethrough too much because the lig-
uid crystal orientation is not in a desired direction. As a result,
too much light leakage occurs in the vicinity of each of the
spacers 104 so that the portion looks more whitish than the
remaining area.
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On the other hand, in the embodiment, the spacers 16 are
disposed in regions not including the boundary sections S,
i.e., in portions other than boundary region. In other words,
the spacers 16 are each disposed in a region on the sub-
electrode 1542 where the liquid crystal orientation is stable,
thereby preventing a change of transmittance to be caused by
the placement of the spacers as in the comparative example.
Example

Herein, a simulation was performed for the electric field
distribution and the state of orientationin a liquid crystal layer
in two cases, i.e., one with the spacers 104 disposed in the
boundary sections S as in the comparative example, and the
other with the spacers 16 disposed in the portions other than
boundary region (on the sub-electrodes 1542) as in the
embodiment, i.e., Example 1. For this simulation, in the com-
parative example, the spacers 104 were each disposed directly
on the boundary section S as shown in FIG. 12A, and the
boundary section S was set to have the width of 8 um, and the
spacer 104 to have the diameter of 20 um. On the other hand,
in Example 1, as shownin FIG. 12B, the spacers 16 were each
disposed at the center portion on the sub-electrode 1542, and
the boundary S was set to have the width of 8 um, the spacer
16 to have the diameter of 20 um, and the sub-electrode 15a2
to have the width (E2) of 50 pm. Moreover, in both the
comparative example and Example 1, the liquid crystal layer
was set to have the thickness (the height of the spacer) of 3.5
pm.
FIG. 14A shows the isopotential map being a calculation
result as such in the comparative example, and FIG. 14B
shows the state of liquid crystal orientation therein. FIG. 15A
shows the isopotential map in Example 1, and FIG. 15B
shows the state of liquid crystal orientation therein. More-
over, FIGS. 13A and 13B respectively show the isopotential
map in the vicinity of the boundary section S, and the state of
liquid crystal orientation therein. Herein, FIGS. 13A and 13B
each correspond to the cross section in the vicinity of the
boundary section S along a line X1 of FIG. 12A, and FIGS.
14A and 14B each correspond to the cross section in the
vicinity of the boundary section S along a line X2 thereof.
FIGS. 15A and 15B each correspond to the cross section of
the open/close section 12, i.e., region corresponding to the
sub-electrode 1542, along a line X3 of FIG. 12B. The change
of color represents the change of electric potential, showing
the gradual increase of electric potential in order of blue,
green, yellow, orange, and red, 1.e., the portion of blue is at the
lowest potential (0 V in this example), and the portion of red
is at the highest potential (7 V in this example).

As shown in FIGS. 13A and 13B, in the region correspond-
ing to the boundary section S, the fringe field is generated due
to the influence of the edges of the electrodes. The liquid
crystal orientation is thus known to be disturbed because the
liquid crystal molecules do not arise enough. As such, as in
the comparative example, if the spacers 104 are disposed in
the boundary sections S, the electric field distribution and the
liquid crystal orientation look like those shown in FIGS. 14A
and 14B, respectively. Therefore, in the region corresponding
to the boundary section S, i.e., the cross section along a line
Y1 of FIG. 12A, the electric field distribution of FIG. 13A and
that of FIG. 14A both exist. This means that, also as for the
liquid crystal orientation, the state of orientation of FIG. 13B
and that of FIG. 14B both exist around the spacer 104. As a
result, in the vicinity of the spacer 104, the liquid crystal
orientation becomes more unstable, thereby easily causing
light leakage in the boundary section S and in the region in the
vicinity of the spacer 104. Note that, in FIGS. 14A and 14B,
a reference numeral 104D denotes the region where the
spacer 104 is disposed.
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On the other hand, in Example 1, as shown in FIGS. 15A
and 15B, the liquid crystal orientation is not disturbed
because the spacer 16 is disposed on the sub-electrode 1542
where the electric field distribution is flat. And thereby, the
electric field distribution becomes symmetric on the cross
section along the line X3 and that along the line Y2 so that the
liquid crystal orientation becomes stable. Note that, in FIGS.
15A and 15B, a reference numeral 16D denotes the region
where the spacer 16 is disposed. As such, in the embodiment
in which the spacer 16 is disposed in the portion other than
boundary region between the open/close sections 11 and 12,
the liquid crystal orientation is not disturbed due to the place-
ment of the spacer, thereby favorably preventing a change of
transmittance that is to be caused thereby.

