US 20060285040A1

asy United States

a2 Patent Application Publication (o) Pub. No.: US 2006/0285040 A1

Kobayashi

(43) Pub. Date: Dec. 21, 2006

(54)

LIQUID CRYSTAL DISPLAY DEVICE
WHICH CAN CONTROL VIEWING ANGLE
AND ELECTRONIC DEVICE USING SAME

(75) Inventor: Kunpei Kobayashi, Tokyo (JP)
Correspondence Address:
FRISHAUF, HOLTZ, GOODMAN & CHICK,
PC
220 Fifth Avenue
16TH Floor
NEW YORK, NY 10001-7708 (US)

(73) Assignee: Casio Computer Co., Ltd., Tokyo (IP)

(21) Appl. No.: 11/454,430

(22) Filed: Jun. 15, 2006

(30) Foreign Application Priority Data

Jun. 17,2005 (JP) oo 2005-177927

Publication Classification

(51) Int.CL
GO2F /1335 (2006.01)

(52) U8t Clu ooosssesnsssssssssosiess 349/117

7) ABSTRACT

A liquid crystal display device, including image display
panel having two polarizing plates, has a viewing-angle
control panel on the outer surface side of the observation
side polarizing plate, and a viewing-angle control polarizing
plate disposed outside the viewing-angle control panel so as
to arrange its transmission axis in parallel to the transmis-
sion axis of the polarizing plate. The viewing-angle control
panel has electrodes provided on inner surfaces of a pair of
substrates so as to oppose to each other, and a liquid crystal
layer sealed between the substrates and having liquid crystal
molecules aligned in uniform aligning state. The liquid
crystal layer is at a value of retardation, which gives a phase
difference of an integral multiple of V2 wavelength to oblique
transmitted light inclined at predetermined angle to a normal
of the substrate surface when voltage for aligning molecules
in a direction inclined to the normal is applied.
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LIQUID CRYSTAL DISPLAY DEVICE WHICH CAN
CONTROL VIEWING ANGLE AND ELECTRONIC
DEVICE USING SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device which can control the viewing angle of a
display image to a wide viewing angle and a narrow viewing
angle, and an electronic device using the same.

[0003] 2. Description of the Related Art

[0004] Conventionally known as a viewing-angle limiting
type display device which can limit a viewing angle is a
liquid crystal display device which has an image display
panel comprising a liquid crystal display panel, and a
viewing-angle limiting element disposed over one side of
the image display panel.

[0005] As disclosed in Unexamined Japanese Patent
Application KOKAI Publication No. 2004-133334, the
viewing-angle limiting element is provided with aligning
films and electrodes. The aligning films are provided on the
inner surfaces of a pair of substrates opposite to each other
with a gap therebetween, and each has different directions of
an aligning treatment for different segment regions provided
by dividing an area of the image display panel correspond-
ing to the screen thereof. The electrodes are provided on
both of the opposing inner surfaces of the pair of substrates,
and formed in such a predetermined pattern as to correspond
1o the individual segment regions. The liquid crystal mol-
ecules of a liquid crystal layer of the viewing-angle limiting
element sealed between the pair of substrates are aligned in
an aligning state which has a viewing angle in a direction
inclined in one direction with respect to the normal line
direction of the image display panel, and an aligning state
which has a viewing angle in a direction inclined opposite to
the former direction, for each segment region.

[0006] This viewing-angle limiting type liquid crystal
display device applies a voltage between the electrodes of
the viewing-angle limiting element and reduces a visibility
from an oblique direction, thereby limiting the viewing
angle of a display image on the image display panel. When
no voltage is applied between the electrodes of the viewing-
angle limiting element, i.e., when the viewing-angle limiting
element is not in operation, the display image on the image
display panel is viewed at a wide viewing angle. In contrast,
when the voltage is applied between the electrodes of the
viewing-angle limiting element, the display image of the
viewing-angle limiting element appears as a display of each
segment region having a viewing angle in a direction
inclined in one direction of the viewing-angle limiting
element and another display of other individual segment
regions having a viewing angle in a direction inclined in the
opposite direction. Accordingly, when viewed from a direc-
tion inclined in one direction with respect to the normal line
direction of the image display panel and a direction inclined
in the opposite direction, the display image on the image
display panel is displayed partially hidden in accordance
with each segment region of the viewing-angle limiting
element, and cannot therefore be recognized entirely, so that
the viewing angle of the display image is limited.

[0007] However, the conventional viewing-angle limiting
type liquid crystal display device requires a complex align-
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ing treatment (rubbing treatment for aligning films) on the
inner surfaces of the pair of substrates of the viewing-angle
limiting element which has different directions for different
segment regions for aligning the liquid crystal molecules of
the liquid crystal layer of the viewing-angle limiting element
in different aligning states in such a way that the liquid
crystal molecules have different viewing-angles for indi-
vidual segment regions. This raises a problem that its
manufacture is difficult.

SUMMARY OF THE INVENTION

[0008] An object of the invention is to provide a variable
viewing angle liquid crystal display device which can con-
trol the viewing angle of a display image to a wide viewing
angle and a narrow viewing angle.

[0009] Another object of the invention is to provide a
variable viewing angle liquid crystal display device which
has a simple structure and facilitates manufacturing.

[0010] Tt is a further object of the invention to provide an
electronic device which uses a viewing angle variable liquid
crystal display device.

[0011] To achieve the objects, a liquid crystal display
device according to the first aspect of the invention com-
prises:

[0012]

[0013] a view-side substrate and an opposite-side
substrate facing each other with a gap therebetween,

[0014] first and second electrodes provided on at least
one of opposing inner surfaces of the view-side
substrate and the opposite-side substrate, and form-
ing a plurality of pixels,

[0015] aliquid crystal layer sealed between the view-
side substrate and the opposite-side substrate, and

[0016] a pair of polarizing plates disposed in such a
manner as to sandwich the view-side substrate and
the opposite-side substrate, and

[0017] controls light transmission for each of the plu-
rality of pixels by applying a voltage according to
image data between the first and second electrodes to
display an image; and

[0018]

[0019] a liquid crystal element comprising a pair of
substrates disposed on an external surface side of one
of the polarizing plates of the image display panel
and facing each other with a gap therebetween,

[0020] electrodes respectively provided on opposing
inner surfaces of the substrates so that the electrode,
and

[0021] aliquid crystal layer which is sealed between
the pair of substrates, has liquid crystal molecules
aligned in a uniform aligning state, and gives a
retadation that is an integral multiple of a substan-
tially ¥ wavelength to an oblique transmitted light in
a direction inclined at a predetermined angle with
respect to a normal line of a surface of at least the
substrate, when a voltage for aligning the liquid
crystal molecules of the liquid crystal layer in a

an image display panel which has

a viewing-angle control panel which has
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direction inclined obliquely with respect to the nor-
mal line at a predetermined angle is applied between
the electrodes; and

[0022] a viewing-angle control polarizing plate dis-
posed outside the liquid crystal element in such a
way that an optical axis of the viewing-angle control
polarizing plate is directed in a direction parallel to
optical axes of the polarizing plates of the image
display panel.

[0023] According to the liquid crystal display device of
the first aspect of the invention, it is possible to control the
viewing angle of a display image displayed by the image
display panel to a wide viewing angle and a narrow viewing
angle.

[0024] Intheliquid crystal display device of the invention,
it is preferable that each of the electrodes on the inner
surfaces of the pair of substrates of the viewing-angle
control panel should be a single-film electrode correspond-
ing to an entire region of a screen at which the plurality of
pixels of the image display panel are arrayed.

[0025] Intheliquid crystal display device of the invention,
it is preferable that the viewing-angle control panel should
further have a homeotropic alignment type liquid crystal
element which has the liquid crystal molecules of the liquid
crystal layer aligned substantially vertical to the surface of
at least the substrate between the pair of substrate, and each
of the inner surfaces of the pair of substrates having the
electrodes provided thereon should be subjected to an align-
ing treatment which prescribes a falling direction of the
liquid crystal molecules when a voltage is applied between
the electrodes in a direction parallel to the optical axes of
one of the polarizing plates of the image display panel and
the viewing-angle control polarizing plate. In this case, it is
desirable that a homeotropic aligning film for aligning the
liquid crystal molecules substantially vertical to the surface
of at least the substrate between the pair of substrates should
be formed on each of the inner surfaces of the pair of
substrates of the viewing-angle control panel which have the
electrode provided thereon. It is further preferable that the
homeotropic aligning film should be subjected to an aligning
treatment in a direction substantially parallel to a vertical
direction of a screen at which the plurality of pixels of the
image display panel are arrayed.

