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Description
Technical Field

[0001] The present invention relates to a liquid crystal
display device, a portable information terminal device, a
view angle control method, a control program, and a re-
cording medium, each of which for controlling a view an-
gle of a display section.

Background Art

[0002] Conventionally, a liquid crystal display (LCD)
has been broadly used as a display for a mobile phone
such as a PDC (personal digital cellular) and a PHS (per-
sonal handyphone system), and a portable information
terminal device such as a PDA (Personal Digital Assist-
ant). It has been said that the LCD has a weakness that
its view angle is narrower as compared to a CRT (Cath-
ode Ray Tube), a plasma display, and other displays.
However, due to advancement ofrecent LCD techniques,
the view angle is becoming broader in angle.

[0003] However,in acase where the portable informa-
tion terminal device is used in a crowded situation such
as inside a train or a bus, contents displayed on the dis-
play screen of the portable information terminal device
may be peeked into by surrounding people. Particularly,
it is not preferable from a privacy point of view in a case
of preparing or reading an e-mail, for such contents to
be peeked into by the surrounding people.

[0004] So as to deal with this problem, a proposal has
been made of an LCD in which a view angle is control-
lable. Use of a view angle control device disclosed in
Patent Literatures 1 and 2 allows switching from one of
(i) a normal view angle mode (broad view angle mode)
having a normal view angle and (ii) a limited view angle
mode (narrow view angle mode) that limits the view angle
narrow to the other mode.

[0005] More specifically, the view angle is changed,
for example, by changing an orientation direction of liquid
crystal molecules in a liquid crystal layer.

[0006] Hence, as illustrated in (a) and (b) of Fig. 7,
fields of vision is limited from sides of a direction perpen-
dicular (horizontal direction of the display screen 91 from
view of a user) to a display direction of a display screen
91 of a portable information terminal device (for example,
a mobile phone 90). The display direction indicates a top
and bottom of display contents, and denotes a vertical
direction of the display screen 91 having a proper top
and bottom position. This prevents the contents dis-
played on the display screen 91 from being peeked in by
surrounding people. In Fig. 7, (a) is a front view of the
display screen 91, and (b) is a top view of the display
screen 91.
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Summary of Invention
Technical Problem

[0008] However, techniques disclosed in Patent Liter-
atures 1 and 2 have the following problems.

[0009] Recent portable information terminal devices
have been advancing to include multiple functions such
as a camera function and a television function. In order
to optimally use these functions, a display section of the
liquid crystal display device is flexibly switched in position
vertically and horizontally. A display direction is also
switched so as to display contents. The switching of a
position denotes a change in a fixed orientation of the
display section. For example, with a liquid crystal display
device in which the display section is rotatable on its axis
perpendicular to a display screen of the display section
so as to be fixed at an arbitrary rotational position, the
switching of a position denotes a rotational position
change (and a switching of a display direction).

[0010] A specific example is as illustrated in (a) and
(b) of Fig. 8, in which a longitudinal display screen 91
illustrated in (a) of Fig. 7 is rotated by 90 degrees and
fixed so as to be long sideways, and the display direction
is switched by 90 degrees together with the rotation of
the display screen 91. This makes it easier to view the
screen when watching television broadcast or taking pho-
tographic pictures.

[0011] In the liquid crystal display device which em-
ploys the view angle control device of Patent Literatures
1 and 2, when a rotation of 90 degrees is carried out as
illustrated in (a) and (b) of Fig. 8 while the liquid crystal
display device is in a limited view angle mode, a view
angle control direction (direction in which the width of the
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view angle changes) also rotates by 90 degrees. As a
result, view angle limitation is carried out in a display
direction of the display screen 91 (vertical direction from
view of auser). This causes a problem that the user them-
selves cannotview the contents on the display screen 91.
[0012] Furthermore, after the rotational position and
the display direction are switched by 90 degrees, if the
view angle cannot be controlled in a horizontal direction
from view of the user, the view angle control for prevent-
ing peeking in by other persons would not be appropri-
ately carried out.

[0013] The present invention is accomplished in view
of the above problem, and its object is to realize a liquid
crystal display device, a portable information terminal de-
vice, a view angle control method, a control program, and
a recording medium, each of which maintains an appro-
priate view angle even if a usage state (position of a dis-
play section such as a display direction and a rotational
position) is switched.

Solution to Problem

[0014] In order to attain the object, a liquid crystal dis-
play device of the present invention includes: display di-
rection switching means for switching a display direction
to one of at least two display directions, the display di-
rection being indicative of a top and bottom of display
contents displayed on a display section; display direction
determination means for determining a display direction
which has been switched by the display direction switch-
ing means; and view angle control means for changing
a view angle of the display section in a predetermined
view angle control direction corresponding to the display
direction determined by the display direction determina-
tion means.

[0015] According to the arrangement, display direction
switching means switches a display direction of a display
section to one of at least two display directions, to display
display contents. The display direction denotes a top and
bottom of the display contents displayed on a display
screen of the display section. This display direction is
flexibly switched by the display direction switching
means, separately to the top and bottom of the display
sectionitself. Subsequently, the display direction in which
the display contents is displayed is determined by display
direction determination means.

[0016] The view angle control means controls the view
angle in a predetermined view angle control direction
which corresponds to the display direction determined
by the display direction determination means. That is to
say, the view angle is changed in width in a predeter-
mined view angle control direction. The view angle con-
trol direction is indicative of a predetermined direction in
a width change of the view angle on the display screen.
[0017] Thereafter, upon switching of the display sec-
tion by the display direction switching means, the display
direction determination means determines the display di-
rection of the switched display section.
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[0018] The view angle control means controls the view
angle in a view angle control direction which corresponds
to the display direction which has been switched and
which has been determined by the display direction de-
termination means.

[0019] This thus controls the view angle in the view
angle control direction corresponding to the display di-
rection which has been switched and determined, no
matter which direction the display direction of the display
section is switched to. Hence, the view angle of the dis-
play section is always optimally maintained regardless
of the display direction.

[0020] In order to attain the object, a liquid crystal dis-
play device of the present invention in which a display
section is rotatable on an axis perpendicular to a display
screen of the display section so as to be fixed at respec-
tive one of at least two rotational positions, is a liquid
crystal display device which includes: rotational position
determination means for determining a rotational position
of the display section; and view angle control means for
changing a view angle of the display section in a prede-
termined view angle control direction corresponding to
the rotational position determined by the rotational posi-
tion determination means.

[0021] According to the arrangement, the display sec-
tion of the liquid crystal display device is rotatable on an
axis perpendicular to a display screen of the display sec-
tion so as to be fixed at respective one of at least two
rotational positions. Then, rotational position determina-
tion means determines which rotational position the dis-
play section is fixed at.

[0022] The view angle control means controls the view
angle in a predetermined view angle control direction cor-
responding to a rotational position determined by the ro-
tational position determination means. That is to say, the
view angle control means changes a width of the view
angle in the predetermined view angle control direction.
The view angle control direction is indicative of a prede-
termined direction in which the width of the view angle
of a display screen changes.

[0023] Upon rotation of the display section to another
rotational position, the rotational position determination
means determines the rotational position of the display
section that has been changed.

[0024] The view angle control means controls the view
angle in a view angle control direction corresponding to
a rotational position thus rotated and which has been
determined by the rotational position determination
means.

[0025] Hence, the view angle is controlled in the view
angle control direction corresponding to the rotational po-
sition which has been rotated and determined, no matter
which rotational position the display section is fixed at.
Therefore, the view angle of the display section is always
optimally maintained, regardless of the rotational posi-
tion.

