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FIG. 5
Comparative example Example
Driving voltags[V] 3.7 4.0
Blue (450nm) 10.4 5.0
Transmittance [%] |Green (550nm) 0.8 0.8
Red (650nm) 1.9 9.0
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VIEWING ANGLE CONTROL DEVICE AND
DISPLAY PROVIDED WITH THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a viewing angle
control device that can switch a viewing angle between a wide
viewing angle and a narrow viewing angle by using birefrin-
gence of liquid crystal, and a display provided with the same.

BACKGROUND

[0002] Nowadays, a liquid crystal display has been used
commonly in personal computers, PDAs (persona digital
assistants), mobile phones, and the like. As such devices
become widespread, the chances of displaying information
on a liquid crystal display screen in public are increasing.
[0003] The following is a brief description of a configura-
tion of a conventional liquid crystal display. The liquid crystal
display has a liquid crystal layer sandwiched between a pair
of translucent substrates. On one of the translucent substrates
i.e., an active matrix substrate), data signal lines to which
display data is applied and gate signal lines for driving active
elements described below are arranged in matrix. At each
intersection of the data signal lines and the gate signal lines,
the active element such as a thin film transistor (TFT) to
which a picture element electrode is connected is connected.
The picture element electrodes are arranged on the translu-
cent substrate in matrix. On the other translucent substrate
(i.e., a counter substrate), a color filter layer including color
filters of red, green, and blue, and a black matrix for prevent-
ing light leakage between these color filters is formed. On the
color filter layer, a transparent conductive film functioning as
a counter electrode for driving liquid crystal is laminated.
[0004] Further, on each of the active matrix substrate and
the counter substrate, a Liquid crystal alignment film made of
polyimide or the like is formed under a predetermined con-
dition, followed by an alignment treatment such as rubbing in
accordance with a desired viewing angle. Then, a spacer such
as plastic beads for forming a cell gap is arranged on one of
the substrates, and an adhesive such as a thermosetting sealant
Is applied to the periphery of a display area on the other
substrate. Thereafter, the active matrix substrate and the
counter substrate are adhered to each other with the adhesive,
and a liquid crystal material is injected between the substrates
by a vacuum injection method or the like, followed by sealing
of an injection port. In this manner a liquid crystal display
element is obtained.

[0005] Meanwhile, a liquid crystal display is required to
have display quality such as high brightness, high contrast,
high definition, and a wide viewing angle, which is being
improved rapidly. In particular, conventional modes such as a
TN (twisted nematic) mode and a STS (super twisted nem-
atic) mode are disadvantageous in that they lead to a narrow
viewing angle. In order to overcome this disadvantage, liquid
crystal modes capable of providing a wide viewing angle,
such as MVA (multi-domain vertical alignment), CPA (con-
tinuous pinwheel alignment), IPS (in-plane switching), FFS
(fringe field switching), OCB (optically compen stated bire-
fringence), are being developed. However, the development
of such liquid crystal modes capable of providing a wide
viewing angle has led to another problem.

[0006] That is, when a user observes a screen of a mobile
personal computer, a PDA, a mobile phone, or the like having
a wide viewing angle in public, the wide viewing angle of the
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screen allows others to view the screen from a viewing angle
in a direction other than a front direction for the user, such as
a horizontal direction, which may result in leakage of private
information. Nowadays, combined with enforcement of the
Personal Information Protection Law, there has been an
increasing demand from users for privacy protection by mak-
ing a viewing angle narrower contrary to a conventional ten-
dency. To this end, it has been popular to attach a viewing
angle adjusting film for making a viewing angle narrower to
a screen, which, however, always makes the viewing angle
narrower. Thus, it also has been demanded to switch dynami-
cally between a wide viewing angle inherent in a display and
anarrow viewing angle in favor of privacy protection accord-
ing to need. In view of this, a display in which a viewing angle
control device capable of switching dynamically between a
wide viewing angle and a narrow viewing angle by using
birefringence of liquid crystal is provided on a display device
for displaying an image has been proposed.

[0007] Various systems of viewing angle control devices
using liquid crystal have been proposed, such as a light dis-
persion system using polymer-dispersed liquid crystal (Japa-
nese Patent No. 3481741 and JP 7(1995)-333640 A), a light
absorption system using guest host liquid crystal (JP
10(1998)-197844 A), a TN mode (JP 10(1998)-268251 A), an
IPS mode (JP 11(1999)-30783 A), a hybrid alignment mode
(JP2005-275342 A), and a homogeneous alignment mode (JP
2005-316407 A).

[0008] Inparticular, the viewing angle control device using
homogeneously aligned liquid crystal as disclosed in JP
2005-316407 A has many advantages such as a simple manu-
facturing process, capability of switching between a wide
viewing angle and a narrow viewing angle, and relatively high
transmittance in a normal direction. With reference to FIGS.
11A and 11B, a configuration of the viewing angle control
device using homogeneously aligned liquid crystal will be
described. FIG. 11A is a schematic view showing a state of
liquid crystal molecules during a wide viewing angle mode of
the viewing angle control device, and FIG. 11B is a schematic
view showing a state of the liquid crystal molecules during a
narrow viewing angle mode of the viewing angle control
device. In FIGS. 11A and 11B, reference numerals 91 and 92
denote a pair of translucent substrates, and reference numeral
93 denotes liquid crystal molecules in a liquid crystal layer
sandwiched between the translucent substrates 91 and 92.
Arrows denoted by reference numerals 94 and 95 represent
polarization-transmission axes of polarizers laminated on the
translucent substrates 91 and 92. The polarization-transmis-
sion axes 94 and 95 are parallel to each other. Alignment films
on the translucent substrates 91 and 92 are subjected to a
so-called anti-parallel rubbing treatment in directions sub-
stantially parallel to the polarization-transmission axes 91
and 92 and opposite to each other between the translucent
substrates 91 and 92.

[0009] Inthis viewing angle control device, in a state where
no voltage is applied to the liquid crystal layer, the liquid
crystal molecules 93 are arranged such that their long
molecular axes are substantially horizontal to the polariza-
tion-transmission axes 94 and 95 as shown in FIG. 11A. Thus,
even if a view point is inclined horizontally with respect to a
panel from a normal direction of the substrates (i.e., in a plane
perpendicular to the polarization-transmission axes 94 and
95), no phase difference occurs in the liquid crystal layer,
thereby maintaining a wide viewing angle of a display device
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on which the viewing angle control device is laminated. This
state is referred to as a wide viewing angle state.