[0026] Intheliquid crystal display device of the invention,
it is preferable that the viewing-angle control panel should
further have a homogeneous alignment type liquid crystal
element which has the liquid crystal molecules of the liquid
crystal layer untwisted and aligned substantially parallel to
the surface of at least the substrate between the pair of
substrates, and each of the inner surfaces of the pair of
substrates having the electrodes provided thereon should be
subjected to an aligning treatment which has the liquid
crystal molecules aligned substantially parallel to the optical
axes of one of the polarizing plates of the image display
panel and the viewing-angle control polarizing plate. In this
case, it is desirable that a homogeneous aligning film for
aligning the liquid crystal molecules substantially parallel to
the surface of at least the substrate between the pair of
substrates should be formed on each of the inner surfaces of
the pair of substrates of the viewing-angle control panel
which have the electrodes provided thereon. It is further
preferable that the homogeneous aligning film should be
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subjected to an aligning treatment in a direction substantially
parallel to a vertical direction of a screen at which the
plurality of pixels of the image display panel are arrayed.

[0027] Further, in the liquid crystal display device of the
invention, it is preferable that the viewing-angle control
panel should have another viewing-angle control polarizing
plate disposed between one of the polarizing plate of the
image display panel and the viewing-angle control panel in
such a way that a transmission axis of the another viewing-
angle control polarizing plate is in parallel to the optical axis
of the one of the polarizing plates of the image display panel.
It is preferable that the inner surfaces of the pair of substrates
of the viewing-angle control panel should be subjected to an
aligning treatment in a direction substantially parallel to a
vertical direction of a screen at which the plurality of pixels
of the image display panel are arrayed.

[0028] Inthe liquid crystal display device of the invention,
it is preferable that the viewing-angle control panel should
have a liquid crystal layer which gives the retadation that is
an integral multiple of a substantially 72 wavelength to an
oblique transmitted light in a direction inclined at an angle
of 30° to 60° with respect to the normal line when the
voltage for aligning the liquid crystal molecules of the liquid
crystal layer in a direction inclined obliquely with respect to
the normal line at the predetermined angle is applied
between the electrodes. It is further preferable that the
viewing-angle control panel should have a liquid crystal
layer which gives the retadation that is an integral multiple
of a substantially % wavelength to an oblique transmitted
light in a direction inclined at an angle of substantially 45°
with respect to the normal line when a voltage for aligning
the liquid crystal molecules of the liquid crystal layer in a
direction inclined obliquely with respect to the normal line
at an angle of 45° is applied between the electrodes.

[0029] A liquid crystal display device according to the
second aspect of the invention comprises:

[0030] an image display panel which comprises

[0031] a view-side substrate and an opposite-side
substrate facing each other with a gap therebetween,

[0032] first and second electrodes provided on at least
one of opposing inner surfaces of the view-side
substrate and the opposite-side substrate forming a
plurality of pixels,

[0033] aliquid crystal layer sealed between the view-
side substrate and the opposite-side substrate, and

[0034] a pair of polarizing plates disposed in such a
manner as to sandwich the view-side substrate and
the opposite-side substrate, and

[0035] controls light transmission for each of the plu-
rality of pixels by applying a voltage according to
image data between the first and second electrodes to
display an image;

[0036]

[0037] a liquid crystal element which comprises a
pair of substrates disposed on an external surface
side of one of the polarizing plates of the image
display panel and acing each other with a gap
therebetween,

a viewing-angle control panel which has
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[0038] electrodes respectively provided on opposing
inner surfaces of the substrates, and

[0039] a liquid crystal layer which is sealed between
the pair of substrates, has liquid crystal molecules
aligned in a uniform aligning state, and gives a
retadation that is an integral multiple of a %2 wave-
length to an oblique transmitted light in a direction
inclined at a predetermined angle with respect to a
normal line of a surface of at least the substrate,
when a voltage for aligning the liquid crystal mol-
ecules of the liquid crystal layer in a direction
inclined obliquely with respect to the normal line at
a predetermined angle is applied between the elec-
trodes; and

[0040] a viewing-angle control polarizing plate dis-
posed outside the liquid crystal element in such a
way that an optical axis of the viewing-angle control
polarizing plate is directed in a direction parallel to
optical axes of the polarizing plates of the image
display panel; and

[0041] a viewing-angle control circuit which is con-
nected to the viewing-angle control panel, and supplies
a voltage for aligning liquid crystal molecules of the
liquid crystal layer in a direction inclined obliquely
with respect to the normal line between the electrodes
of the viewing-angle control panel.

[0042] According to the liquid crystal display device of
the second aspect of the invention, it is possible to control
the viewing angle of a display image displayed by the image
display panel to a wide viewing angle and a narrow viewing
angle.

[0043] Ttis preferable that the liquid crystal display device
should further comprise a display drive circuit which drives
the image display panel, and a control circuit to which a
display data signal and a viewing angle selection signal are
supplied, and which controls the display drive circuit, and
operation of the viewing-angle control circuit in accordance
with the viewing angle selection signal.

[0044] Intheliquid crystal display device of the invention,
it is preferable that the viewing-angle control panel should
have a liquid crystal layer which gives the retadation that is
an integral multiple of a substantially % wavelength to an
oblique transmitted light in a direction inclined at an angle
0f30° to 60° with respect to the normal line when a voltage
for aligning the liquid crystal molecules of the liquid crystal
layer in a direction inclined obliquely with respect to the
normal line at an angle of 45° is applied between the
electrodes.

[0045] Inthe liquid crystal display device of the invention,
it is preferable that the viewing-angle control panel should
have a homeotropic aligning film formed for having the
liquid crystal molecules aligned substantially vertical to the
surface of the substrate between the pair of substrate on each
of the inner surfaces of the pair of substrates which have the
electrode provided thereon, and the homeotropic aligning
film is subjected to an aligning treatment which prescribes a
falling direction of the liquid crystal molecules when a
voltage is applied between the electrodes in a direction
parallel to the optical axes of one of the polarizing plates of
the image display panel and the viewing-angle control
polarizing plate. Or, it is desirable that the viewing-angle
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control panel should have a homogeneous aligning film
formed for having the liquid crystal molecules aligned
substantially parallel to the surface of the substrate between
the pair of substrate on each of the inner surfaces of the pair
of substrates having the electrode provided thereon, and the
homogeneous aligning film is subjected to an aligning
treatment which prescribes a falling direction of the liquid
crystal molecules when a voltage is applied between the
electrodes in a direction parallel to the optical axes of one of
the polarizing plates of the image display panel and the
viewing-angle control polarizing plate.

[0046] An electronic device according to the third aspect
of the invention comprises:

[0047] an image display panel which has

[0048] a view-side substrate and an opposite-side
substrate facing each other with a gap therebetween,

[0049] first and second electrodes provided on at least
one of opposing inner surfaces of the view-side
substrate and the opposite-side substrate forming a
plurality of pixels,

[0050] aliquid crystal layer sealed between the view-
side substrate and the opposite-side substrate, and

[0051] a pair of polarizing plates disposed in such a
manner as to sandwich the view-side substrate and
the opposite-side substrate, and

[0052] controls light transmission for each of the plu-
rality of pixels by applying a voltage according to
image data between the first and second electrodes to
display an image;

[0053]

[0054] a ligquid crystal element having a pair of
substrates disposed on an external surface side of one
of the polarizing plates of the image display panel
and facing each other with a gap therebetween,

[0055] electrodes provided on both inner surfaces of
the substrates, and

[0056] a liquid crystal layer which is sealed between
the pair of substrates, has liquid crystal molecules
aligned in a uniform aligning state, and gives a
retadation that is an integral multiple of a % wave-
length to an oblique transmitted light in a direction
inclined at a predetermined angle with respect to a
normal line of a surface of at least the substrate,
when a voltage for aligning the liquid crystal mol-
ecules of the liquid crystal layer in a direction
inclined obliquely with respect to the normal line at
a predetermined angle is applied between the elec-
trodes; and

[0057] a viewing-angle control polarizing plate dis-
posed outside the liquid crystal element in such a
way that an optical axis of the viewing-angle control
polarizing plate is directed in a direction parallel to
optical axes of the polarizing plates of the image
display panel.

a viewing-angle control panel which has

[0058] According to the electronic device of the third
aspect of the invention, in using the electronic device, it is
possible to control the viewing angle of a display image
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displayed by the image display panel to a wide viewing
angle and a narrow viewing angle.