[0026] In order to attain the object, a portable informa-
tion terminal device includes the foregoing liquid crystal
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display device. This allows realizing a portable informa-
tion terminal device which is capable of maintaining an
appropriate view angle in accordance with a position (dis-
play direction/rotational position) of a display section.
[0027] In order to attain the object, a method of the
present invention for controlling a view angle of a liquid
crystal display device includes the steps of: (i) switching
adisplay direction to one of atleast two display directions,
the display direction being indicative of a top and bottom
of display contents displayed on a display section of the
liquid crystal display device; (ii) determining a display di-
rection which has been switched in the step (i); and (iii)
changing a view angle of the display section in a prede-
termined view angle control direction corresponding to
the display direction determined in the step (ii).

[0028] According to the method, in the step (i), a dis-
play direction of the display section is switched to one of
at least two display directions, so as to display display
contents on the display section. Then, in the step (ii),
which display direction the display contents is displayed
in is determined. In the step (iii), the view angle is con-
trolled in a view angle control direction which corre-
sponds to a display direction determined in the step (ii).
[0029] Hence, in a case where the display direction of
the display section has been switched, it is possible to
carry out the view angle control in accordance with the
display direction that has been switched. As a result, an
appropriate view angle is maintained so as to correspond
to the display direction.

[0030] In order to attain the object, a method of the
present invention for controlling a view angle of a liquid
crystal display device in which a display section is rotat-
able on an axis perpendicular to a display screen of the
display section so as to be fixed at respective one of at
least two rotational positions, is a method which includes
the steps of: (i) determining a rotational position of the
display section; and (ii) changing a view angle of the dis-
play section in a predetermined view angle control direc-
tion corresponding to the rotational position determined
in the step (i).

[0031] According to the method, when the display sec-
tion has been rotated and a rotational position has been
changed, in the step (i), which rotational position the dis-
play section is fixed at is determined. In the step (ii), the
view angle is controlled in a view angle control direction
which corresponds to the rotational position determined
in the step (i).

[0032] Hence, in a case where the display section is
rotated so as to change the rotational position, it is pos-
sible to carry out the view angle control in accordance
with the rotational position that has been rotated. As a
result, an appropriate view angle is maintained so as to
correspond to the rotational position of the display sec-
tion.

[0033] The liquid crystal display device and the porta-
ble information terminal device may be realized by a com-
puter. In this case, a control program of the liquid crystal
display device (or the portable information terminal de-
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vice) so as to cause a computer to function as each of
the means of the liquid crystal display device (or the port-
able information terminal device), and a computer-read-
able recording medium in which such control program is
stored are also within the scope of the present invention.

Brief Description of Drawings
[0034]

Fig. 1

Fig. 1 is a block diagram illustrating an essential ar-
rangement of a mobile phone in accordance with the
present embodiment.

Fig. 2

(a) through (c) of Fig. 2 are explanatory views illus-
trating an external appearance of a mobile phone in
accordance with the present embodiment.

Fig. 3

Fig. 3 is a diagram schematically illustrating an ar-
rangement of a mobile phone in accordance with the
present embodiment.

Fig. 4

Fig. 4 is an explanatory view illustrating a display
screen visually seen from a front or an oblique view,
while a mobile phone of the present embodiment is
set as a limited view angle mode.

Fig. 5

Fig. 5 is a flow chart illustrating a procedure for a
view angle control of a display section in a mobile
phone of the present embodiment.

Fig. 6

Fig. 6 is an explanatory view illustrating a view angle
control direction when a limit view angle mode is car-
ried out at a rotated position.

Fig. 7

(a) and (b) of Fig. 7 illustrate a conventional tech-
nique; (a) is a front view of a display screen of a
mobile phone, and (b) is a top view of the display
screen.

Fig. 8

(a) and (b) of Fig. 8 illustrate a conventional tech-
nique, and are explanatory views illustrating a mobile
phone which can be used by having the display sec-
tion in a rotated state.

Fig. 9

Fig. 9 is a graph illustrating a relationship between
an input luminance and an output luminance of dis-
play data at a display section, in a case where a
narrow view angle control is carried out by image
processing by use of software.

Fig. 10

Fig. 10 is a cross sectional view illustrating an ar-
rangement of a display section.

Fig. 11

Fig. 11 is a graph illustrating a correlation between
a desired view angle and a contrast ratio for attaining
the view angle, which graph is stored in a correction
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value LUT.

Fig. 12

Fig. 12 is a graph illustrating a correlation between
a desired contrast ratio and a luminance correction
value for attaining the contrast ratio, which graph is
stored in a correction value LUT.

Reference Signs List
[0035]

1 mobile phone (liquid crystal display device/porta-
ble information terminal device)

10  antenna section

11 wireless processing section

12 audio processing section

13  audio input section

14 audio output section

15  data processing section

16  operation section

17  storage section

18  display section

19  photographing section

20  power supply section

21  control section

30 view angle mode setting section

31 position determination section (display direction
determination means/rotational position determi-
nation means)

32 view angle changing section (view angle control
means)

33 image correction section (view angle control
means)

34  display control section (view angle control means/
display direction switching means)

40 view angle control section (view angle control
means)

51  mode flag storage section

52  display data storage section

53 view angle setting information storage section
(view angle information storage section)

54  correction value look-up table

61  view angle changing panel

62  display panel

Description of Embodiments

[0036] Oneembodiment of the presentinventionis de-
scribed below with reference to the attached drawings.
In the present embodiment, an explanation is given for
acase where aliquid crystal display device of the present
invention is applied to a mobile phone in which a rota-
tional position and a display direction of a display section
of the liquid crystal display device is flexibly switchable
vertically and horizontally.
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External Appearance of Mobile Phone

[0037] In Fig. 2, (a) through (c) illustrate external ap-
pearances of a mobile phone 1 in accordance with an
embodiment of the present invention. The mobile phone
1 of the present embodiment is what is called a clamshell
type, and is illustrated in an opened state in Fig. 2. (a)
through (c) of Fig. 2illustrate parts which face inside when
the mobile phone 1 is closed, and is a side which a user
mainly uses when the mobile phone 1 is opened. In the
present specification, a side illustrated in (a) of Fig. 2 is
referred to as a front side, and a side which faces outside
when the mobile phone 1 is closed (part opposite of the
side illustrated in (a) through (c) of Fig. 2 when the mobile
phone 1 is open) is referred to as a back side.

[0038] As illustrated in Fig. 2, the mobile phone 1 in-
cludes a main body 2 and a lid section 3; the main body
2 and the lid section 3 are connected together in a hinge
form. The lid section 3 includes a display section 18, and
the lid section 3 has a display screen 4 provided on its
front side. A screen rotation hinge section 5 is provided
on a back side of the lid section 3, so that an orientation
of the display section 18 is manually changeable hori-
zontally and vertically. This screen rotation hinge section
5 supports the display section 18 in a rotatable state. This
arrangement allows a user to manually rotate to and fix
the display section 18 at a predetermined rotational po-
sition so as to change the orientation of the display sec-
tion 18 depending on a usage. Consequently, the display
section 18 may be used in a longitudinal state as illus-
trated in (a) of Fig. 2 and may be used in a horizontally-
long state as illustrated in (c) of Fig. 2. Note that, in the
present embodiment, a display direction of the display
screen 4 is switched in line with the change in the rota-
tional position of the display section 18. As a result, dis-
play contents on the display screen 4 are displayed so
that the top and bottom of the display contents are always
in a proper position, regardless of a provided direction
(state of (a) or (c) in Fig. 2) of the display section 18.
[0039] In the following description, a usage state in
which the display section 18 is fixed longitudinally at a
rotational position illustrated in (a) of Fig. 2 so that the
display direction runs along long sides of the display
screen 4 is referred to as a normal position. On the other
hand, a usage state in which the display section 18 is
fixed long sideways at a rotational position illustrated in
(b) of Fig. 2 so that the display direction runs along short
sides of the display screen 4 is referred to as a rotated
position.

