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(57) ABSTRACT

An LCD device includes: an LC panel which exhibits differ-
ent gamma curves under different view angles, and a display
control circuit which divides a single frame period into first
and second display periods and divides a display region of the
LC panel into first and second regions. The display control
circuit has a luminance computing section which computes A
to D so that A to D satisfies A+C=B+D and A=B=D as well as
C=B=D, where A and C are gray-level luminances, A and B
are the white luminances of pixel data displayed in the first
and second regions, respectively, during the first display
period, and C and D are the white luminances of pixel data
displayed in the first and second regions, respectively, during
the second display period.

10 Claims, 11 Drawing Sheets
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LIQUID CRYSTAL DISPLAY, DISPLAY
METHOD, PROGRAM, AND RECORDING
MEDIUM

RELATED APPLICATIONS

This application is a National Phase of International Appli-
cation No. PCT/JP2011/058329, filed Mar. 31, 2011 and
claims benefit from Japanese Patent Application No. 2010-
086445, filed Apr. 2, 2010.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device, adisplay method, a program, and a recording medium
for displaying an image in accordance a viewing angle.

BACKGROUND ART

Liquid crystal display devices have the advantage of being
thin in thickness, light in weight, and low in power consump-
tion among various display devices, and have recently been
widely used in various fields such as TV (televisions), moni-
tors, and portable terminals instead of CRTs (cathode-ray
tubes).

Conventionally, in order to protect privacy during use of
portable terminals such as cellular phones, various anti-peek-
ing techniques have been proposed. One of them is a tech-
nique that utilizes the viewing angle characteristics of liquid
crystals.

(a) of FIG. 10 is a diagram showing a y (gamma) charac-
teristic of a typical VA (vertical alignment) liquid crystal
panel, and (b) of FIG. 10 is a diagram showing a gamma
characteristic obtained by using a multi-gamma technique.

In (a) of FIG. 10, y11 indicates a gamma curve obtained
when the liquid crystal panel is looked squarely at, and y12
indicates a gamma curve obtained when the liquid crystal
panel is looked obliquely at.

Further, in (b) of FIG. 10, y13 indicates a gamma curve
obtained when the liquid crystal panel is divided into first and
second regions and the first and second regions are looked
squarely at, and y14 indicates a gamma curve obtained when
the first region is looked obliquely at, and y15 indicates a
gamma curve obtained when the second region is looked
obliquely at.

It should be noted that looking squarely or obliquely at the
liquid crystal panel means looking squarely or obliquely at a
display screen of the liquid crystal panel. Further, in the
following description, the term “during square viewing”
refers to the time when the liquid crystal panel is looked
squarely at, and the term “during oblique viewing” refers to
the time when the liquid crystal panel is looked obliquelyat.

As shown in (a) of FIG. 10, a typical VA liquid crystal
display device shows a phenomenon (excess brightness) of a
gray level becoming higher in luminance when looked
obliquely at.

That is why there is a technique (multi-gamma) for adjust-
ing luminance in adjacent pixels to reduce excess brightness.
Conventionally, a technique for effecting privacy by applying
the multi-gamma technique has been known.

The technique is a technique for, with the liquid crystal
panel having its display region divided into first and second
regions, applying a normal gamma voltage to the first region
and applying a multi-gamma voltage to the second region.

According to the technique, as shown in (a) of FIG. 10, the
first region and the second region are substantially equal in
luminance to each other when the liquid crystal panel is
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looked squarely at, but differ in luminance from each other
when the light crystal panel is looked obliquely at. Therefore,
privacy is effected by utilizing a phenomenon of a checkered
pattern appearing when the liquid crystal panel is looked
obliquely at and making it hard to see characters, etc. that are
displayed in the first region when the liquid crystal panel is
looked squarely at.

Patent Literature 1 discloses a technique for preventing
peeking by applying the foregoing technique to display, dur-
ing oblique viewing in a narrow viewing angle mode, a com-
posite image obtained by combining a primary image and a
secondary image that is different from the primary image.

(a) of FIG. 11 is a diagram showing a relationship between
pixel data of pixels adjacent to each other in the first region of
Patent Literature 1 and the averages of luminances during
square viewing and during oblique viewing, and (b) of FIG.
11 is a diagram showing a relationship between pixel data of
pixels adjacent to each other in the second region of Patent
Literature 1 and the averages of luminances during square
viewing and during oblique viewing.

In order to cause a checkered pattern to be displayed when
the liquid crystal panel is looked obliquely at, Patent Litera-
ture 1 sets up pixel data for each separate pixel as shown in (a)
and (b) of FIG. 11. That is, in the first region, the pixel data of
all the pixels take on a value of “189”, and in the second
region, the pixel data of upper left and lower right pixels of
four pixels adjacent to each other take on a value of “0” and
the pixel data of the remaining two pixels take on a value of
“255” so that the pixel data of adjacent pixels in the second
region take on different values from each other.

In this case, the averages of luminances during square
viewing in the first and second regions are both 50%. There-
fore, when the liquid crystal panel is looked squarely at, the
first and second regions look the same way. Meanwhile, dur-
ing oblique viewing, the first region has an average luminance
factor 0f39% and the second region has an average luminance
factor 0f 20%. The difference in luminance between the aver-
age luminance factors is seen as a notable difference in lumi-
nance when the liquid crystal panel is looked obliquely at. As
a result, a composite image obtained by combining a check-
ered pattern with the primary image is seen from an oblique
angle. Therefore, peeking is prevented.

Further, Patent Literature 2 discloses a technique for mak-
ing an image seen from an oblique angle unclear by making
transmittance during square viewing and transmittance dur-
ing oblique viewing different from each other by partially
switching the orientation of liquid crystals in each pixel
between a narrow viewing angle and a wide viewing angle.

Patent Literature 3 discloses a technique for, when a user
other than a user who has logged in the device has been
detected, changing the output state of an image or a sound so
that it is difficult to recognize the image or the sound.

CITATION LIST

Patent Literature 1

Japanese Patent Application Publication, Tokukai, No. 2009-
222943 A (Publication Date: Oct. 1, 2009)

Patent Literature 2

Japanese Patent Application Publication, Tokukai, No. 2009-
64025 A (Publication Date: Mar. 26, 2009)

Patent Literature 3

Japanese Patent Application Publication, Tokukai, No. 2008-
283578 A (Publication Date: Nov. 20, 2008)
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SUMMARY OF INVENTION

Technical Problem

However, the technique described in Patent Literature 1 has
such a problem that since the display image has been
retouched, the checkered pattern is slightly visible also when
the liquid crystal panel is looked squarely at.

Neither Patent Literature 2 nor 3 discloses anything about
making it hard for a pattern that should be seen from an
oblique angle to be seen when the liquid crystal panel is
looked squarely at.

The present invention has been made in view of the fore-
going problems, and it is an object of the present invention to
provide a liquid crystal display device and a display method
that makes it possible to protect privacy and improve the
display quality of an image when the liquid crystal panel is
looked squarely at, a program therefor, and a computer-read-
able recording medium containing such a program.