[0059] In the electronic device, it is preferable that the
liquid crystal display panel should be arranged in accor-
dance with a display section of the electronic device, and the
inner surfaces of the pair of substrates of the viewing-angle
control panel of the liquid crystal display device having the
electrodes provided thereon should be subjected to an align-
ing treatment in a direction substantially parallel to a vertical
direction in a use state of the electronic device. Further, it is
desirable that the electronic device should further comprise
a viewing-angle control circuit which is connected to the
viewing-angle control panel, and supplies a voltage for
aligning the liquid crystal molecules of the liquid crystal
layer in a direction inclined obliquely to the normal line
between the electrodes of the viewing-angle control panel,
and a viewing angle selection section which supplies a
viewing angle selection signal for having the viewing-angle
control circuit select a wide viewing angle and narrow
viewing angle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] These objects and other objects and advantages of
the present invention will become more apparent upon
reading of the following detailed description and the accom-
panying drawings in which:

[0061] FIG. 1 is a front view illustrating an electronic
device having a liquid crystal display device according to
the first embodiment of the invention,

[0062] FIG. 2 is an exploded view illustrating the struc-
ture of the liquid crystal display device of the first embodi-
ment of the invention;

[0063] FIG. 3 is a cross-sectional view illustrating a part
of the liquid crystal display device in FIG. 1 enlarged,

[0064] FIG. 4 is a diagram illustrating the transmission
axis of an observation side polarizing plate of an image
display panel, a direction of the transmission axis of a
polarizing plate disposed on the observation side of a
viewing-angle control panel, and the aligning treatment
directions of a pair of substrates of the viewing-angle control
panel in the liquid crystal display device;

[0065] FIG. 5 is an exemplarily diagram illustrating the
directions of molecular long axes at a time of applying a
voltage and at a time of not applying a voltage to the
viewing-angle control panel in a case where a homeotropic
alignment type liquid crystal element is used as the viewing-
angle control panel;

[0066] FIG. 6 is a cross-sectional view along a line VI-VI
m FIG. 5;

[0067] FIG. 7 is an exemplarily diagram illustrating the
directions of molecular long axes at a time of applying a
voltage and at a time of not applying a voltage to a
viewing-angle control element in a case where a homoge-
neous alignment type liquid crystal element is used as a
viewing-angle control panel in a liquid crystal display
device according to the second embodiment of the inven-
tion; and

[0068] FIG. 8 is a cross-sectional view of a part of a liquid
crystal display device according to the third embodiment of
the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0069] Liquid crystal display devices will be described
below as embodiments of the present invention with refer-
ence to the accompanying drawings.

(First Embodiment)

[0070] FIGS. 1 to 6 illustrate the first embodiment of the
invention. FIG. 1 is a front view of an electronic device
having a liquid crystal display device, FIG. 2 is an exploded
view illustrating the structure of a liquid crystal display
device according to the first embodiment of the invention,
and FIG. 3 is a cross-sectional view of a part of the liquid
crystal display device.

[0071] The electronic device illustrated in FIG. 1 is a
folding cellular phone device which comprises a phone main
body 1, and a lid 2 whose base end is so supported by the
end of the phone main body 1 as to be pivotable, and which
is rotary opened and closed in such a manner as to be an
open state where the 1id 2 protrudes outward the phone main
body 1, and a close state where the 1id 2 is put on the phone
main body 1. A keyboard section 3 and a microphone section
4 are provided on the front face of the phone main body 1
(overlapping surface of the lid 2). A display section 5 and a
speaker section 6 are provided on the front face of the 1id 2
(a surface that faces the front face of the phone main body
1 when folded). A liquid crystal display device 10 is dis-
posed in the lid 2 in such a manner as to correspond to the
display section 5, and a surface light source 30 is disposed
behind the liquid crystal display device 10.

[0072] The liquid crystal display device 10 is viewing-
angle control type which can change an angle between the
direction of the normal line of the liquid crystal display
device 10 and an oblique direction where a display becomes
unviewable when an observation direction is inclined with
respect to the normal line (this angle is hereinafter called
viewing angle). As illustrated in FIGS. 2 and 3, the liquid
crystal display device 10 has an image display panel 11
comprising a transparent type liquid crystal display panel,
and a viewing-angle control panel 21 disposed on one
surface side of the image display panel 11, for example, an
observation side. The viewing-angle control panel 21 has a
viewing-angle control polarizing plate 20 disposed on the
observation side. The liquid crystal display device 10 and
the viewing-angle control panel 21 are both driven by a drive
circuit 40 having a display drive circuit 41, a viewing-angle
control circuit 42, and a control circuit 43 which controls the
operations of those circuits.

[0073] Theimage display panel 11 comprises a transparent
view-side substrate 12 and an opposite-side substrate 13
joined with each other via non-illustrated frame-like seal
member, and facing each other with a gap therebetween, a
liquid crystal layer 17 sealed between the view-side sub-
strate 12 and the opposite-side substrate 13, and a pair of
polarizing plates 18, 19 disposed in such a manner as to
sandwich the view-side substrate 12 and the opposite-side
substrate 13. Formed on either one of the opposing inner
surfaces of the pair of substrates 12, 13 are a plurality of first
transparent electrode 14 for forming a plurality of pixels
arrayed in a matrix by regions facing each other, and at least
one second transparent electrode 15. Light transmission is
controlled for each of the plurality of pixels by a voltage
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according to image data applied between the first and second
electrodes 14, 15, thereby displaying an image.

[0074] The image display panel 11 is an active matrix
liquid crystal display panel which is provided with the
plurality of pixel electrode 14 on the inner surface of one
substrate, for example, a view-side substrate 12 arrayed in a
matrix in a row direction and a column direction, and a
single-film counter electrode 15 on the inner surface of the
other substrate, i.e., the opposite-side substrate 13 facing a
region where the plurality of pixel electrode 14 are arrayed.
It is omitted in FIG. 3, but an active element which
comprises TFTs (Thin Film Transistor) each connected to
each of the plurality of pixel electrode 14, a plurality of gate
lines each of which supplies a gate signal to the TFT of each
row, and a plurality of data lines each of which supplies a
data signal to the TFT of each column is provided.

[0075] The image display panel 11 has three colors of red,
green, and blue color filters 16R, 16B, and 16G each
corresponding to the plurality of pixels defined by regions
where the plurality of pixel electrode 14 and the counter
electrode 15 face with each other. Those color filters 16R,
16G, and 16B are formed on, for example, the substrate 13
opposite to the view-side substrate 12, and the counter
electrode 15 is formed over those filters.

[0076] The inner surfaces of the view-side substrate 12
and opposite-side substrate 13 are subjected to aligning
treatments by rubbing non-illustrated homogeneous aligning
films provided in such a manner as to cover the electrodes
14, 15. The liquid crystal molecules of the liquid crystal
layer 17 are aligned in an aligning state defined by the
aligning treatments of those inner substrates between the
view-side substrate 12 and the opposite-side substrate 13.

[0077] The type of the image display panel 11 may be any
one ofa TN or STN type that the liquid crystal molecules are
wwist aligned between the substrates 12, 13, a homeotropic
alignment type that the liquid crystal molecules are aligned
substantially vertical to the substrates 12, 13 between the
substrates 12, 13, a homogeneous alignment type that the
liquid crystal molecules are aligned substantially parallel to
the substrates 12,13 without twisting them between the
substrates 12, 13, or a bend alignment type that the liquid
crystal molecules are bend aligned. The image display panel
11 may be a ferroelectric or antiferroelectric liquid crystal
display panel. In any display panels, the pair of polarizing
plates 18, 19 are disposed in such a way that the optical axis
(transmission axis or absorption axis) of the polarizing plate
18 on the observation side which is the side that the
viewing-angle control panel 21 and the viewing-angle con-
trol polarizing plate 20 are disposed becomes substantially
in parallel to the vertical direction of a screen at which the
pixels of the image display panel 11 are arrayed, and the
directions of both transmission axes of the pair of polarizing
plates 18, 19 are set to obtain a good contrast characteristic.