[0040] In the present embodiment, the display direc-
tion of the display screen 4 automatically switches in con-
nection with the change in the provided direction of the
display device 18. However, the arrangement may be
made so that the display direction is changed separately
to the change in the provided direction. In this case, the
normal position and the rotated position may be distin-
guished just by the difference in the provided direction
of the display section 18, or may be distinguished just by
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adifference in the display directions of the display screen
4.

[0041] The main body 2 has main operation buttons 6
provided on its front side. The main operation buttons 6
include functional buttons for carrying out various set-
tings and function switching of the mobile phone 1, input
buttons for inputting symbols such as numbers and let-
ters, and the like. More specifically, functional buttons
encompass for example: a power button for switching
ON/OFF of power of the mobile phone; a camera button
for activating a photographic mode; an e-mail button for
activating an e-mail mode; a cross button for moving a
cursor vertically and horizontally; and an enter button po-
sitioned in the middle of the cross button, for determining
various selections. Moreover, numeric keys are an ex-
ample of the input buttons.

[0042] Moreover, the lid section 3 has an antenna sec-
tion 10, which enables various wireless communications
by the mobile phone 1. For example, the antenna section
10 enables a telephone conversation function, a televi-
sion broadcast receiving function, a data send-receive
function and the like. Although not illustrated, the back
side of the main body 2 may have a camera provided
thereto.

Arrangement of Mobile Phone - Summary

[0043] Fig. 3 is a schematic diagram illustrating an ar-
rangement of the mobile phone 1 in accordance with an
embodiment of the present invention. The mobile phone
1 includes an antenna section 10, a wireless processing
section 11, an audio processing section 12, an audio in-
put section 13, an audio output section 14, a data
processing section 15, an operation section 16, a storage
section 17, a display section 18, a photographing section
19, a power supply section 20, and a control section 21.
[0044] The antenna section 10 sends radio waves ex-
ternally, and also receives external radio waves.

[0045] The wireless processing section 11 converts
data received from the audio processing section 12 or
data processing section 15 to a format suitable for wire-
less transmission, then externally transmits this convert-
ed wireless signal via the antenna section 10. Moreover,
the wireless processing section 11 converts wireless sig-
nals received externally via the antenna section 10 to its
original format, and transmits this converted data to the
audio processing section 12 or the data processing sec-
tion 15. More specifically, processes such as a channel
codec processing, a base band signal processing, data
modulate/demodulate processing, and RF (Radio Fre-
quency) processing are carried out in the wireless
processing section 11.

[0046] The audio processing section 12 converts an
audio signal from the audio input section 13 to predeter-
mined audio data, and transmits this audio data to the
wireless processing section 11. Furthermore, the audio
processing section 12 converts audio data received from
the wireless processing section 11 to an audio signal,
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and transmits this audio signal to the audio output section
14. More specifically, the audio processing section 12
includes an A/D converter, a D/A converter, an amplifier,
and an audio codec circuit.

[0047] The audio input section 13 converts an exter-
nally inputted radio wave to an audio signal which is an
electric signal, and transmits this audio signal to the audio
processing section 12. More specifically, the audio input
section 13 includes a microphone.

[0048] The audio output section 14 converts the audio
signal from the audio processing section 12 to a sound
wave, so as to output this sound wave externally. More
specifically, the audio output section 14 includes a speak-
er, an earphone, an audio output connecter, and the like.
[0049] The data processing section 15 encodes data
from the control section 21 to data of a predetermined
format so as to transmit this encoded data to the wireless
processing section 11. In addition, the data processing
section 15 decodes data from the wireless processing
section 11 and transmits this decoded data to the control
section 21. Examples of data encoding/ decoding (codec)
methods carried out by the data processing section 15
are MPEG (Moving Picture Experts Group) - 4 and ITU-
T Recommendation H.263.

[0050] The operation section 16 generates operation
data based on an operation by a user via an input device
such as the main operation buttons 6 provided on a sur-
face of the mobile phone 1. The operation section further
transmits this operation data to the control section 21.
As the input device, a touch panel and other components
may be used other than a button switch. Moreover, the
operation section 16 generates operation data in which
a change in a view angle is instructed based on an op-
eration by the user of a predetermined operating button.
This operation data is transmitted to the control section
21 by the operation section 16.

[0051] Furthermore, the operation section 16 operates
in connection with the screen rotation hinge section 5
which rotatably supports the display section 18. When
the provided direction of the display section 18 is
changed, the operation section 16 generates information
indicative of the provided direction of the display section
18, and transmits this information to the control section
21. This allows the control section 21 to determine the
provided direction of the display section 18 so as to de-
termine the display direction. As a result, display data is
displayed on the display screen 4 so that the top and
bottom of the display data is always in a proper position.
[0052] The storage section 17 stores various data and
programs. Examples of the storage section 17 are aROM
(Read Only Memory) and a RAM (Random Access Mem-
ory)). The ROM is a read-only semiconductor memory
for storing (i) a program required for operating the control
section 21 and (ii) fixed data such as communications
control data or the like. The RAM is provided so as to
serve as what is called a working memory, which tem-
porally stores data related to barcode recognition and
communications, and data used for calculation and their
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calculation results. Furthermore, the storage section 17
is fabricated by a rewritable non-volatile memory such
as a flash memory and an EEPROM. Photographic data
photographed by a camera provided in the mobile phone
1, and setting information for the view angle mode re-
ferred by the control section 21 at the time when the view
angle control processing is carried out, may also be
stored in the storage section 17.

[0053] The display section 18 receives display data
including images, text, video and the like from the control
section 21, and displays contents such as the image,
text, video and the like based on the received display
data. The display data is information for one screen to
be pictured on the display screen 4 of the display section
18. Inthe present embodiment, more specifically, the dis-
play section 18 includes a display panel 62 (Fig. 1) that
includes an LCD display element and a driver circuit for
driving the display element based on the received display
data.

[0054] In the present embodiment, the display section
18 has a function (view angle changing panel 61 in Fig.
1) of changing a view angle based on the view angle
control data that is provided from the control section 21
to the display section 18.

[0055] The photographing section 19 generates data
such as an image or a video, by photographing an object.
More specifically, the photographing section 19 may in-
clude an image sensor such as a CCD (Charge Coupled
Device) and a CMOS (Complementary Metal-oxide Sem-
iconductor), for converting light from the object to an elec-
tric signal, and a video processing circuit for converting
the electric signal from the image sensor to digital data
for each of RGB colors. The photographing section 19
transmits the generated data to the control section 21.
[0056] The power supply section 20 supplies an ap-
propriate amount of electricity to various arrangements
in the mobile phone 1. The power supply section 20 in-
cludes, for example, a chargeable secondary battery for
example a lithiumion battery, a power circuit, and the like.
[0057] The control section 21 integrally controls vari-
ous arrangements of the mobile phone 1. The control
section 21 has functions which are implemented by caus-
ing a CPU (Central Processing Unit) to run a program
stored in a storage device such as a RAM or a flash mem-
ory.