[0010] On the other hand, when a predetermined voltage is
applied to the liquid crystal layer; the liquid crystal molecules
93 rise at an inclination angle 6 with respect to a substrate
surface in accordance with the applied voltage as shown in
FIG. 11B. Consequently, if a view point is inclined horizon-
tally with respect to the panel from the normal direction of the
substrates, a phase difference occurs in the liquid crystal
layer. When the inclination of the view point reaches a certain
angle, a black display is caused according to VT (voltage-
transmittance) characteristics as shown in FIG. 12. In this
manner, a display on the display device is shielded by the
black display of the viewing angle control device in a hori-
zontal direction other than the normal direction (front side) of
the substrates. This state is referred to as a narrow viewing
angle state.

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0011] In the viewing angle control device using birefrin-
gence of the liquid crystal as described above, coloring occurs
during the black display due to wavelength dispersion of the
birefringence of the liquid crystal. More specifically, the
refractive index of the liquid crystal varies depending on the
wavelength of incident light. Thus, in the case of white inci-
dent light, when the white light is separated into respective
components of blue (in the vicinity of a wavelength of 450
nm), green an the vicinity of a wavelength of 550 nm), and red
(in the vicinity of a wavelength of 650 nm), the refractive
index of the liquid crystal varies depending on the color.
Accordingly the bottom (a voltage value that causes the black
display) in the VT characteristics varies among the respective
components of red, blue, and green as shown in FIG. 13.
Thus, the transmittance of the respective components of red,
blue, and green varies with respect to an applied voltage,
which results in the occurrence of coloring.

[0012] The present invention was made in view of the fore-
going problem, and it is an object of the present invention to
provide a viewing angle control device that includes a means
for adjusting VT characteristics of the viewing angle control
device, so as to cause a black display without coloring during
a narrow viewing angle state, and a display provided with the
same.

Means for Solving Problem

[0013] In order to achieve the above-described object, a
display according to the present invention includes: a display
device including picture elements of a plurality of colors,
each being driven in accordance with an image to be dis-
played; and a viewing angle control device that is arranged on
atleast one of a backside and a front side of the display device
and controls a viewing angle of the display device. The view-
ing angle control device includes; a pair of substrates, each
including at least an electrode and an alignment film; liquid
crystal sandwiched between the pair of substrates; a driving
circuit that applies a voltage to the electrode provided on each
of the pair of substrates; and a pair of polarizers provided so
as to sandwich the pair of substrates therebetween. The driv-
ing circuit switches the voltage to be applied to the electrode,
thereby switching a range of the viewing angle in which a
display on the display device can be viewed, between a first
state providing a first viewing angle range and a second state
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providing a second viewing angle range that is within the first
viewing angle range and narrower than the first viewing angle
range. The viewing angle control device includes a dielectric
film at a position corresponding to the picture element of at
least one of the colors in the display device on at least one of
the pair of substrates, the dielectric film adjusting voltage-
transmittance characteristics of the liquid crystal of the view-
ing angle control device.

[0014] In the above-described display it is preferable that
the picture elements of the plurality of colors include picture
elements of three colors that blend to make white, and the
viewing angle control device includes the dielectric films at
positions corresponding to the picture elements of two of the
three colors in the display device on at least one of the pair of
substrates, the dielectric films having thicknesses that vary
depending on the color.

[0015] In the above-described display it is preferable that
the picture elements of the three colors are picture elements of
red, green, and blue, and the dielectric films are provided at
positions corresponding to the red and green picture elements
in the display device on at least one of the pair of the sub-
strates.

[0016] Further, in the above-described display the dielec-
tric film may have a film thickness d that can be obtained by
the following formula. In the formula, VST is the highest
voltage value among applied voltages that respectively lead to
minimum transmittance for wavelength components of the
three colors when the dielectric film is not provided, Vmin is
an applied voltage that leads to minimum transmittance for a
wavelength component of the color of the picture element to
which the dielectric film corresponds, €s is a dielectric con-
stant of the dielectric film, eLLC is a dielectric constant of the
liquid crystal when the voltage VST is applied, and dL.C is a
thickness of the liquid crystal layer.

d=esxdLC(VST-Vmin)/(VminxeL C)

[0017] In the above-described display, it is preferable that
the liquid crystal layer of the viewing angle control device
includes positive-type nematic liquid crystal, the polarizers
are arranged so that their polarization-transmission axes are
substantially parallel to rubbing directions of the alignment
films, and the driving circuit provides the first viewing angle
range by applying no voltage to the liquid crystal layer, and
provides the second viewing angle range by applying a pre-
determined voltage to the liquid crystal layer.

[0018] Further, in the above-described display, it is prefer-
able that the alignment films provided respectively on the pair
of' substrates of the viewing angle control device are subjected
to a rubbing treatment in directions parallel and opposite to
each other.

[0019] Further, in order to achieve the above-described
object, a viewing angle control device according to the
present invention is arranged on at least one of a backside and
a front side of a display device, and controls a viewing angle
of the display device, the display device including picture
elements of a plurality of colors, each being driven in accor-
dance with an image to be displayed. The viewing angle
control device includes: a pair of substrates, each including at
least an electrode and an alignment film; liquid crystal sand-
wiched between the pair of substrates; a driving circuit that
applies a voltage to the electrode provided on each of the pair
of substrates; and a pair of polarizers provided so as to sand-
wich the pair of substrates therebetween. The driving circuit
switches the voltage to be applied to the electrode, thereby
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switching a range of the viewing angle in which a display on
the display device can be viewed, between a first state pro-
viding a first viewing angle range and a second state provid-
ing a second viewing angle range that is within the first
viewing angle range and narrower than the first viewing angle
range. The viewing angle control device includes a dielectric
film at a position corresponding to the picture element of at
least one of the colors in the display device on at least one of
the pair of substrates, the dielectric film adjusting voltage-
transmittance characteristics of the liquid crystal.

Effects of the Invention

[0020] According to the present invention, in order to adjust
VT characteristics of the viewing angle control device, the
viewing angle control device includes a dielectric film for
adjusting the voltage-transmittance characteristics of liquid
crystal at a position corresponding to a picture element of at
least one color in the display device on at least one of a pair of
substrates that sandwich the liquid crystal therebetween.
Therefore, it is possible to provide a viewing angle control
device that can provide a black display without coloring and
achieve a significantly improved shielding ability during a
narrow viewing angle state, and a display using the same.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG.1isacross-sectional view showing a schematic
configuration of a display according to an embodiment of the
present invention.