[0078] The image display panel 11 of the embodiment is
a vertical electric field control type which provides the first
and second electrodes 14, 15 forming the plurality of pixels
on the inner surfaces of the view-side substrate 12 and
opposite-side substrate 13, applies a voltage according to
image data between those electrodes 14, 15, generates a
vertical electric field (electric field in the thickness direction
of the liquid crystal layer 17) between the electrodes 14, 15,
and changes the aligning states of the liquid crystal mol-
ecules.
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[0079] Inthe invention, however, the image display panel
11 may be a transverse electric field control type which
provides, for example, a tooth-of-comb-like first electrode
and second electrode which forms a plurality of pixels on
any of the inner surfaces of the view-side substrate 12 and
opposite-side substrate 13, applies a voltage according to
image data between those electrodes, generates a transverse
electric field (electric field in a direction along the surface of
the substrate) between the electrodes, and changes the
aligning states of the liquid crystal molecules. In this case,
the pair of polarizing plates 18, 19 are disposed in such a
way that the optical axis (transmission axis or absorption
axis) of the polarizing plate on the side that the viewing-
angle control panel 21 and the viewing-angle control polar-
izing plate 20 are disposed becomes in parallel to the vertical
direction of the screen, and the directions of both transmis-
sion axes of the pair of polarizing plates are set as to obtain
a good contrast characteristic.

[0080] Further, the image display panel 11 may be a
normally-white mode display panel, or a normally-black
mode display panel.

[0081] The viewing-angle control polarizing plate 20 is
disposed on the outer surface side of the polarizing plate 18
on the observation side of the image display panel 11 in such
a manner as to set the transmission axis of the viewing-angle
control polarizing plate 20 to a direction parallel to the
transmission axis of the observation side polarizing plate 18,
and the viewing-angle control panel 21 is disposed between
the observation side polarizing plate 18 of the image display
panel 11 and the viewing-angle control polarizing plate 20.

[0082] The viewing-angle control panel 21 comprises a
pair of transparent substrates 22, 23 joined with each other
through a non-illustrated frame-like seal member and facing
each other with a gap therebetween, transparent electrodes
24, 25 provided on the respective opposing inner surfaces of
the substrates 22, 23 so as to face each other, and a liquid
crystal layer 26 sealed between the pair of substrates 22, 23,
and whose liquid crystal molecules are aligned in a uniform
aligning state. The optical characteristic of the liquid crystal
layer is set in such a manner as to give a retadation that is
an integral multiple of a substantially %2 wavelength
(approximately around 275 nm which is a ¥ of the inter-
mediate wavelength of a visible light bandwidth) to a light
obliquely transmitting in a direction inclined at a predeter-
mined direction (30° to 60°, preferably 45°) with respect to
the normal line of the substrates 22, 23 when a voltage which
has the liquid crystal molecules of the liquid crystal layer 26
aligned obliquely with respect to the normal line of the
surfaces of the substrates 22, 23 at a predetermined angle
(preferably, 45°) is applied between the electrodes 24, 25.

[0083] Inthe embodiment, each of the electrodes 24, 25 on
the inner surfaces of the pair of substrates 22, 23 of the
viewing-angle control panel 21 is formed in a piece of sheet
like shape which corresponds to the entire area of the screen
at which the pixels of the image display panel 11 are arrayed.

[0084] The viewing-angle control panel 21 comprises a
homeotropic alignment type liquid crystal element which
has the liquid crystal molecules of the liquid crystal layer 26
aligned substantially vertical to the surfaces of the substrates
22, 23 between the pair of substrates 22, 23, and the product
And of an anisotropy refractive index An of the liquid crystal
and the thickness d of the liquid crystal layer is set within the
range of 300 nm to 1000 nm.
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[0085] The inner surfaces of the pair of substrates 22, 23
of the viewing-angle control panel 21 having the electrodes
24, 25 provided thereon are subjected to an aligning treat-
ment which prescribes a falling direction of the liquid crystal
molecules when a voltage is applied between the electrodes
24, 25 in a direction parallel to the optical axes (transmission
axes or absorption axes) of the observation side polarizing
plate 18 and the viewing-angle control polarizing plate 20 of
the image display panel 11.

[0086] It is omitted in FIG. 3, but homeotropic aligning
films which covers the electrodes 24, 25 are provided on the
respective inner surfaces of the pair of substrates 22, 23 of
the viewing-angle control panel 21, and the inner surfaces of
those substrates 22, 23 are subjected to an aligning treatment
by rubbing those aligning films in one direction.

[0087] FIG. 4 illustrates the direction of the transmission
axis of the observation side polarizing plate 18 and the
transmission axis of the viewing-angle control polarizing
plate 20 of the image display panel 11, and the aligning
treatment directions of the pair of substrates 22, 23 of the
viewing-angle control panel 21.

[0088] In FIG. 4, arrows 22a, 23a indicate the aligning
treatment directions of the pair of substrates 22, 23 of the
viewing-angle control panel 21. The one substrate 22 and the
other substrate 23 of the viewing-angle control panel 21 are
subjected to aligning treatments in a direction substantially
parallel to the vertical direction 100 of screen of the image
display panel 11 (vertical axis of the screen) and in direc-
tions opposite to each other. That is, in a case where the
liquid crystal display device 10 is attached to the display
section 5 of the electronic device, the one substrate 22 and
the other substrate 23 of the viewing-angle control panel 21
are subjected to an aligning treatment in a direction sub-
stantially parallel to the vertical direction 100 of the elec-
tronic device, and the transmission axis of the viewing-angle
control polarizing plate 20 is disposed in parallel to the
vertical direction with the electronic device being in a
normally use mode.

[0089] In this embodiment, the one substrate 22 of the
viewing-angle control panel 21 is subjected to an aligning
treatment from downward the screen to upward thereof, and
the other substrate 23 is subjected to an aligning treatment
from upward the screen to downward thereof, but in con-
tradiction to this case, the one substrate 22 may be subjected
1o the aligning treatment from upward the screen to down-
ward thereof, and the other substrate 23 may be subjected to
the aligning treatment from downward the screen to upward
thereof.

[0090] In the embodiment, as illustrated in FIG. 4, the
viewing-angle control polarizing plate 20 is disposed in such
a way that a transmission axis 20a of the viewing-angle
control polarizing plate 20 is directed in a direction sub-
stantially parallel to a vertical direction 100 of the screen, a
transmission axis 18a of the observation side polarizing
plate 28 of the image display panel 11 is directed in a
direction substantially parallel to the direction of the trans-
mission axis 20a of the viewing-angle control polarizing
plate 20, and the directions of the aligning treatments of the
pair of substrates 22, 23 of the viewing-angle control panel
21 is directed in a direction substantially parallel to the
direction of the transmission axis 20a of the viewing-angle
control polarizing plate 20. That is, the direction of the
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transmission axis 20a of the viewing-angle control polariz-
ing plate 20, the directions of the aligning treatments of the
pair of substrates 22, 23 of the viewing-angle control panel
21, and the transmission axis 18a of the observation side
polarizing plate 18 of the image display panel 11 are all
directed in a direction substantially parallel to the vertical
direction 100 of the screen.

[0091] Asillustrated in FIG. 2, the image display panel 11
is connected to the display drive circuit 41 which applies a
voltage according to image data between the electrodes 14,
15 of each pixel of the image display panel 11, and the
viewing-angle control panel 21 is connected to the viewing-
angle control circuit 42 which applies a voltage between the
electrodes 24, 25 for aligning the liquid crystal molecules in
a direction inclined obliquely with respect to the normal line
of the surfaces of the substrates 22, 23.

[0092] The viewing-angle control circuit 42 is structured
in such a manner as not to apply the voltage between the
electrodes 24, 25 of the viewing-angle control panel 21
when, for example, a wide viewing angle is selected through
a viewing angle selection key 7 provided on the lid 2 or the
phone main body 1 of the cellular phone device illustrated
in FIG. 1, and as to apply a predetermined value of voltage
between the electrodes 24, 25 when a narrow viewing angle
is selected. The voltage is set in a value that the liquid crystal
molecules aligned substantially vertical to the surfaces of the
substrates 22, 23 are aligned and inclined at an angle of 30°
to 60°, and preferably, substantially 45° with respect to the
surfaces of the substrates 22, 23.

[0093] The liquid crystal display device 10 has the liquid
crystal layer 17 sealed between the view-side substrate 12
and the opposite-side substrate 13 whose inner surfaces are
provided with respective electrodes 14, 15 forming the
plurality of pixels, the pair of polarizing plates 18, 19
disposed in such a manner as to sandwich the view-side
substrate 12 and the opposite-side substrate 13, and the
image display panel 11 which applies a voltage according to
image data between the electrodes 14, 15 and controls light
transmission for each pixel, and displays an image. The
viewing-angle control panel 21 is disposed outside the
observation side polarizing plate 18 in the pair of polarizing
plates 18, 19. The viewing-angle control panel 21 comprises
the pair of substrates 22, 23 facing each other with a gap
therebetween, the electrodes 24, 25 provided on the respec-
tive inner surfaces of the pair of substrates 22, 23 and facing
each other, and the liquid crystal layer 26 sealed between the
pair of substrates 22, 23 and whose liquid crystal molecules
are aligned in a uniform aligning state. When a voltage
which has the liquid crystal molecules of the liquid crystal
layer 26 aligned in a direction inclined obliquely with
respect to the normal line of the surfaces of the substrates 22,
23 is applied between the electrodes 24, 25, the viewing-
angle control panel 21 gives a retadation that is an integral
multiple of a substantially % wavelength to an oblique
transmitted light in a direction inclined obliquely with
respect to the normal line at a predetermined angle (an angle
of 30° to 60°, and preferably, 45°).