Solution to Problem

In order to solve the foregoing problems, a liquid crystal
display device according to the present invention is a liquid
crystal display device including: a liquid crystal panel which
exhibits different gamma curves between a time when the
liquid crystal panel is looked squarely at and a time when the
liquid crystal panel is looked obliquely at: and a display
control circuit (display control means) which divides a single
frame period into a first display period and a second display
period and divides a display region of the liquid crystal panel
into a first region and a second region, and which causes data
corresponding to different video sources to be displayed in
the first region and the second region, respectively, the display
control circuit having a luminance computing section which
computes A to D so that A to D satisfies A+C=B+D and
A=B=D as well as C=B=D, where A and C are gray-level
luminances, assuming (1) that A is the maximum luminance
of an output tone with respect to an input tone of pixel data
that is displayed in the first region during the first display
period and B is the maximum luminance of an output tone
with respect to an input tone of pixel data that is displayed in
the second region during the first display period, and (2) that
C is the maximum luminance of an output tone with respect to
an input tone of pixel data that is displayed in the first region
during the second display period and D is the maximum
luminance of an output tone with respect to an input tone of
pixel data that is displayed in the second region during the
second display period.

In order to solve the foregoing problems, a display method
according to the present invention is a display method for
dividing a single frame period into a first display period and a
second display period and dividing, into a first region and a
second region, a display region of a liquid crystal panel which
exhibits different gamma curves between a time when the
liquid crystal panel is looked squarely at and a time when the
liquid crystal panel is looked obliquely at, and for causing
data corresponding to different video sources to be displayed
in the first region and the second region, respectively, the
display method including the step of: computing A to D so
that A to D satisfies A+C=B+D and A=B=D as well as
C=B=D, where A and C are gray-level luminances, assuming
(1) that A is the maximum luminance of an output tone with
respect to an input tone of pixel data that is displayed in the
first region during the first display period and B is the maxi-
mum luminance of an output tone with respect to an input
tone of pixel data that is displayed in the second region during
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the first display period, and (2) that C is the maximum lumi-
nance of an output tone with respect to an input tone of pixel
data that is displayed in the first region during the second
display period and D is the maximum luminance of an output
tone with respect to an input tone of pixel data that is dis-
played in the second region during the second display period.

The adjectives “first” and “second” here means that the
things they describe are different from each other, and are not
intended to specify the order of the things they describe.

Since A to D satisfy the foregoing conditions, the present
invention makes it possible to provide a liquid crystal display
device which can protect privacy and improve the display
quality of an image when the liquid crystal panel is looked
squarely at.

The reason for this is explained by taking as an example a
case where pixel the data that is displayed in the first region is
pixel data that is recognized when the liquid crystal panel is
looked squarely at and the pixel data that is displayed in the
second region is pixel data that is recognized when the liquid
crystal panel is looked obliquely at.

In this case, the luminance of the pixel data that can be
recognized when the liquid crystal panel is looked squarely
at, i.e., the luminance A+C of the pixel data that is displayed
in the first region is equal to the luminance of the pixel data
that can be recognized when the liquid crystal panel is looked
obliquely at, i.e., the luminance B+D of the pixel data that is
displayed in the second region. For this reason, the first and
second regions exhibit identical gamma curves when the lig-
uid crystal panel is looked squarely at.

This makes it hard for the data that is displayed in the
second region to be recognized when the liquid crystal panel
1s looked squarely at, thus making it possible to improve the
display quality of an image when the liquid crystal panel is
looked squarely at.

Further, since A to D satisfy the foregoing conditions, the
luminance of the pixel data that is displayed during the first
display period and the luminance of the pixel data that is
displayed during the second display period are different from
each other at least in the second region. For this reason, the
second region exhibits different gamma curves during the
first and second display periods when the liquid crystal panel
is looked obliquely at. For this reason, the first and second
regions exhibit different gamma curves when the liquid crys-
tal panel is looked obliquely at.

Therefore, when the liquid crystal panel is looked
obliquely at, an image based on the pixel data that is displayed
in the second region can be recognized, but an image based on
the pixel data that is displayed in the first region can hardly be
recognized, so that privacy can be protected.

The liquid crystal display device or, in other words, the step
of the display method may be achieved by computer. In this
case, a program for causing a computer to execute the step of
the display method or, in other words, a program that achieves
the liquid crystal display device on a computer by causing the
computer to operate as each of the means is also encompassed
in the scope of the present invention. Further, a computer-
readable recording medium containing such a program is also
encompassed in the scope of the present invention.

Advantageous Effects of Invention

As described above, a liquid crystal display device and a
display method according to the present invention each divide
a single frame period into a first display period and a second
display period and divide, into a first region and a second
region, a display region of a liquid crystal panel which exhib-
its different gamma curves between a time when the liquid
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crystal panel is looked squarely at and a time when the liquid
crystal panel is looked obliquely at, as described above, the
liquid crystal display device and the display method each
computing A to D so that A to D satisfies A+C=B+D and
A=B=D as well as C=B=D, where A and C are gray-level
luminances, assuming that A is the maximum luminance of an
output tone with respect to an input tone of pixel data that is
displayed in the first region during the first display period,
that B is the maximum luminance of an output tone with
respect to an input tone of pixel data that is displayed in the
second region during the first display period, that C is the
maximum luminance of an output tone with respect to an
input tone of pixel data that is displayed in the first region
during the second display period, and that D) is the maximum
luminance of an output tone with respect to an input tone of
pixel data that is displayed in the second region during the
second display period.

Therefore, while the first and second regions exhibits iden-
tical gamma curves when the liquid crystal panel is looked
squarely at, the first and second regions exhibits different
gamma curves when the liquid crystal panel is looked
obliquely at.

For this reason, the present invention makes it possible to
protect privacy by preventing peeking from an oblique angle
and improve the display quality of an image when the liquid
crystal panel is looked squarely at.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
display control circuit in a liquid crystal display device
according to an embodiment of the present invention.

FIG. 2 is a block diagram schematically showing a con-
figuration of a main part of a liquid crystal display device
according to an embodiment of the present invention.

FIG. 3 is a graph showing relationships between input
tones and output tones during first and second display peri-
ods, respectively, in the liquid crystal display device.

FIG. 4 is a timing chart showing operation of the liquid
crystal display device.

FIG. 5 is a set of diagrams (a) and (b), (a) being a diagram
explaining each display region during the first display period
of the liquid crystal display device and a relationship between
pixel data that are written to each separate pixel in each
display region and a display state of a display panel during the
first display period of the liquid crystal display device, (b)
being a diagram explaining each display region during the
second display period of the liquid crystal display device and
a relationship between pixel data that are written to each
separate pixel in each display region and a display state of the
display panel during the second display period of the liquid
crystal display device.

FIG. 6 is a set of diagrams (a) and (b), (a) being a diagram
showing a display state of the liquid crystal panel as looked
obliquely at when the first and second display periods have
been averaged in the liquid crystal display device, (b) being a
diagram showing a display state of the liquid crystal panel as
looked squarely at when the first and second display periods
have been averaged in the liquid crystal display device.

FIG. 7 is a set of graphs (a) and (b), (a) being a graph
showing a relationship between input tones and output tones
during the first display period of the liquid crystal display
device, (b) being a graph showing a relationship between
input tores and output tones during the second display period
of the liquid crystal display device.

FIG. 8 is a set of diagrams (a) and (b), (a) being a diagram
showing a gamma characteristic in a first region of a liquid
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crystal panel 1 of the liquid crystal display device, (b) being a
diagram showing a gamma characteristic in a second region
of the liquid crystal panel 1 of the liquid crystal display
device.

FIG. 9 is a set of diagrams (a) and (b), (a) being a diagram
showing a relationship between pixel data of pixels adjacent
to each other in the first display region of the liquid crystal
display device and the averages of luminances during square
viewing and during oblique viewing, (b) being a diagram
showing a relationship between pixel data of pixels adjacent
to each other in the second display region of the liquid crystal
display device and the averages of luminances during square
viewing and during oblique viewing.