[0022] FIG. 2 is a schematic view showing a connection
state between translucent electrode films and a driving circuit
of'a viewing angle control liquid crystal panel according to an
embodiment of the present invention.

[0023] FIG. 3 is a graph showing VT characteristics of the
viewing angle control liquid crystal panel according to an
embodiment of the present invention.

[0024] FIG. 4 is a graph showing VT characteristics of a
prototype panel according to a comparative example of the
present invention, which is observed at a predetermined angle
from a normal direction to a horizontal direction of the panel.
[0025] FIG.Sisacross-sectional view showing a schematic
configuration of the prototype panel according to the com-
parative example of the present invention.

[0026] FIG. 6 is an explanatory diagram showing the trans-
mittance of each color component when a voltage of 3.7 V is
applied to the viewing angle control liquid crystal panel
according to the comparative example, and the transmittance
of'each color component when a voltage 0of 4.0V is applied to
a viewing angle control liquid crystal panel according an
example of the present invention.

[0027] FIG. 7 is a schematic view showing a positional
relationship between picture elements in a display liquid
crystal panel and translucent dielectric films in a viewing
angle control device in a display according to a variation of
the present invention.

[0028] FIG. 8 is a schematic view showing a positional
relationship between picture elements in a display liquid
crystal panel and translucent dielectric films in a viewing
angle control device in a display according to a variation of
the present invention.

[0029] FIG. 9 is a schematic view showing a positional
relationship between picture elements in a display liquid
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crystal panel and translucent dielectric films in a viewing
angle control device in a display according to a variation of
the present invention.

[0030] FIG. 10 is a schematic view showing a positional
relationship between picture elements in a display liquid
crystal panel and translucent dielectric films in a viewing
angle control device in a display according to a variation of
the present invention.

[0031] FIGS. 11A and 11B are schematic views showing
states of liquid crystal molecules during a wide viewing angle
state and a narrow viewing angle state, respectively, in a
conventional viewing angle control device.

[0032] FIG. 12 is a graph showing the dependence of trans-
mittance on polar angle during the wide and narrow viewing
states in the conventional viewing angle control device.

[0033] FIG. 13 is a graph showing VT characteristics of
each color component when the conventional viewing angle
control device is viewed from an oblique direction.

DESCRIPTION OF THE INVENTION

[0034] Hereinafter, a specific embodiment of the present
invention will be described with reference to the drawings.
Each figure, which will be referred to in the following, shows
only main members required for describing the present inven-
tion among constituent members of the embodiment of the
present invention, in a simplified manner for convenience of
explanation. Thus, a display according to the present inven-
tion can include any constituent members not shown in each
figure. Further, the size and size ratio of the members in each
figure do not exactly reflect those of actual constituent mem-
bers.

[0035] FIG.1isacross-sectional view showing a schematic
configuration of a liquid crystal display according to an
embodiment of the present invention. As shown in FIG. 1, the
liquid crystal display according to the present embodiment
includes two liquid crystal panels, i.e., a display liquid crystal
panel 1 (display device) for displaying an image and a view-
ing angle control liquid crystal panel 2 (viewing angle control
device). The viewing angle control liquid crystal panel 2 of
the present embodiment is arranged on an observer side rela-
tive to the display liquid crystal panel 1. In the embodiment
shown in FIG. 1, the display liquid crystal panel 1 is a trans-
mission liquid crystal display device, and a backlight 3 is
arranged on a backside of the display liquid crystal panel 1.
However, in the liquid crystal display to which the present
invention is applied, the display liquid crystal panel 1 is not
limited to the transmission liquid crystal display device, and
may be a semi-transmission liquid crystal panel or a reflection
liquid crystal panel. When the display liquid crystal panel 1 is
a reflection liquid crystal panel, the backlight 3 is not neces-
sary. In the embodiment shown in FIG. 1, the viewing angle
control liquid crystal panel 2 is arranged on a front side of the
display liquid crystal panel 1. However, the viewing angle
control liquid crystal panel 2 may be provided on a backside
of the display liquid crystal panel 1. Alternatively, one or
more viewing angle control liquid crystal panels 2 may be
provided on each of the backside and the front side of the
display liquid crystal panel 1.

[0036] Thedisplay liquid crystal panel 1 is an active matrix
type liquid crystal display device, for example, and includes
a liquid crystal material (not shown) sandwiched between a
pair of translucent substrates 101 and 102. In FIG. 1, the
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translucent substrate 101 is a color filter substrate (counter
substrate), and the translucent substrate 102 is an active
matrix substrate.

[0037] More specifically, on the translucent substrate 101,
color filters 103, a translucent electrode film 104 functioning
as a counter electrode, and an alignment film 105 are lami-
nated. On the other hand, on the translucent substrate 102,
active elements such as TFTs and signal lines and scanning
lines for driving the active elements (which are not shown) are
formed in a known manner. Further, a pixel electrode 106
patterned for each picture element and an alignment film 107
are provided. Although the display liquid crystal panel 1
includes a driving circuit for supplying a driving signal to the
signal lines and the scanning lines, it is not shown in FIG. 1.
[0038] The color filters 103 including red color filters 1037
green color filters 103g, and blue color filters 1035 on the
color filer substrate are arranged in a stripe shape in accor-
dance with the arrangement of the picture elements on the
active matrix substrate. Linear polarizers 108 and 109 are
arranged on outer sides of the translucent substrates 101 and
102, respectively.

[0039] The alignment films 105 and 107 are made of poly-
imide, for example. The alignment films 105 and 107 are
subjected to a so-called anti-parallel rubbing treatment in
directions parallel to the stripe of the color filters 103 and
parallel and opposite to each other between the alignment
films 105 and 107. The linear polarizers 108 and 109 are
arranged so that their polarization axes are parallel to the
rubbing directions of the alignment films 105 and 107. In the
present embodiment, the display mode of the display liquid
crystal panel 1 is a twisted nematic mode. However, the
display mode of the display liquid crystal panel 1 is arbitrary.
[0040] The viewing angle control liquid crystal panel 2
includes positive-type nematic liquid crystal (not shown)
sandwiched between a pair of translucent substrates 201 and
202. On the translucent substrate 201, a translucent electrode
film 203 having a thickness of about 100 nm is formed by
sputtering throughout a region corresponding to an active
area (area in which effective picture elements are present) in
the display liquid crystal panel 1. On the translucent electrode
film 203, an alignment film 204 is laminated. On the translu-
cent substrate 202, a translucent electrode film 205 having a
thinness of about 100 nm is formed by sputtering throughout
aregion corresponding to the active area in the display liquid
crystal panel 1. The translucent electrode film 205 may be
patterned into an arbitrary shape such as a character, a geo-
metrical pattern, and a design. The translucent electrode films
203 and 205 preferably are made of ITO (indium tin oxide),
for example. However, the material is not limited thereto, and
any material can be used as long as it exhibits translucency
and conductivity.