[0094] As the observation side viewing-angle control
polarizing plate 20 of the viewing-angle control panel 21 is
disposed in such a way that the transmission axis 20a of that
plate becomes in parallel to the transmission axis 18a of the
observation side polarizing plate 18 of the image display
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panel 11, the viewing angle of a display image on the image
display panel 11 is controlled from a wide viewing angle to
a narrow viewing angle by the application of the voltage
between the electrodes 24, 25 of the viewing-angle control
panel 21.

[0095] That is, the liquid crystal display device 10 allows
a light from the surface light source 30 on the other surface
side, i.e., the back surface side of the image display panel 11
(a side opposite to the side that the viewing-angle control
polarizing plate 20 and the viewing-angle control panel 21
are disposed) to transmit and emerge, and controls the
viewing angle of a display image on the image display panel
11 by a viewing-angle control system comprising the obser-
vation side polarizing plate 18 and the viewing-angle control
polarizing plate 20 of the image display panel 11, and the
viewing-angle control panel 21.

[0096] When the viewing-angle control panel 21 does not
apply the voltage between the electrodes 24, 25, the liquid
crystal display device 10 allows transmitted lights in most
directions to transmit without giving a retadation, so that a
display image on the image display panel 11 is observed
from a wide angle range in accordance with the viewing
angle characteristic of the image display panel 11.

[0097] On the other hand, when a voltage which has the
liquid crystal molecules aligned in a direction inclined
obliquely with respect to the normal line of the surfaces of
the substrates 22, 23 is applied between the electrodes 24,
25, the viewing-angle control panel 21 gives a retadation
(retadation that is an integral multiple of a %2 wavelength) to
an oblique transmitted light of lights transmitting the view-
ing-angle control panel 21 which is in a direction inclined at
a predetermined angle (in the liquid crystal display device,
45°) with respect to the normal line of the substrates 22, 23,
and changes the polarization state. As the oblique transmit-
ted light is absorbed by the viewing-angle control polarizing
plate 20 disposed on the output side of the viewing-angle
control panel 21, a display image is not recognized from a
direction inclined obliquely with respect to the normal line
of the surfaces of the substrates 12, 13 of the image display
panel 11, and the viewing angle of the display image
becomes narrow.

[0098] The control of a viewing angle by the viewing-
angle control system comprising the observation side polar-
izing plate 18 and the viewing-angle control polarizing plate
20 of the image display panel 11 and the viewing-angle
control panel 21 will now be explained. FIG. 5 is a diagram
exemplarily illustrating a relationship between the transmis-
sion axes 18a, 20a of the observation side polarizing plate
18 and the viewing-angle control polarizing plate 20 of the
image display panel 11 and the molecular long axes of the
liquid crystal molecules of the homeotropic alignment type
viewing-angle control panel 21 at a time of applying a
voltage and at a time of not applying a voltage. FIG. 6 is a
cross-sectional view along a line VI-VI in FIG. 4. When no
voltage is applied between the electrodes 24, 25, the liquid
crystal molecules 264 of the viewing-angle control panel 21
are aligned substantially vertical to the surfaces of the
substrates 22, 23 like a liquid crystal molecule 2641 in FIG.
5. When a voltage is applied between the electrodes 24, 25,
the liquid crystal molecules are aligned in such a way that
the molecular long axes are directed in a direction parallel to
the normal line of the viewing-angle control panel 21
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(normal line of the surfaces of the substrates 22, 23) and in
a direction along a vertical plane 26ap including aligning
treatment directions 22a, 23a of the pair of substrates 22, 23
in accordance with the intensity of an electric filed applied
to the liquid crystal layer, like liquid crystal molecules 2642
to 26a5. As the applied voltage becomes large, the liquid
crystal molecules are fell and aligned in such a way that the
angle to the normal line of the surfaces of the substrates 22,
23 becomes wide.

[0099] In the viewing-angle control system, an angle 6
that the molecular long axis 26ax of the liquid crystal
molecule 26a of the viewing-angle control panel 21 crosses
the transmission axes 18a, 20a of the polarizing plates 18, 20
(hereinafter, “crossing angle 6”) changes depending on the
observation direction of a display.

[0100] That is, in observing from a direction S,, illustrated
in FIG. 6, i.e., the direction of the normal line of the liquid
crystal element 21 for the viewing-angle control panel
(normal line of the surfaces of the substrates 22, 23) the
crossing angle 6 is always 0° regardless of the falling angle
of the liquid crystal molecule 26a. In observing from direc-
tions S, and S, illustrated in FIG. 6, i.e., directions obliquely
inclining to one surface side and other surface side of a
vertical plane 26ap illustrated in FIG. 5, the wider the
falling angle of the liquid crystal molecule 26a becomes and
the wider the angle in observation directions becomes, the
wider the crossing angle 6 becomes.

[0101] With the transmission axis 18a of the observation
side polarizing plate 18 of the image display panel 11 and the
transmission axis 20a of the viewing-angle control polariz-
ing plate 20 being in parallel to each other, provided that the
crossing angle of the molecular long axis 26ax of the liquid
crystal molecule 26a with respect to the transmission axes
184, 20a of he polarizing plates 18, 20 is 6, and the product
of an anisotropy refractive index An and the liquid crystal
layer thickness d of the viewing-angle control panel 21 is
And, the intensity of a transmitted light of the viewing-angle
control system can be expressed by the following equation.

I=1-I, si’(mAnd/d) sin’(20) 0
[0102] where
[0103] I, is the intensity of an incoming light into the

viewing-angle control system, and
[0104] A is the wavelength of the transmitted light

[0105] As will be apparent from the equation (1), when
observation is performed from the normal line direction S,
of the viewing-angle control panel 21, i.e., when the cross-
ing angle 6 of the molecular long axis 26ax of the liquid
crystal molecule 26a with respect to the transparent angles
18a, 20a of the polarizing plates 18, 20 is 0°, the intensity
of the transmitted light of the viewing-angle control system
is largest regardless of change in the aligning state of the
liquid crystal molecule 26¢ of the viewing-angle control
panel 21.

[0106] Therefore, in observing from the front direction of
the liquid crystal display device 10, i.e., the direction S,
adjacent to the normal line of the image display panel 11 and
the viewing-angle control panel 21, when a voltage is
applied and not applied between the electrodes 24, 25 of the
viewing-angle control panel 21, the liquid crystal molecule
26a only changes the tilting angle to the substrate in the
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vertical plane 26ap, and the crossing angle 0 of the molecu-
lar long axis 26ax of the liquid crystal molecule 26a with
respect to the transmission axes 184, 20a of the polarizing
plates 18, 20 is 0° (parallel), and does not change. Accord-
ingly, the intensity I of the transmitted light of the viewing-
angle control system is kept in the largest intensity, and it is
possible to view a display image on the image display panel
11 with high brightness and contrasts.

[0107] In contrast, in observing the liquid crystal display
panel 10 from the directions S, and S, inclined obliquely in
the front direction, when no voltage is applied between the
electrodes 24, 25 of the viewing-angle control panel 21, the
liquid crystal molecule 26a is aligned vertical to the surface
of the substrate, and the crossing angle 6 of the molecular
long axis 26ax of the liquid crystal molecule 26a with
respect to the transmission axes 28a, 20a of the polarizing
plates 28, 20 is 90° (vertical) in observing from either one
of the obliquely inclined directions, so that the intensity I of
the transmitted light of the viewing-angle control system is
kept in the largest intensity. That is, as the transmission axes
184, 20a of the polarizing plates 18, 20 and the molecular
long axis 26ax of the liquid crystal molecule 26a are
perpendicular to one another, a display image on the image
display panel 11 is observed with high brightness and
contrasts regardless of optical effects of the viewing-angle
control panel 21.