FIG. 10 is a set of diagrams (a) and (b), (a) being a diagram
showing a gamma characteristic of a typical VA liquid crystal
panel, (b) being a diagram showing a gamma characteristic
obtained by using a multi-gamma technique.

FIG. 11 is a set of diagrams (a) and (b), (a) being a diagram
showing a relationship between pixel data of pixels adjacent
to each other in the first region of Patent Literature 1 and the
averages of luminances during square viewing and during
oblique viewing, (b) being a diagram showing a relationship
between pixel data of pixels adjacent to each other in the
second region of Patent Literature 1 and the averages of
luminances during square viewing and during oblique view-
ing.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention is described in
detail below.

<Schematic Configuration of a Liquid Crystal Display
Device>

FIG. 2 is a block diagram schematically showing a con-
figuration of a main part of a liquid crystal display device
according to an embodiment of the present invention.

As shown in FIG. 2, a liquid crystal display device 100
according to the present embodiment includes: a liquid crys-
tal panel 1, a backlight 2 (illuminating means), a gate driver 3,
which is a driving circuit for driving the liquid crystal panel 1,
a source driver 4; and a display control circuit 5 (display
control means, display control section).

The backlight 2, provided behind the liquid crystal panel 1
(toward the surface of the liquid crystal panel 1 opposite to the
display surface), irradiates the liquid crystal panel 1 with
light.

Usable examples of the backlight 2 include an LED back-
light system using LEDs (light-emitting diodes) as light-
emitting elements, etc.

The liquid crystal panel 1 is an active-matrix liquid crystal
panel having a plurality of pixels PIX arranged in rows and
columns. The liquid crystal panel 1 has a structure in which a
liquid crystal layer is sandwiched between an active-matrix
substrate and a counter substrate, albeit not illustrated. Usable
examples of the liquid crystal panel 1 include various pub-
licly-known liquid crystal panels.

Therefore, no description or illustration is given here of a
configuration of any of the substrates of the liquid crystal
panel 1.

The liquid crystal panel 1 can be driven by any driving
method that makes a difference between a gamma curve
during square viewing and a gamma curve during oblique
viewing. Examples of such a driving method include a VA
mode, a TN mode, etc.

The liquid crystal panel 1 has a plurality of gate lines GL1,
GL2,GL3,...,and GLn (where nis an integer of 1 or greater)
and a plurality of source lines SL.1, SL2, SL3, . .., SLm
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(where m is an integer of 1 or greater) disposed to intersect
with each other. In the following, these gate lines GL1, GL.2,
GL3, ..., and GLn are collectively referred to as “gate lines
GL”, and these source lines SL.1, SL.2, SL3, ..., SLm are
collectively referred to as “source lines SL”.

Each of those regions surrounded by these gate lines GL
and source lines SL, corresponds to a single pixel, and each of
the pixels PIX is provided with a pixel electrode and a switch-
ing element such as a TFT, albeit not illustrated.

The gate lines GL are connected to the gate driver 3, and the
source lines SL are connected to the source driver 4. Further,
each of the switching elements has its gate electrode con-
nected to a gate line GL, its source electrode connected to a
source line S, and its drain electrode connected to the pixel
electrode.

With this, by ON/OFF (on/off) controlling the switching
element, the pixel electrode is selectively supplied with a
source signal. Specifically, when the switching element is
supplied with a gate signal from the gate driver 3 via the gate
line GL, the switching element comes into an ON state, so that
the pixel electrode is supplied with a source signal flowing
from the source electrode of the switching element to the
drain electrode of the switching element. It should be noted
that the following description assumes that the expression
“gate line GL has been turned ON” refers to the time when the
switching element has come into an ON state by being sup-
plied with a gate signal from the gate driver 3 via the gate line
GL.

Such a source signal is supplied from the source driver 4 via
a source line SL. The source driver 4 supplies source signals
(SOURCE (1), SOURCE (2): see FIG. 4) to each separate
source line SL in the order of scanning in accordance with a
timing signal supplied from the display control circuit 5.

The display control circuit 5 receives input data from an
input data supply source (not illustrated), generates a gate
control signal and a source control signal from the input data,
and supplies the gate driver 3 with the gate control signal thus
generated and also supplies the source driver 4 with the
source control signal thus generated.

With this, the display control circuit 5 divides a single
frame period into a first display period (first sub-frame) and a
second display period (second sub-frame) and divides a dis-
play region of the liquid crystal panel 1 into a first region and
a second region, and causes data corresponding to different
video sources to be displayed in the first and second regions,
respectively.

<Configuration of the Display Control Section>

The following describes a configuration of the display
control circuit 5 in detail.

FIG. 1 is a block diagram showing a configuration of the
display control circuit 5.

The display control circuit 5 includes a timing signal gen-
erating section 51 (timing controller, timing signal generating
means), a luminance computing section 52 (luminance com-
puting means), and a tone voltage generating section 53 (tone
voltage generating means).

Input data that is inputted from the input data supply source
to the display control circuit 5 contains a video source (e.g.,
pixel data such as RGB data) and control signals such as a
horizontal synchronizing signal and a vertical synchronizing
signal.

The timing signal generating section 51 receives control
signals such as a horizontal synchronizing signal and a verti-
cal synchronizing signal from the input data supply source,
generates a gate control signal and a source control signal in
accordance with the control signals thus received, and sup-
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plies the gate control signal and the source control signal to
the gate driver 3 and the source driver 4, respectively.

The gate control signal and the source control signal are
timing signals for controlling the timing of driving of the gate
driver 3 and the source driver 4, respectively.

The gate control signal contains a gate start pulse, a gate
shift clock pulse, a gate output enable signal, etc.

The source control signal contains a source start pulse, a
source shift clock pulse, a source output enable signal, a
reverse polarity signal, etc.

Examples of the input data supply source include, but are
not particularly limited to, cellular phones, portable game
machines, PDA (personal digital assistants), digital cameras,
laptop computers, electronic books, etc. Further, the video
source may be a still image or a moving image. Examples of
the video source include books (texts), photographs, slide
shows, word processing documents, etc.

The video source contains various pixel data such as color
information and tone information on an image that is dis-
played on the liquid crystal panel 1.

The liquid crystal display device 100 carries out a display
with the liquid crystal panel 1 having its display region
divided into first and second regions that differ in shading
from each other when the liquid crystal panel 1 is looked
obliquely at, so that a shading pattern is displayed when the
liquid crystal panel 1 is looked obliquely at.

It should be noted that the present embodiment assumes
that the first region is a region that becomes a relatively
light-colored region (light-colored pattern) when the liquid
crystal panel 1 is looked obliquely at and the second region is
aregion that becomes a relatively deep-colored region (deep-
colored pattern) when the liquid crystal panel 1 is looked
obliquely at.

A video source that is supplied from the input data supply
source contains a primary image and a secondary image that
are displayed in the first and second regions, respectively, into
which a display image on the liquid crystal panel 1 has been
divided.

The term “primary image” here refers to an original image
that is recognized during square viewing, and the term “sec-
ondary image” here refers to an image which is combined
with the primary image during oblique viewing and which is
different from the primary image.

Further, the liquid crystal display device 100 carries out a
sub-frame display. The term “sub-frame display” here refers
to a method for carrying out a display with a single frame
divided into a plurality of sub-frames.

The liquid crystal display device 100 carries out a display
in accordance with a single frame of video signal that is
inputted during a single frame period, at a frequency twice as
high as that of the video signal, and during two sub-frames
(first display period, second display period) equal in size
(duration).