[0041] Further, as shown in FIG. 2, the viewing angle con-
trol liquid crystal panel 2 includes a driving circuit 211 so as
to apply a voltage to the translucent electrode films 203 and
205 for driving the liquid crystal. As described below, the
driving circuit 211 controls ON/OFF of the voltage between
the translucent electrode films 203 and 205, thereby switch-
ing a display state of the display liquid crystal panel 1
between a state allowing an observer to view the panel from a
wide viewing angle (i.e., a wide viewing angle state) and a
state not allowing the observer to view the panel from an
oblique direction at a predetermined angle or more from a
normal direction to a horizontal direction of the panel (i.e., a
narrow viewing angle state). For ease of explanation, FIG. 2
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shows only the translucent substrates 201 and 202, the trans-
lucent electrode films 203 and 205, and the driving circuit 211
among the constituent members of the viewing angle control
liquid crystal panel 2. FIG. 2 shows the exemplary configu-
ration in which the translucent substrates 201 and 202 are
adhered to each other while being shifted from each other, so
that wirings from the driving circuit 211 are connected to
respective positions on the translucent electrode films 203
and 205 that are not opposed to each other. In FIG. 2, the
amount of the shift between the translucent substrates 201
and 202 is exaggerated. Further, the method of connecting the
translucent electrode films 203 and 205 and the driving circuit
211 is not limited to the exemplary configuration shown in
FIG. 2.

[0042] On the translucent electrode film 205, translucent
dielectric films 206g and 206 functioning as means for
adjusting VT (voltage-transmittance) characteristics are
formed at positions corresponding to a green picture element
and a red picture element, respectively, in the display liquid
crystal panel 1. The translucent dielectric film 206g is formed
by patterning a thin film that is formed by sputtering by
photolithography at the position corresponding to the green
picture element in the display liquid crystal panel 1. Similarly,
the translucent dielectric film 2067 is formed by patterning a
thin film that is formed to have a thickness different from that
of the translucent dielectric film 206g by sputtering by pho-
tolithography at the position corresponding to the red picture
element in the display liquid crystal panel 1. Since the green
color filters 103g are arranged in a stripe shape in the display
liquid crystal panel 1, the translucent dielectric film 206g may
be patterned into a stripe shape corresponding to that of the
green color filters 103g. However, the translucent dielectric
film 206g also may be patterned into a shape corresponding to
the pixel electrode for each green picture element. The same
applies to the translucent dielectric film 2067 corresponding
to the red picture element.

[0043] On the translucent dielectric films 206g and 2067, a
flattening film 207 is formed so as to eliminate steps between
a surface of the translucent electrode film 205 and surfaces of
the translucent dielectric films 206g and 206 The flattening
film 207 is formed by, for example, applying a transparent
acrylic resin by spin coating. On the flattening film 207, an
alignment film 208 is formed. The alignment films 204 and
208 are made of polyimide, for example, and are subjected to
a so-called anti-parallel rubbing treatment in directions par-
allel and opposite to each other.

[0044] With this configuration, the liquid crystal injected
between the alignment films 204 and 208 Is arranged such
that its long molecular axis is substantially parallel to the
rubbing directions, which is so-called homogeneous align-
ment. When the driving circuit 211 applies a predetermined
voltage between the translucent electrode films 203 and 205,
liquid crystal molecules rise with their long molecular axes
forming a predetermined angle with respect to a normal direc-
tion of the substrates. A pair of linear polarizers 209 and 210
are arranged on outer sides of the translucent substrates 201
and 202, respectively, so that their transmission axes are
substantially parallel to the rubbing directions of the align-
ment films 204 and 208.

[0045] Thus, when no voltage is applied between the trans-
lucent electrode films 203 and 205, linearly polarized light
that has passed through the display liquid crystal panel 1 and
then through the linear polarizers 108 and 210 is incident on
the liquid crystal layer of the viewing angle control liquid
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crystal panel 2. Then, the light passes through the liquid
crystal layer without being affected by birefringence of the
liquid crystal molecules, and then passes through the linear
polarizer 209 to reach the observer even when the panel is
viewed from any viewing angle in the normal direction of the
substrates and the oblique direction. Accordingly, when no
voltage is applied between the translucent electrode films 203
and 205, the display liquid crystal panel 1 assumes the display
state allowing the observer to view the panel from a wide
viewing angle (i.e., the wide viewing angle state).

[0046] On the other hand, when a voltage is applied
between the translucent electrode films 203 and 205, due to
the liquid crystal molecules arranged at an angle with respect
to the normal direction of the substrates as described above,
light passing through the liquid crystal layer of the viewing
angle control liquid crystal panel 2 in the oblique direction is
affected by birefringence of the liquid crystal molecules, so
that a phase difference occurs, which makes it impossible for
the light to pass through the linear polarizer 209. Accordingly,
when a voltage is applied between the translucent electrode
films 203 and 205, the display liquid crystal panel 1 assumes
the display state not allowing the observer to view the panel
from an oblique direction at a predetermined angle or more
from the normal direction to the horizontal direction of the
panel (i.e., the narrow viewing angle state).

[0047] As described above, the driving circuit 211 switches
the voltage between the translucent electrode films 203 and
205 of the viewing angle control liquid crystal panel 2,
thereby switching between the wide viewing angle state and
the narrow viewing angle state. In FIG. 1, the two linear
polarizers (i.e., the linear polarizers 108 and 210) are pro-
vided between the liquid crystal layer of the display liquid
crystal panel 1 and the liquid crystal layer of the viewing
angle control liquid crystal panel 2. However, one of the linear
polarizers 108 and 210 can be omitted if they have substan-
tially the same transmittance axis angle.

[0048] As described above, the film thickness of the trans-
lucent dielectric film 206g is different from that of the trans-
lucent dielectric film 2067 These film thicknesses are deter-
mined as follows, for example. It is assumed that blue light
has a wavelength of 450 nm, green light has a wavelength of
550 nm, and red light has a wavelength of 650 nm.