[0108] When the voltage is applied between the electrodes
24, 25 of the viewing-angle control panel 21, the liquid
crystal molecule 26a is aligned in such a manner as to
incline with respect to the surface of the substrate. In
viewing this state from the obliquely inclined directions, the
crossing angle 0 of the molecular long axis 26ax of the liquid
crystal molecule 26a with respect to the transmission axes
184, 204 of the polarizing plate 18, 20 becomes an angle
other than 0° or 90° (parallel or orthogonal), the intensity I
of the transmitted light of the viewing angle system becomes
small. That is, as the transmission axes 18a, 20a of the
polarizing plate 18, 20 and the molecular long axis 26ax of
the liquid crystal molecule 264 cross one another at an angle
other than a parallel angle or a vertical angle, of the viewing
angle system becomes small. That is, as the transmission
axes 18a, 204 of the polarizing plate 18, 20 and the molecu-
lar long axis 26ax of the liquid crystal molecule 26a cross
one another at an angle other than a parallel angle or a
vertical angle, a transmittance is reduced. In the liquid
crystal display device, as the value of And of the liquid
crystal layer is set in such a way that the intensity 1 of the
transmitted light of the viewing-angle control system
becomes smallest when the obliquely inclined directions S,
and S, are inclined to the normal line of the substrate at a
predetermined angle of 45°, the screen becomes dark in the
observation directions S, and S, inclined at 45° with respect
to the normal line of the substrate, and a display image on
the image display panel 11 becomes unrecognizable.

[0109] That is, in viewing from the obliquely inclined
directions S, and S,, the brightness of the screen when the
voltage is applied between the electrodes 24, 25 of the
viewing-angle control panel 21 changes depending on the
value of And of the viewing-angle control panel 21 and
tilting angles ¢, and o, of the observation directions S, and
S, with respect to the front direction. When And of the
viewing-angle control panel 21 becomes equal to mA/2 (m:
integer) and when the screen is observed from a direction
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that the crossing angle 0 of the molecular long axis 26ax of
the liquid crystal molecule 26a with respect to the transmis-
sion axes 18a, 20a of the polarizing plates 18, 20 becomes
equal 1o 45° the screen becomes darkest. That is, an
outgoing light from the image display panel 11 (a linearly
polarized light along the transmission axis 18a of the
observation side polarizing plate 18) becomes light to which
a retadation of a %2 wavelength is given by the liquid crystal
element 21 of the viewing-angle control panel and whose
polarization plane is rotated at 90°, i.e., a linearly polarized
light which is orthogonal to the transmission axis 20a of the
viewing-angle control polarizing plate 20. This light is
absorbed by the viewing-angle control polarizing plate 20,
and the intensity I of the transmitted light of the viewing-
angle control system becomes 0, the screen becomes black,
so that a display image on the image display panel 11
becomes unrecognizable at all.

[0110] Thus, according to the liquid crystal display device
10, it is possible to control the viewing angle of a display
image to a wide viewing angle and a narrow viewing angle.

[0111] As the liquid crystal display device 10 has the
liquid crystal molecules 264 of the liquid crystal layer 26 of
the viewing-angle control panel 21 aligned in a uniform
aligning state, the aligning treatment of the inner surfaces of
the substrates of the viewing-angle control panel is easy,
thereby facilitating manufacturing,

[0112] As the liquid crystal display device 10 forms each
of the electrodes 24, 25 on the inner surfaces of the pair of
substrates 22, 23 of the viewing-angle control panel 21 in a
single-film shape which corresponds to the entire area of the
screen at which the plurality of pixels of the image display
panel 11 are arrayed, it is possible to perform a narrow
viewing-angle display with high security which darkens the
entire screen when the screen is viewed from the obliquely
inclined directions S; and S,.

[0113] The liquid crystal display device 10 employs a
structure that the viewing-angle control panel 21 comprises
the homeotropic alignment type liquid crystal element which
has the liquid crystal molecules 26a of the liquid crystal
layer 26 aligned substantially vertical to the substrates 22, 23
between the pair of substrates 22, 23, and the inner surfaces
of the pair of substrates 22, 23 having the respective
electrodes 24, 25 provided thereon are subjected to the
aligning treatments which prescribe the falling direction of
the liquid crystal molecules 26a when the voltage is applied
between the electrodes 24, 25 in a direction parallel to the
transmission axes 184, 20a of the observation side polariz-
ing plate 18 and the viewing-angle control polarizing plate
20 of the image display panel 11. Accordingly, it is possible
to perform a wide viewing-angle display whose viewing
angle is the same as the viewing angle of the image display
panel 11 and a narrow viewing-angle display which narrows
the viewing angle of the image display panel 11.

[0114] In the liquid crystal display device 10, as the inner
surfaces of the pair of substrates 22, 23 of the viewing-angle
control panel 21 having the respective electrodes 24, 25
provided thereon are subjected to aligning treatment in a
direction substantially parallel to the vertical direction 100
of the screen at which the plurality of pixels of the image
display panel 11 are arrayed, it is possible to perform a
narrow viewing-angle display which symmetrically narrows
the viewing angle of the screen of the image display panel
11 in the horizontal direction.
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(Second Embodiment)

[0115] FIG. 7 exemplarily illustrates a relationship
between the transmission axes 18a, 20a of the observation
side polarizing plate 18 and the viewing-angle control
polarizing plate 20 of the image display panel 11 and the
molecular long axes of the liquid crystal molecules of the
homogeneous alignment type viewing-angle control panel
21 at the time of applying a voltage and at a time of not
applying a voltage in a liquid crystal display device of the
second embodiment of the invention. The liquid crystal
display device of this embodiment uses a homogeneous
alignment type liquid crystal element as the viewing-angle
control panel, and only the structure of the viewing-angle
control panel differs in comparison with the aforementioned
first embodiment. Accordingly, the same parts will be
denoted by the same reference numbers as the first embodi-
ment, and the explanations thereof will be omitted.

[0116] The viewing-angle control panel of the embodi-
ment is a homogeneous alignment type viewing liquid
crystal element which has liquid crystal molecules 226a of
a liquid crystal layer 226 aligned substantially in parallel to
the surfaces of the substrates 22, 23 in the pair of substrates
22, 23 without twisting them. Formed on each of the inner
surfaces of the pair of substrates 22, 23 having the electrode
24 or 25 provided thereon is a homogeneous aligning film
subjected to an aligning treatment which has the liquid
crystal molecules aligned in a direction parallel to the
transmission axes 184, 20a of the observation side polariz-
ing plate 18 and the viewing-angle control polarizing plate
20 of the image display panel 11.

[0117] Inthis case, when no voltage is applied between the
electrodes 24, 25, the liquid crystal molecules 2264 of the
viewing-angle control panel 21 are aligned substantially
horizontal to the surfaces of the substrates 22, 23 in such a
way that the molecular long axes 226ax are aligned in
aligning treatment directions 22a, 23a of the substrates 22,
23 like a liquid crystal molecule 226a41. When a voltage is
applied between the electrodes 24, 25, the liquid crystal
molecules 226a are aligned and risen in such a way that
angles to the surfaces of the substrates 22, 23 enlarge along
with the increment of the applied voltage with the molecular
long axes 226ax directed to the aligning treatment directions
22a, 23a of the pair of substrates 22, 23 like liquid crystal
molecules 22642 to 22645 in FIG. 7.

[0118] Also in a case where the homogeneous alignment
type viewing-angle control panel 21 is used. when no
voltage is applied between the electrodes 24, 25, the view-
ing-angle control panel 21 allows a light entering from any
directions to transmit without giving a retadation, a display
image on the image display panel 11 is viewed at a wide
viewing angle.

[0119] That is, as the liquid crystal molecules 226a are
aligned parallel to the surface of the substrate, and the
crossing angle 0 of the molecular long axes 226ax of the
liquid crystal molecules 226a with respect to the transmis-
sion axes 18a, 20a of the polarizing plates 18, 20 is 0°
(parallel) in viewing from either of the obliquely inclined
directions, the intensity I of the transmitted light of the
viewing-angle control system is kept in the largest intensity.
That 1s, as the transmission axes 18a, 20a of the polarizing
plates 18, 20 and the molecular long axes 226ax of the liquid
crystal molecules 226a are in parallel to one another, a
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display image on the image display panel 11 is observed
with high brightness and contrasts regardless of optical
effects by the viewing-angle control panel 21.