The luminance computing section 52 (i) receives, as a
video source from the input data supply source, pixel data of
primary and secondary images that are displayed in the first
and second regions, respectively, (ii) calculates, from the
luminances of the pixel data thus received, white luminances
(white-level luminances, maximum luminances) that are dis-
played during the first and second display periods in the first
and second display regions, and (iii) sends the white lumi-
nances to the tone voltage generating section 53.

The tone voltage generating section 53 generates, from the
white luminance data received from the luminance comput-
ing section 52, a signal corresponding to a tone voltage
according to a display tone during each display period in each
display region. Such signals serve as tone signals correspond-
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ing to the pixel data that are displayed during the first and
second display periods in the first and second display regions.
Then, the tone voltage generating section 53 sends the tone
signals thus generated to the source driver 4 as output signals
(SOURCE (1), SOURCE (2)).

The source driver 4 receives the source signals (SOURCE
(1), SOURCE (2)) from the tone voltage generating section
53, and supplies the source signals to the source lines SL of
the liquid crystal panel 1 in accordance with the source con-
trol signal received from the timing signal generating section
51.

<How to Compute Luminances>

The following describes how the luminance computing
section 52 computes luminances (luminance computing
step).

Assuming that A is the maximum luminance of an output
tone with respect to an input tone of pixel data that is dis-
plaved in the first region during the first display period, that B
is the maximum luminance of an output tone with respect to
an input tone of pixel data that is displayed in the second
region during the first display period, that C is the maximum
luminance of an output tone with respect to an input tone of
pixel data that is displayed in the first region during the second
display period, and that D is the maximum luminance of an
output tone with respect to an input tone of pixel data that is
displayed in the second region during the second display
period, the luminance computing section 52 computes A to D
so that A to D satisfies A+C=B+D and A=B=D as well as
C=B=D, where A and C are gray-level luminances. It should
be noted that A and C may be identical to or different from
each other.

The adjectives “first” and “second” here means that the
things they describe are different from each other, and are not
intended to specify the order of the things they describe.
However, in order to show the order of the steps, the following
description assumes, for convenience of explanation, that the
first display periodis a period (anterior-stage sub-frame, ante-
rior frame) (i) which is one of two sub-frames into which a
single frame period has been divided and (i1) in which a
display is carried out first and the second display period is a
period (posterior-stage sub-frame, posterior frame) which is
the other one of the two sub-frames in which a display is
carried out later than in the first display region.

Further, the following description refers to the maximum
luminance of an output tone with respect to an input tone as
“white luminance” for simplification of explanation.

In the following, steps of the luminance computing step are
described in sequence.

The luminance computing section 52 first receives, as a
video source from the input data supply source, pixel data of
primary and secondary images that are displayed in the first
and second regions, respectively, and determines, from the
luminances of the pixel data thus received, white luminances
(A+C and B+D) that are displayed during the total of the first
and second display periods (i.e., during asignal frame period)
in the first and second display regions. At this point in time,
the white luminances that are displayed in the first and second
regions, respectively, during a single frame period are set to
the same value (A+C=B+D).

Next, the luminance computing section 52 determines
white luminances (A and B) that are displayed in the first and
second region during the first display period. After that, the
luminance computing section 52 calculates, from the white
luminances that are displayed during the total of the first and
second display periods and the white luminances that are
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displayed during the first display period, white luminances (C
and D) that are displayed during the second display period in
the first and second regions.

For example, assuming that the tone of the white lumi-
nances that are displayed in the total of the first and second
display periods is 300, that the tone of the white luminances
that are displayed during the first display period is 255, and
v=2.2, the tone of the white luminances during the second
display period is calculated to be 174 according to the fol-
lowing equation:

300%2-25522=17422,

In the foregoing example, relationships between input
tones and output tones during the first and second display
periods, respectively, are as shown in FIG. 3.

It should be noted that the extent of luminance of light to be
outputted during a single frame (i.e., the total of the first and
second display periods) and the first display periodis not to be
particularly limited, but may be appropriately changed
according to the characteristics, etc. of the device used.

<Principle of Viewing Angle Control>

Next, the principle of control of viewing angles by the
liquid crystal display device 100 is described below with
reference to FIG. 4 through (a) and (b) of FIG. 9.

FIG. 4 is a timing chart showing operation of the liquid
crystal display device 100. (a) of FIG. 5 is a diagram explain-
ing each display region during the first display period and a
relationship between pixel data that are written to each dis-
play region (more specifically, individual pieces of pixel data
that are written to each separate pixel PIX in each display
region) and a display state of a display panel 1 during the first
display period, and (b) of FIG. 5 is a diagram explaining each
display region during the second display period and a rela-
tionship between pixel data that are written to each separate
pixel in each display region and a display state of the display
panel 1 during the second display period. (a) of FIG. 6 is a
diagram showing a display state of the liquid crystal panel 1
as looked obliquely at when the first and second display
periods have been averaged, (b) of FIG. 6 is a diagram show-
ing a display state of the liquid crystal panel 1 as looked
squarely at when the first and second display periods have
been averaged.

For example, in a case where an non-interlace display is
carried out in which a single (single-frame, single-frame-
period) image display is carried out with a single scanning
operation, averaging the first and second display periods
means averaging the first and second display periods over a
single frame period during which a single-frame display is
carried out, i.¢., means totalizing (combining) the first and
second display periods (i.e., the first and second sub-frames).

Alternatively, for example, in a case where an interlace
display is carried out in which a single image display is
carried out with two scanning operations on odd-numbered
lines (odd-numbered stages) and even-numbered lines (even-
numbered stages), respectively, of the gate lines GL, averag-
ing the first and second display periods means dividing a
single frame, 1.e., a single frame period during which a single
image display is carried out, into an odd field (first sub-frame)
containing odd-numbered lines and an even field (second
sub-frame) containing even-numbered lines and averaging a
display tone, for example, by displaying an image that is
displayed in the odd field (first sub-frame) during the first
display period and displaying an image that is displayed in the
even field (second sub-frame) during the second display
period.

Further, the following description takes as an example a
case where as shown in (a) of FIG. 6, a shading pattern in the
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form of a checkered pattern is displayed when the liquid
crystal panel 1 is looked obliquely at.

Further, the following description assumes that when the
first and second display periods have been averaged as shown
in (a) of FIG. 6, the first region is a light-colored portion of the
checkered pattern when the liquid crystal panel 1 is looked
obliquely at and the second region is a deep-colored portion
of the checkered pattern when the liquid crystal panel 1 is
looked obliquely at.

In (a) of FIG. 5, part of the display region of the liquid
crystal panel 1 during the first display period is surrounded
with a frame, and the framed part is shown in enlarged form.
In (b) of FIG. 5, part of the display region of the liquid crystal
panel 1 during the second display period is surrounded with a
frame, and the frame part is shown in enlarged form. Of the
display regions surrounded with the frames in (a) and (b) of
FIG. 5, the regions R1 and R3 constitute the first region, and
the regions R2 and R4 constitute the second region.

As shown in FIG. 4, the gate lines GL are scanned in
sequence from GL1 to GLn during the first display period.
Similarly, as shown in FIG. 4, the gate lines GL are scanned
in sequence from GL1 to GLn during the second display
period.

As shown in FIG. 4, the liquid crystal display device 100
turns ON (on) all the gate lines GL.1 to GLn of the liquid
crystal panel 1 once each during the first and second display
periods (i.e., the first sub-frame period and the second sub-
frame period), thereby displaying different images (image
data) once each during a single frame period in accordance
with SOURCE (1) and SOURCE (2).