[0049] First, a viewing angle control liquid crystal panel
having the same structure as that of the viewing angle control
liquid crystal panel 2 according to the present embodiment
except that the translucent dielectric films 206g and 2067 are
not provided is prototyped (hereinafter, referred to as a “pro-
totype panel”). Then, the prototype panel is used to measure
VT characteristics for each wavelength component of red,
green, and blue from a viewing angle (for example, an oblique
direction at an angle of 50° from a normal direction to a
horizontal direction of the panel) at which the display state is
to be switched between display and non-display by the view-
ing angle control liquid crystal panel 2.

[0050] Then, avoltage that leads to minimum transmittance
(hereinafter, referred to as a “minimum transmittance volt-
age”) is obtained for each of red, green, and blue. The mini-
mum transmittance voltage for the red wavelength compo-
nent is Vmin(r), the minimum transmittance voltage for the
green wavelength component is Vmin(g), and the minimum
transmittance voltage for the blue wavelength component is
Vmin(b). The highest voltage value among Vmin(r), Vmin
(g), and Vmin(b) is set as a reference voltage VST.
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[0051] Then, a film thickness dg of the translucent dielec-
tric film 206g corresponding to the green picture element is
calculated based on Formula (1) below. In Formula (1), s is
a dielectric constant of a material of the translucent dielectric
film 206g. Further, eL.C is a dielectric constant of the liquid
crystal used in the viewing angle control liquid crystal panel
2. The dielectric constant e.C during application of the ref-
erence voltage VST is obtained based on V-e characteristics
of the liquid crystal that was measured in advance. Further,
dLC is a thickness of the liquid crystal layer of the viewing
angle control liquid crystal panel 2 in the normal direction of
the substrates.

Vmin(g)/ VST=Cs/(CLC+Cs)=(es/dg)/(eLC/dLC+es/

dg) eY]
[0052] Based on Formula (1) above, dg is expressed by
Formula (2) below

dg=esxdLC(VST-Vmin(g))/(Vmin(g)xeLC) 2)

[0053] Similarly, a film thickness dr of the translucent
dielectric film 2067 corresponding to the red picture element
can be calculated based on Formula (3) below.

dr=esxdLC(VST-Vmin(r))/(Vmin(r)xeLC) 3)

[0054] The viewing angle control liquid crystal panel 2
according to the present embodiment is configured schemati-
cally as described above. Next, a specific example of the
viewing angle control liquid crystal panel 2 will be described.
First, a specific example of the film thicknesses dg and dr of
the translucent dielectric films 206g and 206r will be
described. It is assumed that the VT characteristics for each
wavelength component of red, green, and blue measured with
the prototype panel are as shown in FIG. 4. FIG. 4 shows the
VT characteristics obtained when the prototype panel is
observed at a predetermined angle (50°) from the normal
direction to the horizontal direction of the panel. In FIG. 4,
“relative transmittance” is a value obtained relative to the
transmittance of the red (650 nm) wavelength component
when no voltage is applied to the prototype panel, which is
taken as 100.

[0055] Inthe example shown in FIG. 4, the minimum trans-
mittance voltage Vmin(b) for blue was the highest at about 4.0
V, followed by the minimum transmittance voltage Vmin(g)
for green at about 3.7 V, and the minimum transmittance
voltage Vmin(r) for red at about 3.4 V. Namely, in the example
shown in FIG. 4, the reference voltage VST was about 4.0 V.
A liquid crystal material (ZLLI4792 (trade name) manufac-
tured by Merck [td.) used in the prototype panel had a dielec-
tric constant eLC of 6.3 when the above-described reference
voltage VST was applied. The translucent dielectric films
206g and 206~ were made of silicon dioxide (SiO,, dielectric
constant es=4.0). The cell thickness dL.C of the liquid crystal
was 6.9 um. It was found as a result of substituting the respec-
tive values into Formulae (2) and (3) that the film thickness dg
of the translucent dielectric film 206g corresponding to the
green picture element was preferably 350 nm, and the film
thickness dr of the translucent dielectric film 206~ corre-
sponding to the red picture element was preferably 600 nm.

[0056] Although in the above-described specific example,
the translucent dielectric films 206g and 2067 were made of
silicon dioxide having a relative dielectric constant of 4.0, the
material is not limited thereto. For example, an inorganic
dielectric film of silicon nitride (Si,Nj, relative dielectric
constant: 3.9), tantlum pentoxide (Ta,Os, relative dielectric
constant: 25), or the like and an organic dielectric film of
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polyimide (relative dielectric constant 3.0 to 3.6) or the like
are available. When such a film is used, the film thicknesses
dg and dr of the translucent dielectric films 206g and 206~
may be set appropriately in accordance with the relative
dielectric constant of the film material based on Formula (2)
and (3) above, thereby achieving the effect of the present
invention.

[0057] The translucent dielectric films 206g and 206r can
be formed by various methods such as CVD (chemical vapor
deposition), electron beam (EB) deposition, and spin coating,
in addition to sputtering. In the present embodiment, the
translucent dielectric films 206g and 2067 were formed only
on a translucent substrate 202 side. However, the present
invention is not limited thereto, and they may be formed only
on a translucent substrate 201 side. Alternatively, the trans-
lucent dielectric films 206g and 206 may be formed on both
the translucent substrate 201 side and the translucent sub-
strate 202 side. In this case, the sums of the film thicknesses
of the translucent dielectric films 206g and 2067 formed on
the translucent substrates 201 and 202 may be made equal to
the film thicknesses dg and dr obtained by Formulae (2) and
(3) above.

[0058] Inthe present example, the alignment films 204 and
208 were formed of a polyimide film, SE7492 (trade name),
manufactured by NISSAN CHEMICAL INDUSTRIES,
LTD. The alignment films were printed on the transparent
electrode films by offset printing.

[0059] After the printing, the alignment films 204 and 208
were pre-baked with a hot plate at 70° C. for 5 minutes,
followed by post-baling at 200° C. for 60 minutes. The align-
ment films 204 and 208 are not limited to a polyimide film,
and an organic film of PVA (polyvinyl alcohol) or the like and
an inorganic film of SiO or the like are also available. In the
present example, the alignment films 204 and 208 were sub-
jected to an alignment treatment by rubbing. As a rubbing
cloth, a rayon cloth, YA-18R (trade name), manufactured by
YOSHIKAWA CHEMICAL CO., LTD., was used. The rub-
bing was performed three times with a rubbing device having
a roller with a diameter of 130 mm under the conditions that
the pile contact length was 0.5 mm, the stage speed was 100
mny/s, and the revolutions per minute of the roller was 300
rpm. The rubbing was performed in directions parallel to the
stripe of the color filters 103 and parallel and opposite to each
other between the alignment films 204 and 208, which is
so-called anti-parallel rubbing.

