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(54) LIQUID CRYSTAL DISPLAY

(57) A liquid crystal display has an LCD controller,
a microcomputer, and a storage section. The LCD con-
troller is capable of setting up an image display period
for performing display based on input image data and a
black display period for performing display based on
black display data, within one field period. The micro-
computer switches the mode of the LCD controller be-
tween an impulse-drive mode having the image display
period and the black display period within the one field
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period, and a hold drive mode having only the image
display period. The storage section stores sets of refer-
ence gradation voltage data that are previously speci-
fied. A reference gradation voltage, which is generated
at a reference gradation voltage generation section and
used for driving the liquid crystal display panel, is vari-
able accordingtothe mode. Thus, itis possible to realize
the liquid crystal display that can suppress changes in
gamma characteristics so as to prevent deterioration of
display quality even when the mode is switched.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display which displays images by using a liquid crystal
display panel. More particularly, the present invention
relates to a liquid crystal display capable of improving
deterioration of display quality of moving images, which
is caused by response characteristics of the liquid crys-
tal display panel.

BACKGROUND ART

[0002] In these years, there have been needs for re-
ductions in weight and thickness of personal computers
and TV sets. According to such needs, flat-panel dis-
plays such as liquid crystal displays (LCD) have been
developed, as substitutes for cathode-ray tubes (CRT).
[0003] AnLCDisadisplay thatapplies an electric field
to a liquid crystal layer having anisotropic permittivity
(anisotropic dielectric constant), the liquid crystal layer
being interposed between two substrates. By adjusting
the electricfield, the LCD controls a volume of light pass-
ingthrough the substrates so as to obtain desired image
signals. The LCD is well known among other flat-panel
displays convenient for carriage. Especially, a thin film
transistor (TFT) LCD utilizing a TFT as a switching ele-
ment is predominantly used.

[0004] With reference to Figs. 10 through 14, a con-
ventional liquid crystal display is described. Fig. 10 is a
block diagram illustrating a schematic structure of the
conventional liquid crystal display. Fig. 10 shows an
LCDcontroller 1, a liquid crystal display panel 2, a signal
line drive circuit 3, a scan line drive circuit 4, a reference
gradation voltage generation section 5, a backlight 6,
and a backlight driving inverter circuit 7.

[0005] Image data is inputin the LCD controller 1, as
gradation data D11 andsynchronous data D12. The gra-
dation data D11 is RGB signals, for example. The syn-
chronous data D12 includes a vertical synchronizing
signal, a horizontal synchronizing signal, a data enable
signal (DE), a clock and others. Based on the input gra-
dation data D11 and synchronous data D12, the LCD
controller 1 generates not only gradation data D13 and
asignal-side control signal D14 to be output to the signal
line drive circuit 3, but also a scan line control signal D
15 to be output to the scan line drive circuit 4. With this
arrangement, the LCD controller 1 controls image dis-
play on the liquid crystal display panel 2.

[0006] With reference to Fig. 11, a structure of the lig-
uid crystal display panel 2 (active matrix type LCD) is
described. The liquid crystal display panel 2 has a first
and a second glass substrates (not shown). Over the
first glass substrate, thin film transistors (TFT) 11 are
provided near respective intersections of n scan lines
G1 to Gn and m signal lines S1 to Sm. The TFT 11 is a
nonlinear element (switching element).
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[0007] Gate linesforthe TFTs 11 are connectedtothe
scan lines G1 to Gn. Source electrodes are connected
to the signal lines S1 to Sm, and drain electrodes are
connected to pixel electrodes. The second glass sub-
strate is disposed so as to face the first glass substrate,
and common electrodes are formed all over the surface
of the glass substrate, using transparent electrodes
made of ITO and the like. Each of the common elec-
trodes is connected to a common electrode drive circuit
12, which defines an electric potential. Liquid crystal 13
is interposed between the common electrodes and the
pixel electrodes formed on the first glass.

[0008] The scan lines G1 to Gn and the signal lines
S1 to Sm are connected to the scan line drive circuit 4
andthe signal line drive circuit 3, respectively. The scan
line drive circuit 4 applies a high voltage to n scan lines
G1 to Gn sequentially, so as to carry out scanning and
activate the TFT 11 connected to each of the scan lines
G1 to Gn. While the scan line drive circuit 4 scans the
scan lines G1 to Gn, the signal line drive circuit 3 outputs
gradation voltages corresponding to image data to any
of m signal lines S1 to Sm. With this, the gradation volt-
age is written into the pixel electrodes through the acti-
vated TFTs 11. Then, a difference in electric potentials
is generated between the common electrodes set at a
certain potential and the pixel electrodes where the gra-
dation voltage is applied. With the difference, the vol-
ume of light transmission is adjusted.