With the spacer 16 disposed on the sub-electrode 1542, i.e.,
with the spacer 16 disposed in the open/close section 12 that
is to be displayed in white during stereoscopic display, the
effects as below are favorably produced. Since the spacer 16
affects the liquid crystal orientation therearound, the light
leakage occurs in the area around the spacer 16, and thus the
resulting display is not black enough. As such, by providing
the spacers 16 not in the open/close sections 11 (not on the
sub-electrodes 15a1) used for black display (block regions)
butin the open/close sections 12 (on the sub-electrodes 15a2)
used as white display (pass-through regions), the light leak-
age in portions of black display is successfully prevented.

In this case, the spacers 16 are each desirably absent from
the edge 150¢ of the sub-electrode 1542, and more desirably,
they are each disposed at the center portion on the sub-elec-
trode 1542. This means that the spacers 16 are to be disposed
at regions where the electric field distribution is flatter,
thereby preventing more the liquid crystal orientation from
being disturbed by the placement of the spacers.

As described above, in the embodiment, the display section
20 displays a plurality of eyepoint pictures in a space divi-
sional manner, and thus displayed pictures are passed or
blocked by the plurality of open/close sections 11 and 12 of
the liquid crystal barrier 10. As such, as for a viewer, his orher
right and left eyes perceive different perspective images so
that the stereoscopic display is produced. In the liquid crystal
barrier 10, by providing the spacers 16 in the regions not
including the boundary sections S (portions other than bound-
ary region; on the sub-electrodes 1542 in this example), the
spacers 16 are to be positioned in any region where the elec-
tric field distribution is flat, i.e., region where the liquid crys-
tal orientation is stable, thereby being able to preventing any
change of transmittance resulted from the placement of the
spacers. As such, realized is the liquid crystal barrier 10
capable of preventing any possible occurrence of light
unevenness.

Note that, in the embodiment described above, exemplified
is the case where the spacers 16 are disposed in the open/close
sections 12. However, the spacers 16 may serve well as long
as they are disposed in the regions not including the boundary
sections S, i.e., may be disposed in the open/close sections 11.
However, with thereasons described above, the spacers 16 are
desirably disposed not in the open/close sections 11 of black
display but in the open/close sections 12 of white display.
(Modification)

Described next is a liquid crystal barrier in a modification
of the embodiment described above. Herein, any component
same as that in the embodiment described above is provided
with the same reference numeral, and is not described again if
appropriate.

(Configuration)

FIG. 16 A shows the cross-sectional configuration of a lig-

uid crystal barrier in a modification, i.e., a liquid crystal
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barrier 104, and FIG. 16B is a schematic planar view in the
XY plane showing the positional relationship between trans-
parent electrode layers and spacers. The liquid crystal barrier
10a is a parallax barrier for use in a stereoscopic display unit
including the backlight 30 and the display section 20 simi-
larly to those in the embodiment described above. The liquid
crystal barrier 10a is configured to include the liquid crystal
layer 14, and for stereoscopic display, is driven such that
regions for light blocking and regions for light passing are
alternately formed.

In the liquid crystal barrier 10a in this modification, a
plurality of open/close sections 11, i.e., third sub-regions, and
a plurality of light-passing sections 22, i.e., fourth sub-re-
gions, are alternately disposed. The open/close sections 11
are allowed to be changed in state between light passing and
blocking, and the light-passing sections 22 typically pass
light therethrough irrespective of a drive voltage. In other
words, in the liquid crystal barrier 10q, similarly to the
embodiment described above, the open/close sections 11 are
controlled to be in the open state during normal display, and
are controlled to be in the close state during stereoscopic
display. On the other hand, the light-passing sections 22 are
controlled to be in the open state irrespective of which dis-
play, i.e.,normal display or stereoscopic display. In the below,
the specific configuration of such a liquid crystal barrier 10a
is described.