[0060] After the rubbing, a spacer was formed on the trans-
lucent substrate 202 side so as to make the cell thickness
uniform. In the present example, 150 to 200 plastic beads,
SP-2069 (trade name, diameter: 6.9 pm), manufactured by
SEKISUI CHEMICAL CO., LTD, were dry-sprayed per
square millimeter. On the translucent substrate 201 side, a
thermosetting sealing resin (not shown) was applied to the
periphery of the translucent electrode film 203 by screen
printing. In the present example, the thermosetting sealing
resin was XN21 (trade name) manufactured by Mitsui
Chemicals Inc. After the application of the sealing, the trans-
lucent substrate 201 was pre-baked with a hot plate at 90° C.
for 10 minutes, and pressed at a low pressure and subjected to
alignment while being opposed to the translucent substrate
202 on which the spacer was sprayed. Then, the resultant
translucent substrates 201, 202 were pressed fully with a
pressing jig at a high pressure, and fired fully in an oven at
200° C. for 2 hours with the jig pressure maintained. After the
full firing, a liquid crystal material was injected into a cell gap
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by a vacuum injection method, followed by sealing of an
injection port with an ultraviolet curable resin. In the present
example, the liquid crystal material was Z1.14792 (trade
name) manufactured by Merck Ltd.

[0061] The linear polarizers 209 and 210 were adhered to
the outer sides of the translucent substrates 201 and 202,
respectively, so that their transmission axes were substan-
tially parallel to the rubbing directions of the alignment films
204 and 208. In this manner, the viewing angle control liquid
crystal panel according to an example of the present invention
was obtained. The above-described constituent materials and
manufacturing conditions of the viewing angle control liquid
crystal panel are merely examples, and the present invention
is not limited thereto.

[0062] FIG. 5is a cross-sectional view of a viewing angle
control liquid crystal panel according to a comparative
example of the present invention. This viewing angle control
liquid crystal panel corresponds to the prototype panel exhib-
iting the VT characteristics shown in FIG. 4 above, and has
totally the same structure as that of the viewing angle control
liquid crystal panel 2 according to the present embodiment
except that the translucent dielectric films 206g and 2067 are
not provided. In FIG. 5, the same constituent members as
those of the viewing angle control liquid crystal panel 2
shown in FIG. 1 are denoted with the same reference numer-
als. Also in this prototype panel, a liquid crystal material is
7114792 (trade name) manufactured by Merck Ltd., and has
a cell thickness of 6.9 um as described above.

[0063] FIG. 3 is a graph showing VT characteristics of the
viewing angle control liquid crystal panel 2 according to the
above-described example of the present invention when the
panel is viewed from an oblique direction (at an angle of 50°
from the normal direction to the horizontal direction of the
panel). In FIG. 3, “relative transmittance” is a value obtained
relative to the transmittance of the red (650 nm) wavelength
component when no voltage is applied to the viewing angle
control liquid crystal panel 2 according to the present
example, which is taken as 100. FIG. 6 shows the transmit-
tance of each color component when a voltage of 3.7 V is
applied to the viewing angle control liquid crystal panel
according to the comparative example, and the transmittance
of'each color component when a voltage of 4.0V is applied to
the viewing angle control liquid crystal panel 2 according to
the present example. In FIG. 6, a voltage of 3.7 V is applied to
the viewing angle control liquid crystal panel according to the
comparative example, because in order to suppress the trans-
mittance of green light that is most visible to the human eye,
the voltage value that makes the transmittance of the green
component lowest (see FIG. 4) should be selected.

[0064] As can be seen from FIG. 4, the voltage value that
leads to minimum transmittance varies among the respective
wavelength components in the viewing angle control liquid
crystal panel of the comparative example. Accordingly, when
a voltage of 3.7 V is applied to the viewing angle control
liquid crystal panel according to the comparative example so
as to provide the narrow viewing angle state, a display on the
display liquid crystal panel 1 is viewed in a slightly bluish
state because the transmittance of the blue component is
relatively high with respect to this voltage (see FIG. 6). Onthe
other hand, as can be seen from FIG. 3, the voltage value that
leads to minimum transmittance is 4.0 V among the respec-
tive color components in the viewing angle control liquid
crystal panel 2 according to the present example. Accord-
ingly, when a voltage of 4.0 V is applied to the viewing angle
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control liquid crystal panel 2 according to the present
example, an almost completely uniform black display is
caused when the panel is viewed from an oblique direction at
an angle of 50° or more from the normal direction to the
horizontal direction of the panel, preventing a display on the
display liquid crystal panel 1 from being viewed.

[0065] As described above, according to the present
embodiment, by including the viewing angle control liquid
crystal panel 2, the liquid crystal display can cause an almost
completely uniform black display and achieve a significantly
improved shielding ability during the narrow viewing angle
state.

[0066] The above-described specific example is only an
embodiment of the present invention, and various modifica-
tions are possible within the scope of the invention. For
example, although the liquid crystal is aligned homoge-
neously in the viewing angle control liquid crystal panel in the
above-described embodiment, the alignment of the liquid
crystal of the viewing angle control device according to the
present invention is not limited to the homogeneous align-
ment. In other words, any liquid crystal mode can be applied
to the present invention as long as it enables switching
between the wide viewing angle state and the narrow viewing
angle state by using birefringence of the liquid crystal.
[0067] Further, in the above-described embodiment, each
pixel in the display liquid crystal panel 1 is composed of
picture elements of three primary colors of red, blue, and
green. However, the present invention also includes an
embodiment in which each pixel in the display liquid crystal
panel 1 is composed of four or more picture elements includ-
ing an additional picture element of a color other than three
primary colors. In this case, the viewing angle control liquid
crystal panel 2 also includes a translucent dielectric film at a
position corresponding to the additional picture element of
the color other than three primary colors in accordance with
the color of the picture element. Hereinafter, some specific
examples in which one pixel is composed of four or more
picture elements will be described.