[0009] The backlight 6 disposed at the back side of
the liquid crystal display panel 2 is driven by the inverter
circuit 7, so as to emit light with a certain level of bright-
ness. Therefore, according to the aforesaid operating
principles of the liquid crystal display panel 2, the vol-
ume of transmitted light emitted from the backlight 6 is
controlled, so that a desirable image display is realized.
[0010] The reference gradation voltage generation
section 5 illustrated in Fig. 10 supplies the signal line
drive circuit 3 with a reference gradation voltage. A ref-
erence gradation voltage is applied to the liquid crystal
display panel 2, in accordance with a gradation level of
image data. Fig. 12 is an explanatory view expressing
one example of the relationship between the transmit-
tance of the liquid crystal and the applied voltage. In or-
derto carry out image display with the liquid crystal hav-
ing the characteristics expressed in Fig. 12, a reference
gradation voltage is defined so that the relationship be-
tween the gradation level of the image data and the
transmittance draws a curve of gamma 2.2 as plotted in
Fig. 13, for example. With reference to Fig. 12, one-
eighth of the maximum reference gradation voltage is
defined as a reference gradation, for example. The rest
of the gradation voltages are generated by dividing the
adjacent reference gradation voltages. More specifical-
ly, all display gradation voltages are defined using divid-
ed resistors.

[0011] Fig. 14is an explanatory view illustrating signal
waveforms output from the scan line drive circuit 4 and
the signal line drive circuit 3 to the scan lines and the
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signallines, respectively, in the conventional liquid crys-
tal display. In Fig. 14, the time is set on the abscissa
axis. VG1 to VGn are signals output sequentially to n
scan lines, by applying a high electric potential (data
electric potential) to a single scan line at atime. VD is a
signal waveform output to a single signal line, and Vcom
is a signal waveform applied to common electrodes. In
an example illustrated in Fig. 14, the VD is a signal that
changesinsignal intensity correspondingto each image
data, and the Vcom is a signal that maintains a certain
value and does not change with time.

[0012] The conventional liquid crystal display and its
driving method are described above. When movie dis-
play is carried out on the conventional liquid crystal dis-
play, display quality deteriorates, for example, after-im-
age emerges. The cause of this problem is a slow re-
sponse of liquid crystal material. When a gradation of
input image data changes, the liquid crystal material
cannot respond to the change within one field pericd.
Thus, it is assumed that a few field periods are required
to respond. To solve this problem, studies about liquid
crystal materials and others have been currently imple-
mented.

[0013] Notonlythe delay of the optical response time,
but also an LCD display system itself are pointed out as
causes of motion blur in movie display. This issue is
brought up at the convention of the institute of electron-
ics information and communication engineers in 1999
(SC-8-1, pp.207-208), for example. Figs. 15 and 16 il-
lustrate results of comparing the response time of dis-
play light between a CRT and an LCD, in terms of one
pixel. Fig. 15 plots the response time of the CRT, and
Fig. 16 plots the response time of the LCD. As shown
in Fig. 15, the CRT is a so-called impulse-type display,
which illuminates for only a few milliseconds after an
electronic beam hits fluorescent material on the surface
of a tube. As shown in Fig. 16, the LCD is a so-called
hold-type display, which holds display light during one
field period from the completion of writing data into a
pixel to the start of writing next data.

[0014] When movie display is carried out in the hold-
type display, LCD, a currently displayed image and a
previously displayed image are viewed as an over-
lapped image. The overlap is caused by time integration
of visual perception and tracking characteristics of the
sight line in the direction of movement. Thus, the motion
bluroccurs. For preventingthe motion blur, several tech-
niques have been proposed as follows. Image data and
black data are repeatedly written in the liquid crystal dis-
play panel within one field pericd. Accordingly, a period
for carrying out black display (black display period) is
set up between onefield image display and the next field
image display. Thus, a hold time for the display light,
that is, an image display period is cut down. In this man-
ner, the display status with the hold-type drive is caused
to resemble the display with the impulse-type drive such
as the CRT.