It should be noted that it is assumed that the luminance of
light that is outputted from the backlight 2 is constant (100%)
during each display period and in each region.

As shown in FIG. 4 and (a) of FIG. 5, during the first
display period, pixel data “Dla”, “D2a”, “D3a”, “D4a”,
“D5b”,“D6b”, “D7b”, and D8b” are outputted in sequence as
SOURCE (1) to the liquid crystal panel 1, and pixel data
“D1b”, “D2b”, “D3b”, “D4b”, “D3a”, “Déa”, “D7a”, and
D8a” are outputted in sequence as SOURCE (2) to the liquid
crystal panel 1.

Meanwhile, as shown in FIG. 4 and (b) of FIG. 5, during the
second display period, pixel data “D1c”, “D2¢”, “D3¢”, and
“Ddc” are outputted in sequence as SOURCE (1) to the liquid
crystal panel 1, and then black data is outputted four times in
succession as SOURCE (1) to the liquid crystal panel 1.
Further, after the black data has been outputted four times in
succession as SOURCE (2) to the liquid crystal panel 1, pixel
data “D5¢”, “Dé6c”, “D7¢”, and “D8c¢” are outputted in
sequence as SOURCE (2) to the liquid crystal panel 1.

As aresult, when the gate line GL1 is turned ON during the
first display period as shown in FIG. 4, the pixel data “D1a”
is written to those pixels PIX in the region R1 which are
driven via the gate line GL1, and the pixel data “D15” is
written to those pixels PIX in the region R4 which are driven
via the gate line GL1, as shown in (a) of FIG. 5.

After that, when the gate line GL2, the gate line GL3, and
the gate line GL.4 (not illustrated) are turned ON in sequence
during the first display period, the pixel data “D2a”, “D3a”,
and “D4a” are written to those pixels PIX in the region R1
which are driven via these gate lines GL, respectively, and the
pixel data “D2b”, “D3b”, and “D4b” are written to those
pixels PIX in the region R4 which are driven via these gate
lines, respectively, as shown in (a) of FIG. 5.

When the gate line GL5 (not illustrated) is turned ON after
the four pieces of pixel data have been written to each of the
regions R1 and R4, the pixel data “D55” is written to those
pixels PIX in the region R2 which are driven via the gate line
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GLS5, and the pixel data “D5a” is written to those pixels PIX
in the region R3 which are driven via the gate line GL5. Inthe
same manner as above, the pixel data based on SOURCE (1)
and SOURCE (2) are written to each separate pixel PIX in the
region R3 and in the region R2.

When the gate line GL1 is turned ON during the second
display period, the pixel data “D1¢” is written to those pixels
PIX in the region R1 which are driven via the gate line GL1,
and the black data is written to those pixels in the region R4
whichare driven via the gate line GL1, as shownin (b) of FIG.
5.

After that, when the gate line GL2, the gate line GL.3, and
the gate line GL4 (not illustrated) are turned ON in sequence
during the second display period, the pixel data “D2c¢”,
“D3¢”, and “Ddc¢” are written to those pixels PIX in the region
R1 which are driven via these gate lines GL, respectively, and
the black data is successively written to those pixels PIX in
the region R4 which are driven via these gate lines GL,
respectively, as shown in (b) of FIG. 5.

When the gate line GL5 (not illustrated) is turned ON after
the four pieces of pixel data have been written to each of the
regions R1 and R4, the black data is written, during the
second display period as shown in (b) of FIG. 5, to those
pixels PIX in the region R2 which are driven via the gate line
GLS3, and the pixel data “D3¢” is written, during the second
display period as shown in (b) of FIG. 5, to those pixels PIX
in the region R3 which are driven via the gate line GL5. In the
same manner as above, the pixel data based on SOURCE (1)
and SOURCE (2) are written to each separate pixel PIX in the
region R3 and in the region R2.

Table 1 shows examples of tones of white luminance that
are displayed during the first and second display periods in the
first and second regions, respectively.

TABLE 1

Tones of white
luminance to be
displayed during

Tones of white Tones of white

total of first and luminance luminance during
second display during first second display
periods display period period
First region 255 186 186
Second region 255 255 0

(a) and (b) of FIG. 7 show relationship between input tones
and output tones during the first and second display periods as
shown in Table 1, respectively.

As shown in (a) of FIG. 7, the output tone of pixel data that
is written to the first region during the first display period is
186, and the output tone of pixel data that is written to the
second region during the first display period is 255.

That is, while the output tone is approximately half the
input tone in the first region during the first display period, the
input tone is equal to the output tone in the second region
during the first display period. In this manner, the output tone
of pixel data that is written to the first region is low during the
first display period. For this reason, assuming the luminance
of the backlight 2 as 100%, the first region appears to be dark
and grayish during the first display period. This causes the
pattern that is displayed on the liquid crystal panel 1 during
the first display period to be a white-and-gray checkered
pattern as shown in (a) of FIG. 5.

Meanwhile, as shown in (b) of FIG. 7, the output tone of
pixel data that is written to the first region during the second
display period is 186, and the output tone of pixel data that is
written to the second region during the second display period
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is 0. This causes the pattern that is displayed on the liquid
crystal panel 1 during the second display period to be a
gray-and-black checkered pattern as shown in (b) of FIG. 5.

Averaging these first and second display periods causes a
checkered pattern as shown in (a) of FIG. 6 to appear when the
liquid crystal panel 1 is looked obliquely at (during oblique
viewing), but causes a single solid screen image as shown in
(b) of FIG. 6 to appear when the liquid crystal panel 1 is
looked squarely at (during square viewing).

As a result, image data based on SOURCE (1) and
SOURCE (2) is viewed as a primary image during square
viewing, and a composite image obtained by combining a
checkered pattern as shown in (b) of FIG. 6 as a secondary
image with the primary image is viewed during oblique view-
ing.

The reason for this is explained in detail with reference to
gamma curves.

(2) of FIG. 8 is a diagram showing a gamma characteristic
(gamma curve) in the first region of the liquid crystal panel 1,
and (b) of FIG. 8 is a diagram showing a gamma characteristic
(gamma curve) in the second region of the liquid crystal panel
1.

In (a) of FIG. 8, the chain double-dashed line indicates a
gamma curve during a single display period (i.e., during the
first or second display period), and the solid line indicates a
gamma curve obtained by averaging (combining) the firstand
second display periods. (b) of FIG. 8 shows a gamma curve
obtained by averaging the first and second display periods.

Further, in (a)and (b) FIG. 8,v1, y3, and y5 indicate gamma
curves during square viewing, and y2, y4, and v6 indicate
gamma curves during oblique viewing.

As shown in Table 1, (a) and (b) of FIG. 5. and (a) and (b)
of FIG. 7, a display (white display) at a maximum luminance
(output tone=255) is carried out during the first display period
in the second region, and a display (black display) at a mini-
mum luminance (output tone=0) is carried out during the
second display period in the second region. For this reason, as
indicated by y5 and y6 in (b) of FIG. 8, a gamma curve
obtained by averaging the first and second display periods in
the second display region becomes identical to a gamma
curve that is exhibited by a typical liquid crystal panel.

Meanwhile, in the first region, as shown in Table 1, (a) and
(b) of FIG. 5, and (a) and (b) of FIG. 7, the gray tone is the
brightest tone throughout the first and second display periods.
That is, in (b) of FIG. 8, the highest tone is at the place
(intersection) where y1 intersects with the output tone indi-
cated by the dotted line (tone of white luminance=186). Fur-
ther, as indicated by the intersection between the dashed line
and y2, the value of y2 at this point is an output luminance as
seen from an oblique angle.