[0068] For example, in the display liquid crystal panel 1,
each pixel may be composed of a total of four picture ele-
ments of three primary colors of red (R), blue (B), and green
(G) as well as white (W). In this case, as shown in FIG. 7, in
the display liquid crystal panel 1, the color filters 103 includ-
ing a red color filter 103R, a green color filter 103G, a blue
color filter 103B, and a white color filter 103W are arranged
in a stripe shape. However, the order of arrangement of the
respective color filters and their relative positional relation-
ship are not limited to those shown in this figure. In his case,
as shown in the figure, in the viewing angle control liquid
crystal panel 2, the translucent dielectric films 206g and 206~
are formed respectively at positions corresponding to the
green picture element (green color filter 103G) and the red
picture element (red color filter 103R) in the display liquid
crystal panel 1 on the translucent electrode film 205. Further,
a portion corresponding to the white picture element (white
color filter 103W) on the same translucent electrode film 205
is divided into three regions almost equally. A translucent
dielectric film 206wg having the same film thickness as the
translucent dielectric film 206g is formed in one of the
regions, and a translucent dielectric film 206wr having the
same film thickness as the translucent dielectric film 206 is
formed in another region. In the example shown in FIG. 7, the
translucent electrode films 206wg and 206wr are formed
adjacent to each other. However, the arrangement of the trans-
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lucent electrode films 206wg and 206wr in the portion corre-
sponding to the white picture element is arbitrary. The trans-
lucent dielectric film 206g and the translucent dielectric film
206wg can be made of the same material at the same time.
Similarly, the translucent dielectric film 2067 and the trans-
lucent dielectric film 206wr also can be made of the same
material at the same time.

[0069] As described above, since the translucent dielectric
film 206wg and the translucent dielectric film 206wr are
provided in the portion corresponding to the white picture
element (white color filter 103W), when the viewing angle
control liquid crystal panel 2 assumes the narrow viewing
angle state, it is possible to suppress coloring of light that
passes through the portion corresponding to the white picture
element, resting in a pure black display.

[0070] Alternatively as shown in FIG. 8, in the display
liquid crystal panel 1, each pixel may be composed of a total
of four picture elements of three primary colors of red (R),
blue (B), and green (G) as well as cyan (C). In this case, as
shown in FIG. 8, in the display liquid crystal panel 1, the color
filters 103 including ared color filter 103R, a green color filter
103G, ablue color filter 103B, and a cyan color filter 103C are
arranged in a stripe shape. However, the order of arrangement
of the respective color filters and their relative positional
relationship are not limited to those shown in this figure. In
this case, as shown in the figure, in the viewing angle control
liquid crystal panel 2, the translucent dielectric films 206g
and 206~ are formed respectively at positions corresponding
to the green picture element (green color filter 103G) and the
red picture element (red color filter 103R) in the display liquid
crystal panel 1 on the translucent electrode film 205. Further,
a portion corresponding to the cyan picture element (cyan
color filter 103C) on the same translucent electrode film 205
is divided into two regions almost equally. A translucent
dielectric film 206cg having the same film thickness as the
translucent dielectric film 206g is formed in one of the
regions. Cyan is a color (complementary red) obtained by
mixing green and blue. Since the translucent dielectric film
206cg having the same film thickness as that provided at the
position corresponding to the green picture element is pro-
vided in the portion corresponding to the cyan picture ele-
ment, when the viewing angle control liquid crystal panel 2
assumes the narrow viewing angle state, it is possible to
suppress coloring of light that passes through the portion
corresponding to the cyan picture element, resulting in a pure
black display.

[0071] Alternatively as shown in FIG. 9, in the display
liquid crystal panel 1, each pixel may be composed of a total
of five picture elements of three primary colors of red (R),
blue (B), and green (G) as well as cyan (C) and yellow (Y). In
this case, as shown in FIG. 9, in the display liquid crystal
panel 1, the color filters 103 including a red color filter 103R,
a green color filter 103G, a blue color filter 103B, a cyan color
filter 103C, and a yellow filter 103Y are arranged in a stripe
shape. However, the order of arrangement of the respective
color filters and their relative positional relationship are not
limited to those shown in this figure. In this case, as shown in
the figure, in the viewing angle control liquid crystal panel 2,
the translucent dielectric films 206g and 2067 are formed
respectively at positions corresponding to the green picture
element (green color filter 103G) and the red picture element
(red color filter 103R) in the display liquid crystal panel 1 on
the translucent electrode film 205. Further, a portion corre-
sponding to the cyan picture element (cyan color filter 103C)
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on the same translucent electrode film 205 is divided into two
regions almost equally. A translucent dielectric film 206cg
having the same film thickness as the translucent dielectric
film 206g is formed in one of the regions. Further, a portion
corresponding to the yellow picture element (yellow color
filter 103Y) is divided into two regions almost equally. A
translucent dielectric film 206yg having the same film thick-
ness as the translucent dielectric film 206g is formed in one of
the regions, and a translucent dielectric film 206y» having the
same film thickness as the translucent dielectric film 2067 is
formed in the other region. Yellow is a color (complementary
blue) obtained by mixing green and red. Since the translucent
dielectric films 206yg and 206y having the same film thick-
nesses as those provided at the positions corresponding to the
green and red picture elements are provided in the portion
corresponding to the yellow picture element, when the view-
ing angle control liquid crystal panel 2 assumes the narrow
viewing angle state, it is possible to suppress coloring of light
that passes through the portion corresponding to the yellow
picture element, resulting in a pure black display.

[0072] Alternatively, as shown in FIG. 10, in the display
liquid crystal panel 1, each pixel may be composed of a total
of'six picture elements of three primary colors ofred (R), blue
(B), and green (G) as well as cyan (C), yellow (Y), and
magenta (M). In this case, as shown in FIG. 10, in the display
liquid crystal panel 1, the color filters 103 including a red
color filter 103R, a green color filter 103G, a blue color filter
103B, a cyan color filter 103C, a yellow color filter 103Y, and
a magenta color filter 103M are arranged in a stripe shape.
However, the order of arrangement of the respective color
filters and their relative positional relationship are not limited
to those shown in this figure. In this case, as shown in the
figure, in the viewing angle control liquid crystal panel 2, the
translucent dielectric films 206g and 2067 are formed respec-
tively at positions corresponding to the green picture element
(green color filter 103G) and the red picture element (red
color filter 103R) in the display liquid crystal panel 1 on the
translucent electrode film 205. Further, a portion correspond-
ing to the cyan picture element (cyan color filter 103C) on the
same translucent electrode film 205 is divided into two
regions almost equally. A translucent dielectric in 206cg hav-
ing the same film thickness as the translucent dielectric film
206g is formed in one of the regions. Further, a portion cor-
responding to the yellow picture element (yellow color filter
103Y) is divided into two regions almost equally. A translu-
cent dielectric film 206yg having the same film thickness as
the translucent dielectric film 206g is formed in one of the
regions, and a translucent dielectric film 206y» having the
same film thickness as the translucent dielectric film 2067 is
formed in the other region. Further, a portion corresponding
to the magenta picture element (magenta color filter 103M) is
divided into two regions almost equally. A translucent dielec-
tric film 206mr having the same film thickness as the trans-
lucent dielectric film 2067 is formed in one of the regions.
Magenta is a color (complementary green) obtained by mix-
ing blue and red. Since the translucent dielectric film 206mr
having the same film thickness as that provided at the position
corresponding to the red picture element is provided in the
portion corresponding to the magenta picture element, when
the viewing angle control liquid crystal panel 2 assumes the
narrow viewing angle state, it is possible to suppress coloring
of light that passes through the portion corresponding to the
magenta picture element, resulting in a pure black display.