Similarly to the liquid crystal barrier 10 in the embodiment
described above, the liquid crystal barrier 10a includes the
liquid crystal layer 14 between the transparent substrates 13A
and 13B. The surface of the transparent substrate 13A on the
liquid crystal layer 14 side is formed with a transparent elec-
trode layer 194, and the surface of the transparent substrate
13B on the liquid crystal layer 14 side is formed with the
transparent electrode layer 155. The transparent substrate
13A is affixed with the polarizing plate 18a on the light
incident side, and the transparent substrate 13B is affixed with
the polarizing plate 185 on the light exit side.

At least either the transparent electrode layer 19a or 155
(the transparent electrode layer 19a in this example) is
divided into a plurality of sub-electrodes 1941 similarly to the
embodiment described above. Note that, in this modification,
these sub-electrodes 1941 are disposed only in the open/close
sections 11, and are not disposed in the light-passing sections
22. In other words, the light-passing sections 22 are electrode
no-forming regions of including no electrode at least on the
side of one ofthe transparent substrates. As for the transparent
electrode layer 155 on the transparent substrate 13B side,
similarly to the embodiment described above, itis a so-called
solid electrode formed for shared use by a plurality of sub-
electrodes 19a1. With such a configuration, the open/close
sections 11 are allowed to be changed in state between light
blocking and passing by application of a drive voltage. On the
other hand, the light-passing sections 22 serve as light-pass-
ing regions of typically white display when the liquid crystal
layer 14 is driven in the normally-white mode, for example.

The open/close sections 11 are so disposed as to extend at
predetermined intervals corresponding to the light-passing
sections 22 in one direction in the XY plane, e.g., a direction
at a predetermined angle of 8 from the horizontal direction X.
Herein, the open/close sections 11 and the light-passing sec-
tions 22 may each have different width or not.

In such a configuration, also in this modification, a plural-
ity of spacers 16 are disposed by insertion between the trans-
parent substrates 13A and 13B for controlling the thickness of
the liquid crystal layer 14. The spacers 16 are provided to a
plurality of selective regions on the XY plane of the liquid
crystal barrier 10, specifically in regions not including the
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boundary sections S1, i.e., portions other than boundary
region between the open/close sections 11 and the light-
passing sections 22. In other words, the spacers 16 are pro-
vided not in the edge portions of the sub-electrodes 1941, i.e.,
absent from the edge portions thereof. To be specific, the
spacers 16 are each provided at the center portion of the
light-passing section 22. The spacers 16 are desirably pro-
vided in the light-passing sections 22 among such regions not
including the boundary sections S1, i.e., the open/close sec-
tions 11 and the light-passing sections 22. This is because, in
the normally-white mode, the area around the spacers 16 is
not displayed in black enough as described in the embodi-
ment above, and thus the spacers 16 are desirably disposed
not in the regions of black display but in the regions of white
display.

(Effects)

In this modification, a stereoscopic display is produced as
a result of separation of eyepoint pictures by light coming
from the backlight 30 being blocked by the open/close sec-
tions 11 in the liquid crystal barrier 10 after it passing through
the display section 20, and then by it passing through the
light-passing sections 22. In this modification, since every
light-passing section 22 remains to serve as a typically light-
passing section, display is not performed in a time divisional
manner as a group basis as in the embodiment described
above, but there is no need for a voltage supply to the light-
passing sections 22. Accordingly, the electrode wiring is
reduced such that the configuration is favorably simplified.
Herein, a two-dimensional display is realized by leaving the
open/close sections 11 in the open state.