[0120] When a voltage for aligning and rising the liquid
crystal molecules 2264 in a direction inclined obliquely in
the normal line of the surfaces of the substrates 22, 23 is
applied between the electrodes 24, 25, the liquid crystal
molecules 226 are aligned and inclined with respect to the
surface of the substrate. In this state, with respect to an
oblique transmitted light in a direction inclined obliquely to
the normal line of the substrates 22, 23 among lights
transmitted the viewing-angle control panel 21, the crossing
angles 0 of the molecular long axes 226ax of the liquid
crystal molecules 226a to the transmission axes 18a, 20a of
the polarizing plates 18, 20 become angles other than 0° or
90° (parallel or orthogonal). Accordingly, the retadation (a
retadation that a retadation value to the oblique transmitted
light in an angle direction is an integral multiple of a %2
wavelength) is given to the oblique transmitted light by the
viewing-angle control panel 21, and the polarization state
changes, and the oblique transmitted light is absorbed by the
viewing-angle control polarizing plate 20 disposed on an
output side of the viewing-angle control panel 21. Accord-
ingly, a display image becomes unrecognizable from a
direction inclined obliquely to the normal line of the sur-
faces of the substrates 12, 13 of the image display panel 11,
and the viewing angle of the display image becomes narrow.

[0121] Therefore, even if the homogeneous alignment
type viewing-angle control panel 21 is used, it is possible to
perform a wide viewing-angle display whose viewing angle
is the same as that of the image display panel 11 and a
narrow viewing-angle display which narrows the viewing
angle of the image display panel 11.

[0122] Asthe homogeneous alignment type viewing-angle
control panel 21 also has the liquid crystal molecules 226a
of the liquid crystal layer 26 aligned in a uniform aligning
state, the aligning treatment of the inner surfaces of the
substrates of the liquid crystal element 21 of the viewing-
angle control panel is easy, thereby facilitating manufactur-
ing.

[0123] Tt is preferable that the pair of substrates 22, 23
should be subjected to aligning treatments in a direction
substantially parallel to the vertical direction of the screen at
which the plurality of pixels of the image display panel 11
are arrayed for a case where the homogeneous alignment
type viewing-angle control panel 21 is used, and this makes
it possible to perform a narrow viewing-angle display which
narrows the viewing angle in the horizontal direction of the
screen of the image display panel 11.

(Third Embodiment)

[0124] FIG. 8 is a cross-sectional view illustrating a part
of a liquid crystal display device of the third embodiment of
the invention. In the liquid crystal display device 10 of this
embodiment, another viewing-angle control polarizing plate
327 is disposed between the observation side polarizing
plate 18 of the image display panel 11 and the homeotropic
alignment type or homogeneous alignment type viewing-
angle control panel 21 in such a way that the transmission
axis of that viewing-angle control polarizing plate becomes
in parallel to the transmission axis of the observation side
polarizing plate 18 of the image display panel 11. Other
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structural portions are the same as those of the first embodi-
ment. Accordingly, the same structural portions will be
denoted by the same reference numbers, and the explana-
tions will be omitted.

[0125] As the liquid crystal display device 10 of the
embodiment has another viewing-angle control polarizing
plate 327, the image display panel 11 which has the two
polarizing plates 18, 19 and the viewing-angle control
system which comprises the viewing-angle control panel 21
and the two viewing-angle control polarizing plate 20, 327
can be fabricated separately. Therefore, the liquid crystal
display device 10 can be manufactured by a simple process
of putting the viewing-angle control system over the image
display panel 11.

[0126] In the first to third embodiments, although the
viewing-angle control panel 21 and the viewing-angle con-
trol polarizing plates 20, 327 are disposed on the observation
side of the image display panel 11, the viewing-angle control
panel 21 and the viewing-angle control polarizing plates 20,
327 may be disposed on a side opposite to the observation
side of the image display panel 11, and a light entering from
the opposite side of the observation side may be output in
such a manner as to transmit the viewing-angle control panel
21 and the viewing-angle control polarizing plates 20, 327.

[0127] The type of the viewing-angle control panel 21 is
not limited to the aforementioned homeotropic alignment
type or homogeneous alignment type. The viewing-angle
control panel 21 may comprise a pair of substrates opposite
to each other with a gap therebetween, electrodes provided
on the opposing inner surfaces of the substrates, and a liquid
crystal layer sealed between the pair of substrates, and
whose liquid crystal molecules are aligned in a uniform
aligning state, and have an optical characteristic which has
the liquid crystal molecules of the liquid crystal layer
aligned in a direction obliquely inclined with respect to the
normal line of the surfaces of the substrates and gives a
retadation that is an integral multiple of a 2 wavelength to
an oblique transmitted light inclined with respect to the
normal line at a predetermined angle when a voltage is
applied between the electrode.

[0128] In the aforementioned embodiments, each of the
electrodes 24, 25 on the inner surfaces of the pair of
substrates 22, 23 of the viewing-angle control panel 21 is
formed in a single-film shape which corresponds to the
entire area of the screen at which the plurality of pixels of
the image display panel 11 are arrayed, but may be formed
in a mosaic-like shape, a stripe shape, or a shape of a
character or a marking.

[0129] The liquid crystal display device of the invention is
not limited to the cellular phone device illustrated in FIG. 1.
The invention is applicable to other electronic devices
having a display section.

[0130] Various embodiments and changes may be made
thereunto without departing from the broad spirit and scope
of the invention. The above-described embodiments are
intended to illustrate the present invention, not to limit the
scope of the present invention. The scope of the present
invention is shown by the attached claims rather than the
embodiments. Various modifications made within the mean-
ing of an equivalent of the claims of the invention and within
the claims are to be regarded to be in the scope of the present
invention.
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[0131] This application is based on Japanese Patent Appli-
cation No. 2005-177927 filed on Jun. 17, 2005 and including
specification, claims, drawings and summary. The disclosure
of the above Japanese Patent Application is incorporated
herein by reference in its entirety.

What is claimed is:
1. A liquid crystal display device comprising:

an image display panel which has

a view-side substrate and an opposite-side substrate
facing each other with a predetermined gap therebe-
tween, first and second electrodes provided on at
least one of opposing inner surfaces of the view-side
substrate and the opposite-side substrate, and form-
ing a plurality of pixels,

a liquid crystal layer sealed between the view-side
substrate and the opposite-side substrate, and

a pair of polarizing plates disposed in such a manner as
to sandwich the view-side substrate and the opposite-
side substrate, and

controls light transmission for each of the plurality of
pixels by applying a voltage according to image data
between the first and second electrodes to display an
image; and

a viewing-angle control panel which has

a liquid crystal element comprising a pair of substrates
disposed on an external surface side of one of the
polarizing plates of the image display panel and
facing each other with a predetermined gap therebe-
tween,

electrodes respectively provided on opposing inner
surfaces of the substrates so that the electrode, and

a liquid crystal layer which is sealed between the pair
of substrates, has liquid crystal molecules aligned in
a uniform aligning state, and gives a retadation that
is an integral multiple of a substantially %2 wave-
length to an oblique transmitted light in a direction
inclined at a predetermined angle with respect to a
normal line of a surface of at least the substrate,
when a voltage for aligning the liquid crystal mol-
ecules of the liquid crystal layer in a direction
inclined obliquely with respect to the normal line at
a predetermined angle is applied between the elec-
trodes; and

a viewing-angle control polarizing plate disposed out-
side the liquid crystal element in such a way that an
optical axis of the viewing-angle control polarizing
plate is directed in a direction parallel to optical axes
of the polarizing plates of the image display panel.

2. The liquid crystal display device according to claim 1,
wherein each of the electrodes on the inner surfaces of the
pair of substrates of the viewing-angle control panel is a
single-film electrode corresponding to an entire region of a
screen at which the plurality of pixels of the image display
panel are arrayed.

3. The liquid crystal display device according to claim 1,
wherein the viewing-angle control panel further has a
homeotropic alignment type liquid crystal element which
has the liquid crystal molecules of the liquid crystal layer
aligned substantially vertical to the surface of at least the
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substrate between the pair of substrate, and each of the inner
surfaces of the pair of substrates having the electrodes
provided thereon is subjected to an aligning treatment which
prescribes a falling direction of the liquid crystal molecules
when a voltage is applied between the electrodes in a
direction parallel to the optical axes of one of the polarizing
plates of the image display panel and the viewing-angle
control polarizing plate.

4. The liquid crystal display device according to claim 3,
wherein a homeotropic aligning film for aligning the liquid
crystal molecules substantially vertical to the surface of at
least the substrate between the pair of substrates is formed
on each of the inner surfaces of the pair of substrates of the
viewing-angle control panel which have the electrode pro-
vided thereon.

5. The liquid crystal display device according to claim 4,
wherein the homeotropic aligning film is subjected to an
aligning treatment in a direction substantially parallel to a
vertical direction of a screen at which the plurality of pixels
of the image display panel are arrayed.