INDUSTRIAL APPLICABILITY

[0073] The present invention, which provides a viewing
angle control device that can provide a black display without

Feb. 4,2010

coloring and achieve a significantly improved shielding abil-
ity during a narrow viewing angle state, and a display using
the same, has industrial applicability.

1. A display comprising: a display device including picture
elements of a plurality of colors, each being driven in accor-
dance with an image to be displayed; and a viewing angle
control device that is arranged on at least one of a backside
and a front side of the display device and controls a viewing
angle of the display device,

wherein the viewing angle control device includes: a pair

of substrates, each including at least an electrode and an
alignment film; liquid crystal sandwiched between the
pair of substrates; a driving circuit that applies a voltage
to the electrode provided on each of the pair of sub-
strates; and a pair of polarizers provided so as to sand-
wich the pair of substrates therebetween,

the driving circuit switches the voltage to be applied to the

electrode, thereby switching a range of the viewing
angle in which a display on the display device can be
viewed, between a first state providing a first viewing
angle range and a second state providing a second view-
ing angle range that is within the first viewing angle
range and narrower than the first viewing angle range,
and

the viewing angle control device includes a dielectric film

at a position corresponding to the picture element of at
least one of the colors in the display device on at least
one of the pair of substrates, the dielectric film adjusting
voltage-transmittance characteristics of the liquid crys-
tal of the viewing angle control device.

2. The display according to claim 1,

wherein the picture elements of the plurality of colors

include picture elements of three colors that blend to
make white, and

the viewing angle control device includes the dielectric

films at positions corresponding to the picture elements
of two of the three colors in the display device on at least
one of the pair of substrates, the dielectric films having
thicknesses that vary depending on the color.

3. The display according to claim 2,

wherein the picture elements of the three colors are picture

elements of red, green, and blue, and

the dielectric films are provided at positions corresponding

to the red and green picture elements in the display
device on at least one of the pair of the substrates.

4. The display according to claim 2,

wherein the picture elements of the plurality of colors

further include a picture element of white, and

the viewing angle control device includes the dielectric

films in a portion corresponding to the white picture
element in the display device on at least one of the pair of
substrates, the dielectric films having the same thick-
nesses as those provided at the positions corresponding
to the picture elements of two of the three colors in the
display device.

5. The display according to claim 3,

wherein the picture elements of the plurality of colors

further include a picture element of a complementary
color of at least one of the three colors, and

the viewing angle control device includes the dielectric

film in a portion corresponding to the picture element of
the complementary color in the display device on at least
one of the pair of substrates, the dielectric film having
the same thickness as that provided at the position cor-
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responding to at least one of the picture elements of two
ofthe three colors that make the complementary color in
the display device.

6. The display according to claim 5,

wherein the picture element of the complementary color
includes a picture element of cyan, and

the viewing angle control device includes the dielectric
film in a portion corresponding to the cyan picture ele-
ment in the display device on at least one of the pair of
substrates, the dielectric film having the same thickness
as that provided at the position corresponding to the
green picture element in the display device.

7. The display according to claim 6,

wherein the picture elements of the plurality of colors
further include a picture element of yellow, and

the viewing angle control device includes the dielectric
films in a portion corresponding to the yellow picture
element in the display device on at least one of the pair of
substrates, the dielectric films having the same thick-
nesses as those provided at the positions corresponding
to the red and green picture elements in the display
device.

8. The display according to claim 6,

wherein the picture elements of the plurality of colors
further include a picture element of magenta, and

the viewing angle control device includes the dielectric
film in a portion corresponding to the magenta picture
element in the display device on at least one of the pair of
substrates, the dielectric film having the same thickness
as that provided at the position corresponding to the red
picture element in the display device.

9. The display according to claim 2,

wherein the dielectric film has a film thickness d expressed
by the following formula:

d=esxdLC(VST-Vmin)/(VminxeLC),

where VST is the highest voltage value among applied
voltages that respectively lead to minimum transmit-
tance for wavelength components of the three colors
when the dielectric film is not provided, Vmin is an
applied voltage that leads to minimum transmittance for
a wavelength component of the color of the picture ele-
ment to which the dielectric film corresponds, e€s is a
dielectric constant of the dielectric film, eLC is a dielec-
tric constant of the liquid crystal when the voltage VST
is applied, and dLC is a thickness of the liquid crystal
layer.
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10. The display according to claim 1,

wherein the liquid crystal layer of the viewing angle con-
trol device includes positive-type nematic liquid crystal,

the polarizers are arranged so that their polarization-trans-
mission axes are substantially parallel to rubbing direc-
tions of the alignment films, and

the driving circuit provides the first viewing angle range by
applying no voltage to the liquid crystal layer, and pro-
vides the second viewing angle range by applying a
predetermined voltage to the liquid crystal layer.

11. The display according to claim 1, wherein the align-
ment films provided respectively on the pair of substrates of
the viewing angle control device are subjected to a rubbing
treatment in directions parallel and opposite to each other.

12. A viewing angle control device that is arranged on at
least one of a backside and a front side of a display device, and
controls a viewing angle of the display device, the display
device including picture elements of a plurality of colors,
each being driven in accordance with an image to be dis-
played,

the viewing angle control device comprising:

a pair of substrates, each including at least an electrode and

an alignment film;

liquid crystal sandwiched between the pair of substrates;

a driving circuit that applies a voltage to the electrode
provided on each of the pair of substrates; and

a pair of polarizers provided so as to sandwich the pair of
substrates therebetween,

wherein the driving circuit switches the voltage to be
applied to the electrode, thereby switching a range of the
viewing angle in which a display on the display device
can be viewed, between a first state providing a first
viewing angle range and a second state providing a sec-
ond viewing angle range that is within the first viewing
angle range and narrower than the first viewing angle
range, and

the viewing angle control device includes a dielectric film
at a position corresponding to the picture element of at
least one of the colors in the display device on at least
one of the pair of substrates, the dielectric film adjusting
voltage-transmittance characteristics of the liquid
crystal.
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