In the first region, two displays are carried out at the same
gray-level luminance (i.e., at a tone of 186) during the first
and second display periods; therefore, the output luminance
during oblique viewing as obtained by averaging the first and
second display periods is twice higher than the output lumi-
nance during each of the display periods. Therefore, as indi-
cated by v4 and y6, the first and second regions become
different in brightness from each other when the liquid crystal
panel 1 is looked obliquely at. That is, when the liquid crystal
panel 1 is looked obliquely at, the difference in luminance
between the first and second regions appears as a pattern.

Thus, in the liquid crystal display device 100, the first and
second regions exhibit different gamma curves during
oblique viewing. Therefore, the liquid crystal display device
100 shows a checkered pattern when looked obliquely at.

Meanwhile, the first and second regions exhibits identical
gamma curves during square viewing. For this reason, when
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identical tones are displayed, the first and second regions look
the same way as each other as shown in (b) of FIG. 6.

The principle of control of viewing angles in the present
invention is described below with reference to (a) and (b) of
FIG. 9 and (a) and (b) of FIG. 11, in contrast with the tech-
nique described in Patent Literature 1.

(a) and (b) of FIG. 9 are diagrams showing relationships
between pixel data of pixels adjacent to each other in the first
and second display regions, respectively, of the liquid crystal
display pane 100 and the averages of luminances during
square viewing and during oblique viewing, with the lumi-
nance of the backlight 2 being assumed as constant (100%).

For the purpose of contrast, the following description takes
as an example a case where the first and second regions are
each constituted by a pixel group consisting of four adjacent
pixels.

As with the present invention, Patent Literature 1 displays,
in one of the first and second regions (first region), a primary
image that is recognized when the liquid crystal panel is
looked squarely at, and displays, in the other region (second
region), a secondary image that is different from the primary
image.

However, in order to cause a checkered pattern to be dis-
played when the liquid crystal panel is looked obliquely at,
Patent Literature 1 displays pixel data of the same luminance
in all of the four adjacent pixels in the first region as shown in
(a) of FIG. 11, and coverts pixel data of the secondary image
in the second region, as shown in (b) of FIG. 11, so that the
pixel data of the secondary image are equal in luminance to
the pixel data of the primary image in the first region.

For this reason, in Patent Literature 1, of the four pixels in
the second region, the upper left and lower right pixels have a
luminance factor of 0% during square viewing, and the upper
right and lower left pixels have a luminance factor of 100%
during square viewing, as shown in (b) of FIG. 11. Mean-
while, in the first region, each pixel has a luminance factor of
50% during square viewing. This causes the first and second
regions to look differently from each other. As a result, a
combination of the primary image and the secondary image
causes a pixel pattern of the secondary image due to the
difference in luminance factor to be seen even during square
viewing.

On the other hand, the present invention divides a single
frame into first and second display periods (sub-frames), and
as shown in (a) of FIG. 9, displays pixel data of the same
luminance in all of the four adjacent pixels during both the
first and second display periods in the first region.

Meanwhile, as shown in (b) of FIG. 9, the present invention
displays pixel data of the same luminance in all of the four
adjacent pixels during the first display period in the second
region, and, during the second period, displays pixel data of a
different luminance from that during the first display period.

At this point in time, the luminance of pixel data of the
secondary image is calculated so that the total of the lumi-
nance of the pixel data displayed during the first display
period in the second region and the luminance of the pixel
data displayed during the second display period in the second
region is equal to the total of the luminance of the pixel data
of the primary image displayed during the first display period
in the first region and the luminance of the pixel data of the
primary image displayed during the second display period in
the first region.

This causes the first and second region to be identical in
pixel data during the total of the first and second display
periods as shown in (a) and (b) of FIG. 9, so that the first and
second region are also equal in luminance factor during
square viewing.
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Therefore, the luminance of the secondary image as
viewed from a square angle is exactly the same as the lumi-
nance of the primary image, so that the pattern of the second-
ary image that should be seen from an oblique angle is no
longer recognized when the first and second region are looked
squarely at. That is, as shown in (b) of FIG. 6, the first and
second regions look the same way when looked squarely at.

That is, the present invention does not attain the intended
luminance factor by setting adjacent pixels to different lumi-
nance factors and averaging the luminance factors as has
conventionally been done. In other words, the present inven-
tion does not express the intended tone by setting the lumi-
nance factors in adjacent pixels to different values and gen-
erating a gray level therebetween as has conventionally been
done. As shown in (a) and (b) of FIG. 9, the pixel data that are
displayed in adjacent pixels during a single frame period are
equal in luminance factor.

For this reason, the present invention can prevent a pattern
that is supposed to be seen from an oblique angle from being
seen from a square angle, thus making it possible to improve
the display quality of an image when the liquid crystal panel
1 is looked squarely at.

Meanwhile, the first and second regions differ in lumi-
nance factor from each other during oblique viewing. This
causes the pixel pattern of the secondary image due to the
difference in luminance factor to be seen during square view-
ing. That is, shading due to the difference in luminance factor
appears as a pattern.

Therefore, the present invention makes it possible to pro-
tect privacy by preventing peeking from an oblique angle and
improve the display quality of an image when the liquid
crystal panel is looked squarely at.

The present embodiment has been described by taking as
an example a case where black data and image data are
written as SOURCE (1) and SOURCE (2) (that is, black data
is inserted). However, the present embodiment needs only
satisfy the expression (1), and does not always need to include
black data in SOURCE (1) and SOURCE (2) (that is, does not
always need to carry out a black display).

However, as mentioned above, the present embodiment
carries out viewing angle control by using a difference in
luminance between the first and second regions. For this
reason, the greater the difference in luminance between the
first and second regions is, the more conspicuous the pattern
(secondary image) can be made when the liquid crystal panel
1 is looked obliquely at.

Therefore, it is preferable to include black data in either
SOURCE (1) or SOURCE (2) (i.e., to carry out a black
display in the second region during the first or second display
period).

That is, it is preferable that either one of B and D computed
by the luminance computing section 52 be a black level of
luminance and the other one of B and D be a white level of
luminance.

Further, since A is equal to C, either one of B and D is a
black level of luminance, and the other one of B and D is a
white level of luminance, the difference in luminance
between pixel data that are displayed in the first and second
regions during a single frame period is the greatest when the
liquid crystal panel 1 is looked obliquely at. This makes it
possible to enlarge the difference in shading between images
in the first and second regions when the liquid crystal panel 1
is looked obliquely at. This makes it harder to recognize the
image that is displayed in the first region, thus making it
possible to further enhance the effect of privacy protection.
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<Modification>

It should be noted that the present invention is not to be
particularly limited in terms of how many first and second
regions are placed in which region in the display region of the
liquid crystal panel 1.

That is, the first and second regions need only be arranged
to create a shading pattern when the liquid crystal panel 1 is
looked obliquely at, and as mentioned above, the first and
second regions may be disposed in a checkered pattern
obtained by placing a second region 2 in each region adjacent
to a plurality of first regions.

In other words, the secondary image that is displayed dur-
ing oblique viewing is not to be particularly limited, and may
for example be a checkered pattern as mentioned above. It
should be noted that the secondary image can take any shape
such as a logo, a star, or a heart.