[0058] The control section 21 in the mobile phone 1 of
the present embodiment has a function to control the
view angle of the display screen 4 of the display section
18 and switch from one of a normal view angle mode
(broad view angle) and a limited view angle mode (narrow
view angle) to the other mode. Switching of the view angle
mode is carried out in response to an operation by the
user via a predetermined operation button.

[0059] Inthe embodiment of the present invention, the
mobile phone 1 carries out respective one of two different
view angle control processings depending on the two us-
age states (normal position, rotated position) of the mo-
bile phone 1 at a limited view angle mode, so as to im-
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plement a narrow view angle mode in the display section
18.

[0060] A first view angle control processing is a
processing for changing the view angle by controlling a
constitutional element of the display section 18. In the
present embodiment, the display section 18 is arranged
so that the view angle control direction in this case is in
adirection perpendicular to a display direction (horizontal
direction from view of the user) at a normal position, as
illustrated in Fig. 7(a).

[0061] A second view angle control processing is a
processing for changing the view angle by carrying out
image processing such as gamma correction to display
data indicative of contents to be displayed on the display
screen 4, which image processing is carried out by use
of software. In the present embodiment, a parameter to
be used in the image processing is preset, so that the
view angle control direction in this case is in a direction
(horizontal direction seen from the user) perpendicular
to a display direction at a rotated position ((c) of Fig. 2).
[0062] It is possible to carry out the first view angle
control processing by employing arrangements dis-
closed in, for example, Patent Literatures 3, 4, 5, and 6.
[0063] Meanwhile, itis possible to carry out the second
view angle control process by, for example, correcting a
luminance. Fig. 9 is a graph illustrating a relationship be-
tween an input luminance and an output luminance at a
normal state and in a narrow view angle control.

[0064] Asillustrated in Fig. 9, in the narrow view angle
control, a luminance of a signal to be outputted to the
display section 18 is corrected by an image correction
section 33, with respect to a luminance of a signal to be
inputted to the display control section 34. The contrast
ratio is reduced due to this correction, thereby making
the screen difficult to see from a person’s eyes. How
much the luminance is corrected as compared to the nor-
mal state is as shown by a correction value a.

[0065] This makes letters and the like to be difficult to
be seen from an oblique direction that merely reflects
light. Hence, itis possible to attain the narrow view angle.
[0066] As described above, the mobile phone 1 in ac-
cordance with an embodiment of the present invention
appropriately carries out a view angle control at a rotated
position, at atime when the display section 18 is switched
from a normal position to the rotated position. More spe-
cifically, the foregoing first view angle control processing
is deactuated, and the second view angle control
processing is actuated. This allows carrying out an ap-
propriate view angle control according to a usage state
(rotational position of the display section 18/display di-
rection of the display screen 4) of the liquid crystal display
device.

[0067] The following description specifically explains
the mobile telephone 1 which switches between and car-
ries out the two view angle control processes.
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Arrangement of Mobile Phone - Details

[0068] Fig. 1isablock diagramillustrating an essential
arrangement of a mobile phone 1 in accordance with the
present invention. Fig. 1 specifically illustrates an ar-
rangementregarding actions which cause an appropriate
view angle control with respect to a usage state of a liquid
crystal display device in the mobile phone 1 illustrated in
Fig. 3.

[0069] As illustrated in Fig. 1, the control section 21 in
the mobile phone 1 includes a view angle mode setting
section 30, a position determination section 31, a view
angle changing section 32, an image correction section
33, and a display control section 34. The view angle
changing section 32, the image correction section 33,
and the display control section 34 serve as a functional
block which functions as a view angle control section 40
that controls a view angle of the display section 18 in the
mobile phone 1.

[0070] The storage section 17 stores various data for
reading and writing data when each of the sections in the
control section 21 action in accordance with the view an-
gle control. More specifically, the storage section 17 in-
cludes a mode flag storage section 51 and a display data
storage section 52. Furthermore, the storage section 17
may also include a view angle setting information storage
section 53 and a correction value look-up table (LUT) 54.
[0071] The operation section 16 transmits necessary
instruction signals in response to an operation by a user
for instructing an action to the mobile phone 1. The dis-
play section 18 includes a display panel 62 for depicting
display data that includes images, videos, and the like
on the display screen 4 illustrated in (a) through (c) of
Fig. 2, and a view angle changing panel 61 for changing
the view angle of the display panel 62.

[0072] Fig. 10 is a cross sectional view illustrating an
arrangement of the display section 18. As illustrated in
Fig. 10, the view angle changing panel 61 is stacked on
the display panel 62. When a view angle control is carried
out, a voltage is applied to a switch liquid crystal cell 61a
ofthe view angle changing panel 61 so that an orientation
state of liquid crystal is changed. This controls a pro-
gressing direction of light in a horizontal direction. As a
result, it becomes difficult for the user to view the display
contents on the screen from both sides of the screen.
[0073] Note that the cross sectional view illustrated in
Fig. 10 illustrates just one example of an arrangement of
the display section 18, and this example does not limit
the arrangement of the display section 18.

[0074] The view angle mode setting section 30 sets
the mode of the view angle control of the display section
18 that is carried out by the view angle control section
40. In the present embodiment, there are two modes: a
normal view angle mode (broad view angle) and a limited
view angle mode (narrow view angle). When the view
angle mode setting section 30 receives, via the operation
section 16, an operation (pressing the main operation
buttons 6 or the like) for switching from one of the two
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modes to the other mode, the view angle mode setting
section 30 sets a mode flag which is indicative of one of
the normal view angle mode or the limited view angle
mode to the mode flag storage section 51, in accordance
with the instruction signal transmitted via the operation
section 16.

[0075] The position determination section 31 detects
the operation of the user to the display section 18, and
determines whether the position of the display section
18 is in the normal position ((a) of Fig. 2) or in the rotated
position ((c) of Fig. 2).

[0076] As described above, when information indica-
tive of a placement position of the display section 18 is
received via the operation section 16 in connection with
the screen rotation hinge section 5 for rotating the display
section 18, the position determination section 31 deter-
mines the position of the display section 18, whether the
display section 18 is currently active at the normal posi-
tion or at the rotated position, based on the information
thus received.

[0077] The view angle changing section 32 carries out
the foregoing first view angle control processing. More
specifically, the view angle changing section 32 controls
the view angle changing panel 61 of the display section
18 so as to control the view angle of the display panel
62. When (i) the position determination section 31 deter-
mines that the position of the display section 18 is at the
normal position and (ii) the mode flag in the mode flag
storage section 51 is indicative of the limited view angle
mode, the view angle changing section 32 controls the
view angle changing panel 61 so as to attain the narrow
view angle of the limited view angle mode. In this case,
as illustrated in (a) of Fig. 7, the view angle control direc-
tion of the display section 18 at the normal position is set
so as to be perpendicular (horizontal direction) to the
display direction.

[0078] On the other hand, when the foregoing second
view angle control process is to be carried out at the
rotated position while the narrow view angle control of
the limited view angle mode is carried out, the narrow
view angle control is suspended.