[0015] Fig. 17 illustrates one example of a so-called
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black-writing-type liquid crystal display. After writing in-
put image data in one field into a liquid crystal display
panel sequentially, black display data is written into all
over the screen at the same time, so that the black dis-
play over the entire screen is carried out for a certain
period of time. With reference to another example illus-
trated in Fig. 18, black display data is written into the
scan lines sequentially, so that the black display is car-
ried out in part of the screen for a certain period of time.
Accordingly, the image display period is shortened com-
pared to the one in the conventional hold-type display
(disclosed in Japanese Laid-Open Patent Publication
No. 127917/1997 and 109921/1999, Tokukaihei
9-127917 and 11-109921). Such a liquid crystal display
that has display elements and a shutter is disclosed in
Tokukaihei 9-325715, for example. In the liquid crystal
display disclosed in this publication, the display ele-
ments transform electric image signals to image-display
light while continuing the transforming operation for a
certain display hold period. Also, the shutter limits the
display hold period to a certain time within one field pe-
riod, in synchronism with the vertical synchronization of
image signals.

[0016] Furthermore, the following is proposed in
Tokukai 2002-123223 and 2002-318569. Only when
moving images are displayed on the liquid crystal dis-
play panel, the black display is carried out in at least a
part of the screen for a certain period of time, so that the
impulse-type display is carried out. As a result, the mo-
tion blur emerged in movie display can be restrained. In
static display, the hold-type display is carried out without
setting the black display period. Thus, deterioration of
display quality due to flicker and others is prevented.
[0017] However, the relationship between the display
gradation and the display brightness, that is, so-called
gamma characteristics differ between the impulse dis-
play mode shown in Figs. 17 and 18 and the normal hold
display mode shown in Fig. 19. The impulse-type dis-
play is carried out by producing the black display in at
least part of the screen for a certain period of time. In
Fig. 20, for example, the full line plots gamma charac-
teristic in the hold display mode. The dotted line plots
gamma characteristics when the motion blur is prevent-
ed in the impulse display mode shown in Fig. 18. That
is, the black display period is inserted into one field pe-
riod, so that the image display period is shortened. With
this, it is recognized that display brightness in a low gra-
dation tends to decrease. Therefore, image-display
characteristics vary between movie display with the
method shown in Figs. 17 and 18 and static display with
the method shown in Fig. 19. Thus, display quality sig-
nificantly deteriorates.

[0018] In Fig. 21, the full line plots changes in display
brightness with time in the hold display mode. The dot-
ted line in Fig. 21 plots changes in display brightness
with time when the motion blur is prevented in the im-
pulse display mode illustrated in Fig. 18. As Fig. 21
clearly shows, the ratio in attained brightness between
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the methods in low gradation display is different from
the ratio in attained brightness between the methods in
high gradation display. Therefore, it is considered that
the different characteristics in display gradation and dis-
play brightness (gamma characteristics) between the
display methods come from the differences between the
response characteristics of the liquid crystal in the low-
gradation display and the response characteristics of
the liquid crystal in the high-gradation display.

[0019] When image display is carried out with the im-
pulse-type display illustrated in Fig. 18, due to the tem-
perature dependency of the liquid crystal as shown in
Fig. 22, display brightness in a low gradation tends to
decrease as the temperature of the liquid crystal display
panel becomes low. That is, gamma characteristics
change depending on temperatures of the liquid crystal
display panel, so that display quality varies (deterio-
rates).

DISCLOSURE OF INVENTION

[0020] An object of the present invention is to provide
a liquid crystal display, which can prevent deterioration
of display quality by suppressing variations in gamma
characteristics, even when a mode for driving a liquid
crystal display panel is switched between an impulse
drive mode and a hold drive mode.

[0021] To attain the foregoing object, the liquid crystal
display of the present invention displaying, using a liquid
crystal display panel, an image responsive to input im-
age data, includes driving means for driving the liquid
crystal display panel in either an impulse drive mode or
a hold drive mode, (i) in the impulse drive mode an im-
age display period for performing display according to
the inputimage data, and a monochrome display period
for performing display according to previously-specified
certain monochrome display data being generated with-
in an input image data rewriting period (e.g. within one
field period) for writing in each pixel of the liquid crystal
display panel, while (ii) in the hold drive mode display
according to the input image data being always per-
formed within the rewriting period without setting the
monochrome display period; switching means for
switching between the modes for driving the liquid crys-
tal display panel by the driving means; and means for
varying a gradation voltage to be applied to the liquid
crystal display panel corresponding to the input image
data in accordance with a mode for driving the liquid
crystal display panel.

[0022] In addition to the arrangement, it is preferable
in the primary invention that the means for varying the
gradation voltage varies a reference gradation voltage
for driving the liquid crystal display panel.