The liquid crystal barrier 10a as above includes a plurality
of spacers 16 between the transparent substrates 13A and
13B. Also in this modification, these spacers 16 are disposed
in regions not including the boundary sections S1. Since the
open/close sections 11 are each provided with the sub-elec-
trode 1941, in the boundary sections S1, the fringe field is
generated due to the influence of the edges of the sub-elec-
trodes 1941, whereby the liquid crystal orientation is dis-
turbed. In this modification, by providing the spacers 16 not in
such regions where the liquid crystal orientation is disturbed,
the possible disturbance of the liquid crystal orientation to be
caused by the placement of the spacers is to be possibly
prevented. Moreover, by providing the spacers 16 to the light-
passing sections 22 of typically white display, as described
above, any change of transmittance possibly caused by light
passing through the spacers 16 themselves is to be possibly
prevented. As such, the effects similar to those in the embodi-
ment described above are possibly achieved.

Example

Herein, a simulation was performed for the electric field
distribution and the state of orientation in a liquid crystal layer
in a case where the spacers 16 are disposed in the portions
other than boundary region (the light-passing sections 22) as
in the modification, i.e., Example 2. For this simulation, the
spacers 16 were each disposed at the center portion of the
region corresponding to the light-passing section 22, i.e., the
region between the sub-electrodes 19al. The spacer 16 was
set to have the diameter of 20 pm, the light-passing section 22
to have the width of 50 um, and the liquid crystal layer to have
the thickness (the height of the spacer) of 3.5 pm.

FIG. 18A shows the isopotential map being a calculation
result as such in Example 2, and FIG. 18B shows the state of
liquid crystal orientation therein. Herein, FIGS. 18A and 18B
each correspond to the cross section of the light-passing sec-
tion 22 along a line X4 of FIG. 17. The relationship between
the electric potential and the color is similar to that in the
Example 1 described above. However, since the light-passing
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section 22 has no electrode on the transparent substrate 13A
side, the liquid crystal layer 14 is at 0 V in its entirety, for
example. In Example 2 as such, since the spacers 16 are
disposed in the light-passing sections 22 each being a region
of typically white display, the liquid crystal orientation is not
disturbed in the open/close sections 11 each being a region of
black display.

Note that, in the modification described above, exemplified
is the case where the spacers 16 are disposed in the light-
passing sections 22. However, the light-passing sections 22
are surely not restrictive, and the spacers 16 may serve well as
long as they are disposed in the regions not including the
boundary sections S1, i.e., absent from the edge portions of
the sub-electrodes 19a1. Alternatively, the spacers 16 may be
disposed in the open/close sections 11. However, as described
above, the spacers 16 are desirably disposed not in the open/
close sections 11 of black display but in the open/close sec-
tions 12 of white display, i.e., the light-passing sections 22 in
this example.

As such, while the present disclosure has been described in
detail with the embodiment and the modification, the forego-
ing description is in all aspects illustrative and not restrictive.
It is understood that numerous other modifications and varia-
tions is to be devised. For example, in the embodiment and
others described above, the display section 20 and the liquid
crystal barrier 10 are disposed in order from the backlight 30
side. Alternatively, the positional relationship between the
display section 20 and the liquid crystal barrier 10 may be
inverted. In other words, between the backlight 30 and the
display section 20, the liquid crystal barrier 10 may be pro-
vided. If this is the configuration, stereoscopic display is
realized by an open/close operation in the open/close sections
of the liquid crystal barrier 10 in synchronization with video
display on the display section 20 as described above.

Moreover, in the embodiment and others described above,
exemplified is the case where a plurality of open/close sec-
tions in the liquid crystal barrier extends in the diagonal
direction on the XY plane. The placement of the open/close
sections is not restricted to such a diagonal direction. As
shown in FIG. 19, for example, a plurality of open/close
sections 31 and 32 may be provided alternately and alongaY
direction for light passing or blocking.

Furthermore, also in the embodiment described above, for
stereoscopic display, in the plurality of open/close sections 11
and 12 in the liquid crystal barrier 10, the open/close sections
11 are driven to remain in the close state, and the open/close
sections 12 to be in the open state based on a video signal.
Alternatively, such driving may be performed inversely, i.e.,
the open/close sections 12 are put to remain in the close state,
and the open/close section 11 are put in the open state based
on a video signal.