[0079] Theimage correction section 33 carries out the
foregoing second view angle control processing. More
specifically, the image correction section 33 corrects a
pixel value of display data (data subjected for display)
that is to be outputted to the display panel 62, which dis-
play data is subjected to display on the display screen 4,
so as to control the view angle on the display screen 4.
[0080] Inthe present embodiment, the pixel correction
parameter for attaining the narrow view angle of the lim-
ited view angle mode is preset. When (i) the position de-
termination section 31 determines that the position of the
display section 18 is in a rotated position, and (ii) the
mode flag in the mode flag storage section 51 is indicative
of the limited view angle mode, the image correction sec-
tion 33 corrects display data based on the pixel correction
parameter, which display data is acquired from the dis-
play data storage section 52. This corrected display data
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which is corrected for the narrow view angle is outputted
to the display panel 62 via the display control section 34.
[0081] Inthe presentembodiment, the preset pixel cor-
rection parameter is set so that the view angle control
direction of the display section 18 is in a horizontal direc-
tion at the rotated position. Further, the view angle from
the horizontal direction is set so as to be narrow. Thus,
peeking in by the surrounding people is prevented.
[0082] Fig.4illustrates animage observed by a person
81 positioned at a front direction to the display screen 4
and images which are observed by respective persons
82 and 83 each positioned in oblique directions to the
display screen 4, in a case where the display section 18
is in the rotated position state in the limited view angle
mode.

[0083] Asiillustrated in Fig. 4, in the limited view angle
mode carried out by the image correcting section 33 at
the rotated position, the image on the display screen 4
is visible from a front bearing, however the image on the
display screen 4 is not visible from a right side bearing
or a left side bearing; only a black display or a different
image is visible from the left or right side bearings.
[0084] The display control section 34 converts display
data stored in the display data storage section 52 or the
corrected display data generated by the image correction
section 33 to a format processable by the display panel
62, and outputs this converted data to the display panel
62. Correction is not applied to the display data in a case
where the mode flag in the mode flag storage section 51
is indicative of the normal view angle mode, or in a case
where although the mode is in the limited view angle
mode the position determination section 31 determines
the position of the display section 18 as the normal po-
sition. Accordingly, the display control section 34 directly
acquires the display data from the display data storage
section 52, and outputs this data to the display panel 62.
[0085] Furthermore, the display control section 34
switches the display direction in accordance with a set-
ting direction of the display section 18, so as to output
the display data. In other words, when the display section
18 is positioned longitudinally as illustrated in (a) of Fig.
2, the display data is outputted to the display section 18
so that the display direction is parallel to long sides of
the display screen 4. On the other hand, when the display
section 18 is positioned so as to be long sideways, the
display data is outputted to the display section 18 so that
the display direction is parallel to short sides of the display
screen 4.

[0086] In this case, the position determination section
31 may determine the display direction in accordance
with not the rotating operation of the display section 18,
but the switching action of the display direction by the
display control section 34.

[0087] Thedisplay data storage section 52 may be fab-
ricated inside the display control section 34 as a frame
memory.

[0088] Furthermore, a view angle at a time of the lim-

ited view angle mode may be stored in the view angle
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setting information storage section 53, and the view angle
control section 40 may carry out view angle control based
on the view angle set in the view angle setting information
storage section 53. In this case, the view angle mode
setting section 30 receives, via the operation section 16,
information that is indicative of the view angle to be se-
lected by the user, and stores the information in the view
angle setting information storage section 53.

[0089] The display section 18 is thus adapted so that
the view angle is always the same for both cases where
(i) the view angle changing section 32 carries out the
view angle control and (ii) the image correction section
33 carries out the view angle control.

[0090] Forexample, if the view angle control is carried
out with a same view angle as the normal position al-
though the display section 18 has been switched to the
rotated position, the arrangement will be as follows. The
correction value LUT 54 has a pixel correction parameter
set so that the view angle is the same as the view angle
provided by the view angle changing section 32 in the
normal position. The correction value LUT 54 may store
one pixel correction parameter as the aforementioned,
or may store a plurality of pixel correction parameters so
as to respectively correspond to view angles which are
desirably attained.

[0091] The correction value LUT 54 is not limited to a
coordinate table, and may store information of a graph
that illustrates a correlation.

[0092] More specifically, in a case where a narrow view
angle is attained by correcting a luminance so as to re-
duce a contrast ratio, (i) a correlation between a view
angle that is desirably attained and a contrast ratio for
attaining the view angle, and (ii) a correlation between
the contrast ratio and a luminance for attaining the con-
trast ratio may be stored in the correction value LUT 54
so that the image correction section 33 can refer to these
correlations.

[0093] Fig. 11 is a graph illustrating a correlation of a
view angle desirably attained and a contrast ratio for at-
taining the view angle stored, which graph is stored in
the correction value LUT 54.

[0094] The view angle control by adjusting the contrast
ratio does not cause the display screen to suddenly be
not visible from a certain angle. A direction perpendicular
tothe display screenis setas 0 degrees, and as the angle
becomes larger (the display screen is viewed from an
oblique angle), the display screen gradually becomes not
visible.

[0095] The graphinFig. 11 has a horizontal axis which
indicates an angle of a user’s line of sight who views the
display screen, where the direction perpendicular to the
display screen is a starting point (0 degrees). The most
right end X of the horizontal axis shows an angle X at
which the displayed contents on the display screen be-
come completely not visible. Examples of this are 6n and
6w in (b) of Fig. 7. As illustrated also in (b) of Fig. 7, the
angle X when the narrow view angle control is carried
out is smaller than that of the normal time (6n<6w). On
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the other hand, a vertical axis is indicative of a respective
contrast ratio for attaining the narrow view angle at its
respective angle. Hence, the image correction section
33 can specify a required contrast ratio in accordance
with a view angle which is desirably attained.

[0096] Fig. 12 is a graph stored in the correction value
LUT 54, illustrating a correlation between a desirably at-
tained contrast ratio and a luminance correction value
(correction value o in Fig. 9) for attaining the contrast
ratio.

[0097] After the contrast ratio is specified in the fore-
going process, the image correction section 33 specifies
a luminance correction value for attaining the contrast
ratio based on the graph illustrated in Fig. 12.

[0098] Hence, the image correction section 33 ac-
quires a luminance correction value required for correc-
tion in accordance with the desirably attained view angle,
so that an arbitrary view angle is attained.

[0099] As described above, according to the arrange-
ment of the mobile phone 1 of the present embodiment,
the position determination section 31 detects a switching
of a usage state of the display section 18 (the rotational
position of the display section 18, the display direction of
the display screen 4 for the display contents outputted
from the display control section 34), and determines the
position which has been switched.

[0100] Further, in a case where a limited view angle
mode is carried out at the normal position which has not
been switched yet, the view angle control section 40 (view
angle changing section 32) suspends the narrow view
angle control of this mode.

[0101] This prevents the view angle control in a view
angle control direction at a normal position to be contin-
uously carried out, which view angle control is inappro-
priate at a rotated position, in a case where the usage
state has been switched from the normal position to the
rotated position.

[0102] Furthermore, when the limited view angle mode
is set and the position switches to the rotated position,
the view angle control section 40 (image correction sec-
tion 33) carries out a view angle control in a view angle
control direction appropriate for the rotated position.
[0103] As from the above, it is possible to carry out
appropriate view angle control in accordance with the
usage state (the rotational position of the display section
18, and/or, the display direction of the display screen 4)
of the display section 18.

[0104] In the present embodiment, the mobile phone
1 is arranged so that the position determination section
31 determines a changed usage state of the display sec-
tion 18 in response an action of the screen rotation hinge
section 5, however the view angle control device of the
present invention is not limited to this arrangement.
[0105] For example, a tilt sensor may be provided to
the display device 18 for allowing the position determi-
nation section 31 to determine the position, even for a
mobile phone 1 which changes the rotational position of
the display section 18 by tilting the main body of the mo-
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bile phone 1 as illustrated in (a) of Fig. 8. In this case,
the position determination section 31 determines the ro-
tational position of the display section 18 in accordance
with a signal from the tilt sensor, which signal is inputted
to the position determination section 31 in response to a
tilt of the display section 18.