Further, the present invention is also applicable to driving
of a field-sequential color liquid crystal display device. That
is, the liquid crystal display device 100 may carry out a color
display according to the field-sequential system and carry out
area-active driving control of the backlight 2. In carrying out
a color display according the field-sequential system, the
liquid crystal panel 1 being suitably used is a liquid crystal
panel including ferroelectric liquid crystals that are suitable
to the field-sequential system and that are fast in response
speed.

Further, the present embodiment has been described by
taking an example a case where the backlight luminances in
the first and second display regions are 100% each. However,
the present invention is not to be limited to such an example.
A combination of backlight luminance and tone voltage may
be appropriately adjusted so that the data on the white lumi-
nances A and B for the first and second regions, respectively,
are sent to the source driver 4 during the first display period
and the data on the white luminances C and D for the first and
second regions, respectively, are sent to the source driver
during the second display period.

In any case, the present invention brings about the afore-
mentioned effects by the luminance computing section com-
puting, in the luminance computing step, the maximum lumi-
nances (white luminances) of output tones with respect to
input tones of pixel data that are displayed in the first and
second regions during the first and second display periods,
respectively, so that the first and second regions exhibit iden-
tical gamma curves when the liquid crystal panel 1 is looked
squarely at and that the first and second regions exhibit dif-
ferent gamma curves when the liquid crystal panel 1 is looked
obliquely at.

The present embodiment has been described by taking as
an example a case where the backlight 2 is used as a light
source; however, the present embodiment is not to be limited
to such an example. For example, the backlight 2 may be
replaced by a front light (not illustrated).

As described above, the present invention can be used for
various purposes that require a narrow viewing angle display
in which an image that is seen when the liquid crystal panel 1
is looked obliquely at is different from an image that is seen
when the liquid crystal panel 1 is looked squarely at. It should
be noted that the liquid crystal display device may be used
switchably between a narrow viewing angle and a wide view-
ing angle, or may be used for purposes that mostly require a
narrow viewing angle.

<Program and a Computer-Readable Recording Medium>

Further, the blocks of the liquid crystal display device 100
or, in particular, the luminance computing section 52, etc. of
the display control circuit 5 may be achieved through hard-
ware logic or through software by using a CPU (central pro-
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cessing unit) or an MPU (micro processing unit) as described
below. In other words, the steps of a display method accord-
ing to the present invention may be executed through software
by using a program.

That is, the liquid crystal display device 100 include: a
CPU or an MPU, which executes instructions from a program
for achieving the corresponding function (step); a ROM (read
only memory), in which the program is stored; an RAM
(random access memory), to which the program is loaded in
an executable format; a memory device (recording medium),
such as a memory, in which the program and various types of
data are stored; and the like.

Moreover, the object of the present invention can be
attained by mounting, to the display control circuit 5, a
recording medium computer-readably containing a program
code (execute form program, intermediate code program, or
source program) of a program for controlling the display
control circuit 5, which is software for achieving the afore-
mentioned functions (steps), in order for the computer (CPU
or MPU) to retrieve and execute the program code recorded in
the recording medium.

It should be noted that the recording medium from which
the program code is supplied to the liquid crystal display
device 100 is not limited to a particular structure or type.
Examples of the recording medium include: tapes, such as
magnetic tapes and cassette tapes; disks including magnetic
disks, such as floppy disks (registered trademark) and hard
disks, and optical disks, such as CD-ROMs, MOs, MDs,
DVDs, and CD-Rs; cards, such as IC cards (including
memory cards) and optical cards; and semiconductor memo-
ries, such as mask ROMs, EPROMs, EEPROMs, and flash
ROMs.

Further, the object of the present invention can also be
attained by making the liquid crystal display device 100 con-
nectable to a communication network. In this case, the pro-
gram code is supplied to the liquid crystal display device 100
via the communication network. The communication net-
work needs only be one via which the program code can be
supplied to the liquid crystal display device 100, and is not
limited to a particular type or configuration. Examples of the
communication network include the Internet, an intranet, an
extranet, a LAN, ISDN, a VAN, a CATV communication
network, a virtual private network, a telephone line network,
a mobile communication network, a satellite communication
network, etc.

Further, a transmission medium constituting the commu-
nication network needs only be any medium that can transmit
the program code, and is not limited to a particular configu-
ration or type. For example, it is possible to use, as the trans-
mission medium, a cable system such as IEEE 1394, a USB,
apower line, a cable TV line, a telephone line, an ADSL line,
etc. Alternatively, it is possible to use, as the transmission
medium, a wireless system such as infrared rays as in IrDA
and a remote controller, Bluetooth (registered trademark),
802.11 wireless, HDR, a cellular-phone network, a satellite
line, a terrestrial digital network, etc. It should be noted that
the present invention can be achieved in the form of a com-
puter data signal realized by electronic transmission of the
program code and embedded in a carrier wave.

<QOutline of Essential Points>

As described above, a liquid crystal display device accord-
ing to the present embodiment is a liquid crystal display
device including: a liquid crystal panel which exhibits differ-
ent gamma curves between a time when the liquid crystal
panel is looked squarely at and a time when the liquid crystal
panel is looked obliquely at; and a display control circuit
(display control means) which divides a single frame period
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into a first display period and a second display period and
divides a display region of the liquid crystal panel into a first
region and a second region, and which causes data corre-
sponding to different video sources to be displayed in the first
region and the second region, respectively, the display control
circuit having a luminance computing section (luminance
computing means) which computes A to D so that A to D
satisfies A+C=B+D and A=B=D as well as C#B=D, where A
and C are gray-level luminances, assuming (1) that A is the
maximum luminance of an output tone with respect to an
input tone of pixel data that is displayed in the first region
during the first display period and B is the maximum lumi-
nance of an output tone with respect to an input tone of pixel
data that is displayed in the second region during the first
display period, and (2) that C is the maximum luminance of
an output tone with respect to an input tone of pixel data that
is displayed in the first region during the second display
period and D is the maximum luminance of an output tone
with respect to an input tone of pixel data that is displayed in
the second region during the second display period.

Further, a display method according to the present embodi-
ment is a display method for dividing a single frame period
into a first display period and a second display period and
dividing, into a first region and a second region, a display
region of a liquid crystal panel which exhibits different
gamma curves between a time when the liquid crystal panel is
looked squarely at and a time when the liquid crystal panel is
looked obliquely at, and for causing data corresponding to
different video sources to be displayed in the first region and
the second region, respectively, the display method including
the step of: computing A to D so that A to D satisfies
A+C=B+D and A=#B=D as well as C=B=D, where A and C are
gray-level luminances, assuming (1) that A is the maximum
luminance of an output tone with respect to an input tone of
pixel data that is displayed in the first region during the first
display period and B is the maximum luminance of an output
tone with respect to an input tone of pixel data that is dis-
played in the second region during the first display period,
and (2) that C is the maximum luminance of an output tone
with respect to an input tone of pixel data that is displayed in
the first region during the second display period and D is the
maximum luminance of an output tone with respect to an
input tone of pixel data that is displayed in the second region
during the second display period.

Therefore, while the first and second regions exhibits iden-
tical gamma curves when the liquid crystal panel is looked
squarely at, the first and second regions exhibits different
gamma curves when the liquid crystal panel is looked
obliquely at.

For this reason, each of the foregoing configurations makes
it possible to protect privacy by preventing peeking from an
oblique angle and improve the display quality of an image
when the liquid crystal panel is looked squarely at.

A to D as computed by the luminance computing section
are preferably such that: A=C; and either one of Band Dis a
black level of luminance, and the other one of B and D is a
white level of luminance.