Still further, in the embodiment described above, for deriv-
ing a high resolution, out of the open/close sections 11 and 12,
the open/close sections 12 are divided into two groups A and
B, and these groups A and B are driven in a time divisional
manner. [n the present disclosure, however, video display ina
time divisional manner as such is not necessarily expected. In
other words, as an example, every open/close section 11 in the
liquid crystal barrier 10 may be driven to be in the close state,
and every open/close section 12 may be driven to be in the
open state, thereby separating eyepoint pictures. Still alterna-
tively, the open/close sections 12 may be divided into three
groups or more, and these three or more groups may be driven
sequentially.

Still further, in the embodiment and others described
above, the video signals SA and SB are each assumed to
include six eyepoint pictures. This is surely not the only
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option, and the video signals may each include five eyepoint
pictures or less, or seven eyepoint pictures or more. When the
video signal includes five eyepoint pictures, for example, the
open/close sections 12 may be each provided to every five
pixels Pix in the display section 20. Herein, the eyepoint
pictures are not necessarily provided as many as the pixels for
display thereof. In other words, for example, the pixel infor-
mation pieces for display to the plurality of adjacent pixels
may not necessarily be those viewed from different eyepoints,
and some may be those viewed from the same eyepoint.

What is claimed is:

1. A light barrier device comprising:

aliquid crystal layer sealed between a pair of substrates, to
include a plurality of sub-regions each sub-region con-
figured to allow light to or from several pixels of a
display section to pass therethrough or to be blocked,
and

spacers each provided, between the pair of substrates, in a
region not including a boundary region between the
sub-regions.

2. The light barrier device according to claim 1, further

comprising:

a pair of electrodes allowing the liquid crystal layer to be
supplied with a voltage, wherein

one or both of the pair of electrodes each includes a sub-
electrode for each of the sub-regions, and

the spacers are provided on sub-electrodes selected from a
plurality of sub-electrodes.

3. The light barrier device according to claim 2, wherein

the sub-regions include a first sub-region allowing light to
pass therethrough, and a second sub-region allowing
light to be blocked, and

a spacer 1s provided on a sub-electrode in the first sub-
region.

4. The light barrier device according to claim 3, wherein

the spacer is absent from an edge of the sub-electrode.

5. The light barrier device according to claim 4, wherein

the spacer is provided at a center away from the edge of the
sub-electrode.

6. The light barrier device according to claim 1, further

comprising:

a pair of electrodes allowing the liquid crystal layer to be
supplied with a voltage, wherein

one or both of the pair of electrodes each include a plurality
of sub-electrodes, and

the spacer is provided only in a third sub-region selected
from the sub-regions.

7. The light barrier device according to claim 6, wherein

the third sub-region allows light to be blocked, and another
fourth sub-region selected from the sub-regions allows
light to pass therethrough,

the spacer is provided in the fourth sub-region.

8. The light barrier device according to claim 7, wherein

a spacer is provided at a center of the fourth sub-region.

9. The light barrier device according to claim 1, wherein

the liquid crystal layer is driven in a normally-white mode.

10. A light barrier device, comprising:

aliquid crystal layer provided between a pair of substrates;

a plurality of sub-electrodes provided to the pair of sub-
strates, configured to perform switching drive to allow a
transmittance of the liquid crystal layer to be changed
and to thereby allow light to or from several pixels of a
display section to pass therethrough or to be blocked;
and

spacers provided between the pair of substrates, wherein
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each of the spacers is provided on each of the sub-elec-
trodes in a region not including a boundary region
between the sub-electrodes.

11. The light barrier device according to claim 10, wherein

the spacers are provided only on sub-electrodes to be
driven at a same timing, of the plurality of sub-elec-
trodes.

12. A display unit comprising a display section and a light

barrier device, the light barrier device comprising:

a liquid crystal layer sealed between a pair of substrates,
and including a plurality of sub-regions each sub-region
configured to allow light to or from several pixels of the
display section to pass therethrough or to be blocked;
and

spacers each provided, between the pair of substrates, in a
region not including a boundary region between the
sub-regions.
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