[0106] Alternatively, it is also assumable of a mobile
phone 1 in which a display direction of the display screen
4 is changed in response to an operation via the main
operation buttons 6, separately to an operation of a po-
sition change of the display section 18. In this case, the
position determination section 31 determines the usage
state with respect to the operation to switch the display
direction, regardless of the position of the display section
18.

View Angle Control Procedures

[0107] Fig. 5is a flow chart illustrating a procedure of
aview angle control of the display section 18 in the mobile
phone 1 of the present embodiment.

[0108] First, once the display section 18 is operated
by a user to change a position of the display section 18,
the position determination section 31 detects a change
of position (YES in S1). The view angle control section
40 (view angle changing section 32, image correction
section 33, and display control section 34) refers to a
mode flag in the mode flag storage section 51, and de-
termines whether or not the mobile phone 1 is in the lim-
ited view angle mode (S2).

[0109] In a case where it is determined that the mode
flag indicates a normal view angle mode (NO in S2), the
display control section 34 acquires display data to be
displayed on the display screen 4 from the display data
storage section 52, and outputs this acquired data to the
display panel 62. This changes just the display direction
so that a top and bottom are properly displayed, and no
view angle control is carried out. Display contents on the
display screen 4 are updated, and the procedure termi-
nates (S9).

[0110] On the other hand, in a case where the view
angle control section 40 determines that the mode flag
is indicative of a limited view angle mode, the view angle
control section 40 acquires information of a view angle
that is set (S3), which information is stored in the view
angle setting information storage section 53, and carries
out a view angle control based on the view angle.
[0111] Ina case where the position determination sec-
tion 31 determines that a changed position thus detected
is a normal position (A in S4), the view angle control sec-
tion 40 deactuates the view angle control carried out by
the image correction section 33 (S5). More specifically,
the display control section 34 outputs, to the display panel
62, not a corrected display data generated by the image
correction section 33, but display data which has notbeen
subjected to correction. At this time, the display data is
appropriately processed so that the top and bottom are
properly displayed, and thereafter outputted to the dis-
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play panel 62. Subsequently, the view angle changing
section 32 controls the view angle changing panel 61
based on the view angle acquired in S3, and carries out
the view angle control (S6).

[0112] This changes a display direction and updates
the display contents at the normal position, so that the
display contents is displayed by having a narrow view
angle (S9).

[0113] When the position determination section 31 de-
termines that the changed position thus detected is a
rotated position (B in S4), the view angle control section
40 deactuates the view angle control carried out by the
view angle changing section 32 (S7). The view angle
changing section 32 suspends the view angle control car-
ried out to the view angle changing panel 61. Subse-
quently, the image correction section 33 corrects the dis-
play data so as to carry out a view angle control (S8).
More specifically, the image correction section 33 ac-
quires a pixel correction parameter which corresponds
to the view angle acquired in S3. Thereafter, based on
the pixel correction parameter, display data which was
displayed until the position is changed is acquired from
the display data storage section 52 and is corrected. This
corrected display data is outputted to the display panel
62 via the display control section 34.

[0114] This causes the display direction and the pixel
value to be corrected and the display contents to be up-
dated at the rotated position, and the display contents
are displayed by having a narrow view angle (S9). Fig.
6 is an explanatory view illustrating a view angle control
direction in a case where the limited view angle mode is
carried out at the rotated position. As illustrated in Fig.
6, the view angle control direction is a direction perpen-
dicular to the display direction of the display screen 4,
and the view angle control direction allows limiting the
view from the left and right directional sides from the view
of the user. This allows controlling the view angle in an
appropriate view angle control direction even if the posi-
tion of the display section 18 is changed to the rotated
position. Hence, it is possible to prevent the displayed
contents on the display screen 4 from being peeked in
by the surrounding people.

[0115] The embodiments and concrete examples of
implementation discussed in the foregoing detailed ex-
planation serve solely to illustrate the technical details of
the present invention, which should not be narrowly in-
terpreted within the limits of such embodiments and con-
crete examples, but rather may be applied in many var-
iations within the spirit of the present invention, provided
such variations do not exceed the scope of the patent
claims set forth below.

[0116] Finally, the blocks of the mobile phone 1, par-
ticularly the position determination section 31 and the
view angle control section 40, may be realized by way of
hardware or software as executed by a CPU as follows:
[0117] The mobile phone 1 includes a CPU (central
processing unit) and memory devices (memory media).
The CPU (central processing unit) executes instructions
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in control programs realizing the functions. The memory
devices include a ROM (read only memory) which con-
tains programs, a RAM (random access memory) to
which the programs are loaded, and a memory containing
the programs and various data. The objective of the
present invention can also be achieved by mounting to
the mobile phone 1 a computer-readable storage medi-
um containing control program code (executable pro-
gram, intermediate code program, or source program)
for the mobile phone 1, which is software realizing the
aforementioned functions, in order for the computer (or
CPU, MPU) to retrieve and execute the program code
contained in the storage medium.

[0118] The storage medium may be, for example, a
tape, such as a magnetic tape or a cassette tape; a mag-
netic disk, such as a floppy (Registered Trademark) disk
or a hard disk, or an optical disk, such as CD-
ROM/MO/MD/DVD/CD-R; a card, such as an IC card
(memory card) or an optical card; or a semiconductor
memory, such as a mask ROM/EPROM/EEPROM/flash
ROM.

[0119] The mobile phone 1 may be arranged to be con-
nectable to a communications network so that the pro-
gram code may be delivered over the communications
network. The communications network is not limited in
any particular manner, and may be, for example, the In-
ternet, an intranet, extranet, LAN, ISDN, VAN, CATV
communications network, virtual dedicated network (vir-
tual private network), telephone line network, mobile
communications network, or satellite communications
network. The transfer medium which makes up the com-
munications network is not limited in any particular man-
ner, and may be, for example, wired line, such as IEEE
1394, USB, electric power line, cable TV line, telephone
line, or ADSL line; or wireless, such as infrared radiation
(IrDA, remote control), Bluetooth (Registered Trade-
mark), 802.11 wireless, HDR, mobile telephone network,
satellite line, or terrestrial digital network. The present
invention encompasses a carrier wave or data signal
transmission in which the program code is embodied
electronically.

Supplementary Matters

[0120] Furthermore, in the foregoing liquid crystal dis-
play device which switches the display direction, it is pref-
erably arranged such that the predetermined view angle
control direction corresponding to the display direction is
a horizontal direction of the display section where the
display direction of the display section is a vertical direc-
tion, and an angle difference between (i) a display direc-
tion which has been switched by the display direction
switching means and which has been determined by the
display direction determination means and (ii) a display
direction which has not been switched yet by the display
direction switching means is same as an angle difference
between (i) a first view angle control direction in which
the view angle control means controls a view angle, the
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first view angle control direction corresponding to a dis-
play direction which has not been switched yet by the
display direction switching means and (ii) a second view
angle control direction in which the view angle control
means controls a view angle, the second view angle con-
trol direction corresponding to a display direction which
has been switched by the display direction switching
means.