In other words, it is preferable that: in the step, A to D are
computed so that A=C, that either one of B and D is a black
level of luminance, and that the other one of B and D is a white
level of luminance.

According to each of the foregoing configurations, the
difference in luminance between pixel data that are displayed
in the first and second regions, respectively, during a single
frame period is the greatest when the liquid crystal panel is
looked obliquely from. This makes it possible to enlarge the
difference in shading between images in the first and second



US 9,202,406 B2

19

regions when the liquid crystal panel is looked obliquely at.
Therefore, each of the foregoing configurations makes it
harder to recognize the image that is displayed in the first
region.

The first and second regions both show images that are
recognized when the liquid crystal panel is looked squarely
at.

By thus causing the first and second regions to exhibit
identical gamma curves when the liquid crystal panel is
looked squarely at, the present invention shows a normal
display when the liquid crystal panel is looked squarely at.

However, since the first and second regions exhibit differ-
ent gamma curves when the liquid crystal panel is looked
obliquely at, a pattern (e.g., a checkered pattern) that is con-
stituted by the data that are displayed in the first and second
regions in a case where the liquid crystal panel is looked
obliquely at appears as an image that is recognized when the
liquid crystal display is looked obliquely at.

Therefore, the data that is displayed in the first region and
the data that is displayed in the second region are data that
constitute an image (i.e., the pattern) which is recognized
when the liquid crystal display is looked obliquely at.

In order to protect privacy when the liquid crystal panel is
looked obliquely at, the present invention does not utilize on
the data that is displayed in either one of the first and second
regions, but utilizes the difference in luminance between the
first and second region to constitute an image that is recog-
nized when the liquid crystal panel is looked obliquely at, so
that the privacy can be protected.

Further, A to D can be computed as follows:

The step includes a first step of determining, from the
luminances of image data in the video sources which are
displayed in the first and second display regions, A+C and
B+D to be displayed in a total of the first and second display
periods in the first and second regions, so that A+C=B+D; a
second step of determining A and B to be displayed in the first
and second regions during the first display period; and a third
step of calculating, from A+C and B+D as determined in the
first step and A and B as determined in the second step, C and
D to be displayed in the first and second regions during the
second display period.

Further, in the display method, (1) a non-interlace display
may be carried out in which a display of an image during a
single frame period is carried out with a single scanning
operation, or (2) the second display period is a second sub-
frame constituted by an even field containing gate lines at
even-numbered stages, and an interlace display is carried out
in which a display of an image during a single frame period is
carried out with two scanning operations on the odd-num-
bered stages and the even-numbered stages, respectively. No
matter which of the displays is carried out, the present inven-
tion can bring about the aforementioned effects.

The liquid crystal display device or, in other words, the step
of the display method may be achieved by computer. In this
case, a program for causing a computer to execute the step of
the display method or, in other words, a program that achieves
the liquid crystal display device on a computer by causing the
computer to operate as each of the means is also encompassed
in the scope of the present invention. Further, a computer-
readable recording medium containing such a program is also
encompassed in the scope of the present invention.

The present invention is not limited to the description of the
embodiments above, but may be altered by a skilled person
within the scope of the claims. An embodiment based on a
proper combination of technical means disclosed in different
embodiments is encompassed in the technical scope of the
present invention.
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INDUSTRIAL APPLICABILITY

A liquid crystal display device according to the present
invention is applicable to various devices that require privacy
protection. More specifically, a liquid crystal display device
according to the present invention is suitably applicable to
portable information terminals such as cellular phones and
PDAs, laptop computers, automated teller machines, elec-
tronic point of sale information management devices (EPoS),
etc.

The invention claimed is:

1. A liquid crystal display device comprising:

a liquid crystal panel which exhibits different gamma
curves between a time when the liquid crystal panel is
looked squarely at and a time when the liquid crystal
panel is looked obliquely at; and

a display control circuit which divides a single frame
period into a first display period and a second display
period and divides a display region of the liquid crystal
panel into a first region and a second region, and which
causes data corresponding to different video sources to
be displayed in the first region and the second region,
respectively,

the display control circuit having a luminance computing
section which computes A to D so that A to D satisfies
A+C=B+D and A=B=D as well as C=B=D,

where A and C are gray-level luminances,

assuming that A is the maximum luminance of an output
tone with respect to an input tone of pixel data that is
displayed in the first region during the first display
period, that B is the maximum luminance of an output
tone with respect to an input tone of pixel data that is
displayed in the second region during the first display
period, that C is the maximum luminance of an output
tone with respect to an input tone of pixel data that is
displayed in the first region during the second display
period, and that D is the maximum luminance of an
output tone with respect to an input tone of pixel data
that is displayed in the second region during the second
display period.

2. The liquid crystal display device as set forth in claim 1,
wherein: A=C; and either one of B and D is a black level of
luminance, and the other one of B and D is a white level of
luminance.

3. The liquid crystal display device as set forth in claim 1,
wherein the data that is displayed in the first region and the
data that is displayed in the second region are data that con-
stitute an image which is recognized when the liquid crystal
panel is looked obliquely at.

4. A display method for dividing a single frame period into
a first display period and a second display period and divid-
ing, into a first region and a second region, a display region of
a liquid crystal panel which exhibits different gamma curves
between a time when the liquid crystal panel is looked
squarely at and a time when the liquid crystal panel is looked
obliquely at, and for causing data corresponding to different
video sources to be displayed in the first region and the second
region, respectively,

the display method comprising the step of:

computing A to D so that A to D satisfies A+C=B+D and
A=B=D as well as C=B=D,

where A and C are gray-level luminances,

assuming that A is the maximum luminance of an output
tone with respect to an input tone of pixel data that is
displayed in the first region during the first display
period, that B is the maximum luminance of an output
tone with respect to an input tone of pixel data that is
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displayed in the second region during the first display
period, that C is the maximum luminance of an output
tone with respect to an input tone of pixel data that is
displayed in the first region during the second display
period, and that D is the maximum luminance of an
output tone with respect to an input tone of pixel data
that is displayed in the second region during the second
display period.

5. The display method as set forth in claim 4, wherein in the
step, A to D are computed so that A=C, that either one of Band
D is a black level of luminance, and that the other one of B and
D is a white level of luminance.

6. The display method as set forth in claim 4, wherein the
step includes:

a first step of determining, from the luminances of image
data in the video sources which are displayed in the first
and second display regions, A+C and B+D to be dis-
played in a total of the first and second display periods in
the first and second regions, so that A+C=B+D;

asecond step of determining A and B to be displayed in the
first and second regions during the first display period,;
and

a third step of calculating, from A+C and B+D as deter-
mined in the first step and A and B as determined in the
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second step, C and D to be displayed in the first and
second regions during the second display period.
7. The display method as set forth in claim 4, wherein the
data that is displayed in the first region and the data that is
displayed in the second region are data that constitute an
image which is recognized when the liquid crystal panel is
looked obliquely at.
8. The display method as set forth in claim 4, wherein a
non-interlace display is carried out in which a display of an
image during a single frame period is carried out with a single
scanning operation.
9. The display method as set forth in claim 4, wherein:
the first display period is a first sub-frame constituted by an
odd field containing gate lines at odd-numbered stages;

the second display period is a second sub-frame constituted
by an even field containing gate lines at even-numbered
stages; and

an interlace display is carried out in which a display of an

image during a single frame period is carried out with
two scanning operations on the odd-numbered stages
and the even-numbered stages, respectively.

10. A non-transitory computer-readable recording medium
containing a program for causing a computer to execute the
steps of a display method as set forth in claim 4.
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