6. The liquid crystal display device according to claim 1,
wherein the viewing-angle control panel further has a homo-
geneous alignment type liquid crystal element which has the
liquid crystal molecules of the liquid crystal layer untwisted
and aligned substantially parallel to the surface of at least the
substrate between the pair of substrates, and each of the
inner surfaces of the pair of substrates having the electrodes
provided thereon is subjected to an aligning treatment which
has the liquid crystal molecules aligned substantially parallel
to the optical axes of one of the polarizing plates of the
image display panel and the viewing-angle control polariz-
ing plate.

7. The liquid crystal display device according to claim 6,
wherein a homogeneous aligning film for aligning the liquid
crystal molecules substantially parallel to the surface of at
least the substrate between the pair of substrates is formed
on each of the inner surfaces of the pair of substrates of the
viewing-angle control panel which have the electrodes pro-
vided thereon.

8. The liquid crystal display device according to claim 7,
wherein the homogeneous aligning film is subjected to an
aligning treatment in a direction substantially parallel to a
vertical direction of a screen at which the plurality of pixels
of the image display panel are arrayed.

9. The liquid crystal display device according to claim 1,
wherein the viewing-angle control panel has another view-
ing-angle control polarizing plate disposed between one of
the polarizing plate of the image display panel and the
viewing-angle control panel in such a way that a transmis-
sion axis of the another viewing-angle control polarizing
plate is in parallel to the optical axis of the one of the
polarizing plates of the image display panel.

10. The liquid crystal display device according to claim 1,
wherein the inner surfaces of the pair of substrates of the
viewing-angle control panel are subjected to an aligning
treatment in a direction substantially parallel to a vertical
direction of a screen at which the plurality of pixels of the
image display panel are arrayed.

11. The liquid crystal display device according to claim 1,
wherein the viewing-angle control panel has a liquid crystal
layer which gives the retadation that is an integral multiple
of a substantially % wavelength to an oblique transmitted
light in a direction inclined at an angle of 30° to 60° with
respect to the normal line when the voltage for aligning the
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liquid crystal molecules of the liquid crystal layer in a
direction inclined obliquely with respect to the normal line
at the predetermined angle is applied between the electrodes.

12. The liquid crystal display device according to claim 1,
wherein the viewing-angle control panel has a liquid crystal
layer which gives the retadation that is an integral multiple
of a substantially % wavelength to an oblique transmitted
light in a direction inclined at an angle of substantially 45°
with respect to the normal line when a voltage for aligning
the liquid crystal molecules of the liquid crystal layer in a
direction inclined obliquely with respect to the normal line
at an angle of 45° is applied between the electrodes.

13. A liquid crystal display device comprising:
an image display panel which comprises

a view-side substrate and an opposite-side substrate
facing each other with a gap therebetween,

first and second electrodes provided on at least one of
opposing inner surfaces of the view-side substrate
and the opposite-side substrate forming a plurality of
pixels,

a liquid crystal layer sealed between the view-side
substrate and the opposite-side substrate, and

a pair of polarizing plates disposed in such a manner as
to sandwich the view-side substrate and the opposite-
side substrate, and

controls light transmission for each of the plurality of
pixels by applying a voltage according to image data
between the first and second electrodes to display an
image;

a viewing-angle control panel which has

a liquid crystal element which comprises a pair of
substrates disposed on an external surface side of one
of the polarizing plates of the image display panel
and facing each other with a gap therebetween,

electrodes respectively provided on opposing inner
surfaces of the substrates, and

a liquid crystal layer which is sealed between the pair
of substrates, has liquid crystal molecules aligned in
a uniform aligning state, and gives a retadation that
is an integral multiple of a !2 wavelength to an
oblique transmitted light in a direction inclined at a
predetermined angle with respect to a normal line of
a surface of at least the substrate, when a voltage for
aligning the liquid crystal molecules of the liquid
crystal layer in a direction inclined obliquely with
respect to the normal line at a predetermined angle is
applied between the electrodes; and

a viewing-angle control polarizing plate disposed out-
side the liquid crystal element in such a way that an
optical axis of the viewing-angle control polarizing
plate is directed in a direction parallel to optical axes
of the polarizing plates of the image display panel;
and

a viewing-angle control circuit which is connected to the
viewing-angle control panel, and supplies a voltage for
aligning liquid crystal molecules of the liquid crystal
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layer in a direction inclined obliquely with respect to
the normal line between the electrodes of the viewing-
angle control panel.
14. The liquid crystal display device according to claim
13, further comprising

a display drive circuit which drives the image display
panel, and

a control circuit to which a display data signal and a
viewing angle selection signal are supplied, and which
controls the display drive circuit. and operation of the
viewing-angle control circuit in accordance with the
viewing angle selection signal.

15. The liquid crystal display device according to claim
13, wherein the viewing-angle control panel has a liquid
crystal layer which gives the retadation that is an integral
multiple of a substantially 4 wavelength to an oblique
transmitted light in a direction inclined at an angle of 30° to
60° with respect to the normal line when a voltage for
aligning the liquid crystal molecules of the liquid crystal
layer in a direction inclined obliquely with respect to the
normal line at an angle of 45° is applied between the
electrodes.

16. The liquid crystal display device according to claim
13, wherein the viewing-angle control panel has a homeo-
tropic aligning film formed for having the liquid crystal
molecules aligned substantially vertical to the surface of the
substrate between the pair of substrate on each of the inner
surfaces of the pair of substrates which have the electrode
provided thereon, and the homeotropic aligning film is
subjected to an aligning treatment which prescribes a falling
direction of the liquid crystal molecules when a voltage is
applied between the electrodes in a direction parallel to the
optical axes of one of the polarizing plates of the image
display panel and the viewing-angle control polarizing plate.

17. The liquid crystal display device according to claim
13, wherein the viewing-angle control panel has a homoge-
neous aligning film formed for having the liquid crystal
molecules aligned substantially parallel to the surface of the
substrate between the pair of substrate on each of the inner
surfaces of the pair of substrates having the electrode
provided thereon, and the homogeneous aligning film is
subjected to an aligning treatment which prescribes a falling
direction of the liquid crystal molecules when a voltage is
applied between the electrodes in a direction parallel to the
optical axes of one of the polarizing plates of the image
display panel and the viewing-angle control polarizing plate.

18. An electronic device comprising a liquid crystal
display device comprising:

an image display panel which has

a view-side substrate and an opposite-side substrate
facing each other with a gap therebetween,

first and second electrodes provided on at least one of
opposing inner surfaces of the view-side substrate
and the opposite-side substrate forming a plurality of
pixels,

a liquid crystal layer sealed between the view-side
substrate and the opposite-side substrate, and
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a pair of polarizing plates disposed in such a manner as
to sandwich the view-side substrate and the opposite-
side substrate, and

controls light transmission for each of the plurality of
pixels by applying a voltage according to image data
between the first and second electrodes to display an
image;

a viewing-angle control panel which has

a liquid crystal element having a pair of substrates
disposed on an external surface side of one of the
polarizing plates of the image display panel and
facing each other with a gap therebetween,

electrodes provided on both inner surfaces of the sub-
strates, and

a liquid crystal layer which is sealed between the pair
of substrates, has liquid crystal molecules aligned in
a uniform aligning state, and gives a retadation that
is an integral multiple of a Y2 wavelength to an
oblique transmitted light in a direction inclined at a
predetermined angle with respect to a normal line of
a surface of at least the substrate, when a voltage for
aligning the liquid crystal molecules of the liquid
crystal layer in a direction inclined obliquely with
respect to the normal line at a predetermined angle is
applied between the electrodes; and

a viewing-angle control polarizing plate disposed out-
side the liquid crystal element in such a way that an
optical axis of the viewing-angle control polarizing
plate is directed in a direction parallel to optical axes
of the polarizing plates of the image display panel.

19. The electronic device according to claim 18, wherein

the liquid crystal display panel is arranged in accordance
with a display section of the electronic device, and

the inner surfaces of the pair of substrates of the viewing-
angle control panel of the liquid crystal display device
having the electrodes provided thereon are subjected to
an aligning treatment in a direction substantially par-
allel to a vertical direction in a use state of the elec-
tronic device.

20. The electronic device according to claim 18, further

comprising

a viewing-angle control circuit which is connected to the
viewing-angle control panel, and supplies a voltage for
aligning the liquid crystal molecules of the liquid
crystal layer in a direction inclined obliquely to the
normal line between the electrodes of the viewing-
angle control panel, and

a viewing angle selection section which supplies a view-
ing angle selection signal for having the viewing-angle
control circuit select a wide viewing angle and narrow
viewing angle.
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