[0121] According to the arrangement, a horizontal di-
rection (direction perpendicular to a display direction) of
the display sectionis a view angle control direction, where
the display direction of the display section is in a vertical
direction. In this case, when the display section is pro-
vided so that a top and bottom of the display contents
displayed on the display section is properly displayed,
view angle control means changes a width of the view
angle in a horizontal direction from view of the user. That
is to say, the view from left and right sides viewed from
the user is limited so as to prevent the display contents
from being peeked in by surrounding people (narrow view
angle), or alternatively, the view is broadened so that the
displayed contents is visible even from the left and right
sides, which allow the display screen to be shared among
many people.

[0122] Further, the view angle control means controls
the view angle, in response to the switching of the display
direction, by changing the view angle control direction.
The view angle direction is changed in the same angle
difference as an angle difference between (i) a display
direction which has not been switched yet and (ii) a dis-
play direction which has been switched. That is to say,
the view angle control means controls the view angle in
a direction perpendicular to a display direction which has
been switched. Hence, as long as the display section is
provided in the display direction, the view angle can al-
ways be controlled in a horizontal direction from view of
the user.

[0123] The following description is an explanation us-
ing a specificexample. The following description explains
a case where a display direction is switched by 90 de-
grees, for example.

[0124] When adisplay direction switches to a different
display direction by 90 degrees (for example, a longitu-
dinal display section is rotated by 90 degrees so as to be
positioned long sideways, and together with this, the dis-
play direction is rotated by 90 degrees so that a top and
bottom of the display contents are properly displayed, or
thelike), the view angle control direction of the view angle
control which has not been switched yet also requires to
be switched together, or else the view angle can only be
changed parallel in a display direction which has been
switched (vertical direction from view of the user). This
causes inconvenience for the user.

[0125] In acase where the display direction which has
been switched and which has been determined by the
display direction determination means is different from
the display direction which has not been switched yet by
90 degrees, the view angle control means controls the

10

15

20

25

30

35

40

45

50

55

12

view angle in a view angle control direction perpendicular
to the display direction which has been switched (hori-
zontal direction seen from the user), which view angle
control direction is different by 90 degrees from the view
angle control direction perpendicular to the display direc-
tion which has not been switched yet.

[0126] This allows appropriately carrying out control of
the foregoing narrow view angle and broad view angle,
always in the horizontal direction from view of the user,
even if the display direction is switched by 90 degrees.
[0127] As described above, even if the display direc-
tion is switched by 90 degrees, it is always possible to
carry out appropriate view angle control (for example,
view angle control which changes the view angle in a
horizontal direction from view of the user) similarly to the
view angle control direction which has not been switched
yet, by switching the view angle control direction in ac-
cordance with the switching of the display direction.
Hence, it is possible to appropriately prevent the display
contents from being peeked in by the surrounding people,
regardless of which direction the display direction is
switched to. As a result, even if the display direction of
the display section is switched, it is possible to maintain
an appropriate view angle.

[0128] It is preferable for the aforementioned liquid
crystal display device in which the display section is ro-
tatable on an axis perpendicular to a display screen of
the display section so as to be fixed at respective one of
at least two rotational positions, to be arranged such that
a first view angle control direction, corresponding to a
first rotational position at which the display section stays
before the display section rotates, is a horizontal direction
of the display section which stays at the first rotational
position, and a second view angle control direction, cor-
responding to a second rotational position at which the
display section stays after the display section rotated, is
a horizontal direction of the display sections which stays
at the second rotational position.

[0129] According to the arrangement, the view angle
control direction of the rotational position is always in a
horizontal direction of the display section fixed at the ro-
tational position. The view angle control means carries
outa view angle control of the display section by changing
a width of the view angle in a horizontal direction of a
fixed display section.

[0130] Hence, no matter which rotational position the
display section is rotated to, it is possible to appropriately
control the narrow view angle and the broad view angle
always in a horizontal direction from view of the user.
[0131] Asdescribed above, no matter which rotational
position the display section is rotated to, the view angle
control direction is changed in accordance with this ro-
tation of the display section. Hence, it is possible to al-
ways carry out appropriate view angle control (horizontal
direction of the display section, i.e., view angle control
which changes the view angle in a horizontal direction
from view of the user) similarly with the view angle control
direction which has not been switched yet. This appro-
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priately prevents the display contents from being peeked
from the surroundings, no matter which rotational posi-
tion the display section is rotated to. As a result, even if
the display direction of the display section is switched, it
is possible to maintain an appropriate view angle.
[0132] Furthermore, the view angle control means may
cause a view angle of the display section in the second
view angle control direction to be a same view angle as
a view angle, in the first view angle control direction,
which is indicated by angle information stored in a view
angle information storage section.

[0133] According to the arrangement, the view angle
control means controls such that a view angle in the sec-
ond view angle control direction of a display section dur-
ing action in a second display direction which has been
switched (or, adisplay section fixed at a second rotational
position which has beenrotated) has the same view angle
as that of the first view angle control direction of the dis-
play section during action in the first display direction
which has not been switched yet (or, a display section
fixed at a first rotational position which has not been ro-
tated yet). Information of the view angle in the first view
angle control direction is stored in the view angle infor-
mation storage section.

[0134] This maintains, at all times, a same view angle
of the display section even in cases where, for example,
the display section has been switched, or the view angle
is controlled in a different view angle control direction due
to a rotation of the display section or the like. As a result,
it is possible to maintain an appropriate view angle even
if the position of the display section has been switched.
[0135] Furthermore, it is preferable for the view angle
control means to correct a pixel value of display data to
be displayed on the display section, so as to carry out at
least one of a view angle control to be carried out in the
first view angle control direction and a view angle control
to be carried out in the second view angle control direc-
tion, by correcting a pixel value of display data to be dis-
played on the display section.

[0136] In order to carry out the view angle controls in
the first view angle control direction and in the second
view angle control direction by changing an arrangement
(liquid crystal layer, polarizing plate, substrate, backlight,
and the like) of the display section, it is necessary to
provide separate arrangements for carrying out the view
angle control in the first view angle control direction and
for carrying out the view angle control in the second view
angle control direction. This makes the arrangement of
the display section complex, and causes the size of the
display section to increase.

[0137] However, by carrying out at least one of the
view angle control by correcting a pixel value of display
data (for example, software processing of gamma cor-
rection and the like) as the aforementioned, it is possible
to maintain an appropriate view angle with respect to a
position (display direction/rotational position) while not
making the arrangement of the liquid crystal display de-
vice complex or large in size. Therefore, in a case where
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the liquid crystal display device is provided to a portable
information terminal device essentially reduced in size
and weight, it is particularly great in effect since complex-
ity and increase in size of the liquid crystal display device
is avoided.

[0138] The view angle control means may suspend a
view angle control in the first view angle control direction
while the view angle control is being carried out in the
second view angle control direction.

[0139] According to the arrangement, the view angle
control means suspends the view angle control that has
been carried out in accordance with the view angle con-
trol direction of the display direction (this may also be the
rotational position; hereinafter described just by the dis-
play direction) which has not been switched yet, in a case
where the display direction has been switched to a dif-
ferent display direction.

[0140] The view angle control which has been carried
out before the display direction has been switched is not
necessarily suitable for controlling a view angle of the
display section while the display section is in action in a
display direction which has been switched. Therefore, it
is possible to prevent carrying out of inappropriate view
angle control followed by the switching, by suspending,
in response to the switching of the display direction, the
view angle control carried out based on the view angle
control direction which has not been switched yet. As a
result, even if the display direction of the display section
is switched (regardless of which rotational position the
display section is rotated to), an appropriate view angle
is maintained.

[0141] The following description uses a specific exam-
ple for explanation. For example, assume that a longitu-
dinal display section is rotated by 90 degrees and fixed
so as to be long sideways, and further the display direc-
tion is switched by 90 degrees to a different display di-
rection, in line with the rotation of the display section, in
a liquid crystal display device which controls a view angle
by changing a width of the view angle in the left and right
sides from view of the user as the aforementioned. In this
case, if the view angle control based on the view angle
control direction which has not been switched (rotated)
yet is carried out is not suspended, this would cause the
view angle to change in a parallel direction in the display
direction which has been switched (vertical direction from
view of the user). This causes inconvenience to the user.
[0142] However, according to the arrangement, the
view angle control in a vertical direction from view of the
user (view angle control direction) carried out from before
the switchingis carried out can be suspended inresponse
to the switching of the display direction by 90 degrees.
Hence, the foregoing inconvenience is solved.

[0143] Itis further preferable for the view angle control
means to further suspend a narrow view angle control in
a case where the narrow view angle control is carried out
in the first view angle control direction.

[0144] According to the arrangement, the view angle
control means suspends the narrow view angle control
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in a case where (i) narrow view angle control is carried
out which narrows a view angle in a view angle control
direction corresponding to the display direction which has
not been switched yet (rotational position which has not
been rotated yet), and (ii) the display direction has been
switched (the display section has been rotated).

[0145] Hence, it is possible to prevent inappropriate
narrow view angle control to be carried out, after the dis-
play direction (rotational position) has been switched. As
described above, it is possible to control the view angle
appropriately in accordance with the display direction (ro-
tational position).

[0146] Thefollowing description uses the foregoing ex-
ample for explanation. For example, assume that with a
liquid crystal display device that carries out the narrow
view angle control by limiting the view angle from left and
right sides from view of the user, a display direction is
switched by 90 degrees (in line with this, a user rotates
the display section by 90 degrees). In this case, if the
view angle control carried out based on the view angle
control direction which has not been switched yet is not
suspended, this causes the view angle in a parallel di-
rection of the display direction which has been switched
(vertical direction from the user) to be limited. This causes
inconvenience to the user. That is to say, if the narrow
view angle control which limits the view angle is not de-
actuated, the view in the vertical direction is limited when
the display section is tilted forwards and backwards. This
causes the user themselves to not be able to visualize
the display contents on the display screen.

[0147] However, according to the arrangement, it is
possible to suspend, in accordance with the switching of
the display direction by 90 degrees, the view angle control
based on the vertical direction (view angle control direc-
tion) from view of the user before the switching is carried
out. This solves the aforementioned inconvenience. As
a result, it is possible to maintain an appropriate view
angle, even if the display direction (rotational position) of
the display section has been switched.

Industrial Applicability

[0148] A liquid crystal display device of the present in-
vention can maintain an appropriate view angle in ac-
cordance with a usage state of the liquid crystal display
device. Therefore, the liquid crystal display device is ap-
plicable to an information processing device which in-
cludes a liquid crystal display device operable in various
rotational positions or various display directions. Further-
more, the liquid crystal display device of the present in-
vention can limit the view angle in an appropriate view
angle control direction in accordance with the usage
state. Hence, the liquid crystal display device is particu-
larly suitably used in portable information terminal devic-
es such as a mobile phone, which are small in size, which
can easily rotate the liquid crystal display device, and are
frequently used in an environment which may be peeked
in by surrounding people.
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Claims

1.

A liquid crystal display device comprising:

display direction switching means for switching
a display direction to one of at least two display
directions, the display direction being indicative
of atop and bottom of display contents displayed
on a display section;

display direction determination means for deter-
mining a display direction which has been
switched by the display direction switching
means; and

view angle control means for changing a view
angle of the display section in a predetermined
view angle control direction corresponding to the
display direction determined by the display di-
rection determination means.

A liquid crystal display device in which a display sec-
tion is rotatable on an axis perpendicular to a display
screen of the display section so as to be fixed at
respective one of at least two rotational positions,
said liquid crystal display device comprising:

rotational position determination means for de-
termining a rotational position of the display sec-
tion; and

view angle control means for changing a view
angle of the display section in a predetermined
view angle control direction corresponding to the
rotational position determined by the rotational
position determination means.

The liquid crystal display device as set forth in claim
1, wherein

the predetermined view angle control direction cor-
responding to the display direction is a horizontal
direction of the display section where the display di-
rection of the display section is a vertical direction,
and

an angle difference between (i) a display direction
which has been switched by the display direction
switching means and which has been determined by
the display direction determination means and (i) a
display direction which has not been switched yet by
the display direction switching means is same as an
angle difference between (i) afirst view angle control
direction in which the view angle control means con-
trols a view angle, the first view angle control direc-
tion corresponding to a display direction which has
not been switched yet by the display direction switch-
ing means and (ii) a second view angle control di-
rection in which the view angle control means con-
trols a view angle, the second view angle control
direction corresponding to a display direction which
has been switched by the display direction switching
means.
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The liquid crystal display device as set forth in claim
2, wherein

a first view angle control direction, corresponding to
a first rotational position at which the display section
stays before the display section rotates, is a horizon-
tal direction of the display section which stays at the
first rotational position, and

asecond view angle control direction, corresponding
to a second rotational position at which the display
section stays after the display section rotated, is a
horizontal direction of the display sections which
stays at the second rotational position.

The liquid crystal display device as set forth in claim
3 or 4, wherein

the view angle control means causes a view angle
of the display section in the second view angle con-
trol direction to be a same view angle as a view angle,
in the first view angle control direction, which is in-
dicated by angle information stored in a view angle
information storage section.

The liquid crystal display device as set forth in any
one of claims 3 through 5, wherein

the view angle control means corrects a pixel value
of display data to be displayed on the display section,
so as to carry out at least one of a view angle control
to be carried out in the first view angle control direc-
tion and a view angle control to be carried out in the
second view angle control direction.

The liquid crystal display device as set forth in any
one of claims 3 through 6, wherein

the view angle control means suspends a view angle
control in the first view angle control direction while
the view angle control is being carried out in the sec-
ond view angle control direction.

The liquid crystal display device as set forth in claim
7, wherein

the view angle control means further suspends a nar-
row view angle control in a case where the narrow
view angle control is carried out in the first view angle
control direction.

A portable information terminal device comprising a
liquid crystal display device recited in any one of
claims 1 through 8.

A method for controlling a view angle of a liquid crys-
tal display device, comprising the steps of:

(i) switching a display direction to one of at least
two display directions, the display direction be-
ing indicative of a top and bottom of display con-
tents displayed on a display section of the liquid
crystal display device;

(i) determining a display direction which has
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been switched in the step (i); and

(iii) changing a view angle of the display section
in a predetermined view angle control direction
corresponding to the display direction deter-
mined in the step (ii).

11. A method for controlling a view angle of a liquid crys-

tal display device in which a display section is rotat-
able on an axis perpendicular to a display screen of
the display section so as to be fixed at respective
one of at least two rotational positions,

said method comprising the steps of:

(i) determining a rotational position of the display
section; and

(i) changing a view angle of the display section
in a predetermined view angle control direction
corresponding to the rotational position deter-
mined in the step (i).

12. A control program for causing a computer to function

as each of the means of a liquid crystal display device
recited in any one of claims 1 through 8 or to function
as each of the means of a portable information ter-
minal device recited in claim 9.

13. A computer-readable recording medium in which a

control program recited in claim 12 is stored.
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