[0023] Further, in addition to the arrangement, it is
preferable that the liquid crystal display panel further in-
cludes a storage section storing sets of reference gra-
dation voltage data previously specified.

[0024] In addition to the arrangement, it is preferable
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that the liquid crystal display panel further includes
means for detecting a temperature in the liquid crystal
display; and means for varying a gradation voltage to
be applied to the liquid crystal display panel in accord-
ance with the input image data and the detected tem-
perature in the display.

[0025] Further, in addition to the arrangement, it is
preferable that the switching means switches between
the modes for driving the liquid crystal display panel, in
accordance with a user's instruction, or in accordance
with a result of detecting an amount of movement of the
input image data or a result of detecting a status of con-
nection with a device for inputting the input image data.
[0026] In the liquid crystal display of the present in-
vention, in accordance with a selected drive mode (im-
pulse drive mode or hold drive mode), a gradation volt-
age to be applied to the liquid crystal display panel var-
ies corresponding to input image data. Therefore, it is
possible to prevent variations in gamma characteristics,
which is caused by differences in response speed of the
liquid crystal between display gradations, when certain
monochrome display is carried out. Thus, it is possible
to prevent deterioration of display quality, which occurs
when the impulse display mode and the hold display
mode are switched.

[0027] According to a mode for driving the liquid crys-
tal display panel, the driving means varies a reference
gradation voltage itself for driving the liquid crystal dis-
play panel. Thus, display capability of the liquid crystal
display panel can be maintained and high-quality dis-
play can be realized. Further, gamma characteristics
due to the temperature dependency of the liquid crystal
can be also suppressed, so that high-quality display can
be always achieved.

[0028] Forafuller understanding of the nature and ad-
vantages of the invention, reference should be made to
the ensuing detailed description taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0029]

Fig. 1 is a block diagram illustrating a schematic
structure of the liquid crystal display according to
the first embodiment of the present invention.

Fig. 2 is an explanatory diagram illustrating one ex-
ample of drive signal waveforms in the liquid crystal
display panel performing the impulse-type display,
according to the first embodiment of the present in-
vention.

Fig. 3 is a schematic explanatory view showing spe-
cific examples of the reference gradation voltage
data storage section in the liquid crystal display, ac-
cording to the first embodiment of the present in-
vention.

Fig. 4 is a schematic explanatory view expressing
response characteristics of the liquid crystal in the
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liquid crystal display, according to the first embodi-
ment of the present invention.

Fig. 5 is a block diagram illustrating a schematic
structure of the reference gradation voltage gener-
ation section in the liquid crystal display, according
to the first embodiment of the present invention.
Fig. 6 is a circuit diagram schematically illustrating
substantial parts of the signal line drive circuit in the
liquid crystal display, according to the first embodi-
ment of the present invention.

Fig. 7 is a schematic explanatory view expressing
gamma characteristics of the liquid crystal display
performing the hold-type display and the impulse-
type display, according to the first embodiment of
the present invention.

Fig. 8 is a block diagram illustrating a schematic
structure of the liquid crystal display, according to
the second embodiment of the present invention.
Fig. 9 is a schematic explanatory view showing spe-
cific examples of the reference gradation voltage
data storage section in the liquid crystal display, ac-
cording to the second embodiment of the present
invention.

Fig. 10 is a block diagram illustrating a schematic
structure of the conventional liquid crystal display.
Fig. 11 is an explanatory diagram (equivalent circuit
diagram) illustrating a schematic structure of the lig-
uid crystal display panel.

Fig. 12 is an explanatory view expressing one ex-
ample of the relationships between the transmit-
tance and the applied voltage of the liquid crystal.
Fig. 13 is a schematic explanatory view expressing
gamma characteristics in the liquid crystal display.
Fig. 14 is an explanatory view illustrating one exam-
ple of drive signal waveforms in the liquid crystal
display panel performing the hold-type display.
Fig. 15 is a schematic explanatory view expressing
time response of the display light in the CRT.

Fig. 16 is a schematic explanatory view expressing
time response of the display light in the LCD.

Fig. 17 is a schematic explanatory view illustrating
the principle of display operation in the black-writ-
ing-type impulse display mode.

Fig. 18 is a schematic explanatory view illustrating
the principle of display operation in the impulse dis-
play mode with another method of the black-writing
type.

Fig. 19 is a schematic explanatory view illustrating
the principle of display operation in the hold display
mode.

Fig. 20 is a schematic explanatory view expressing
gamma characteristics in the hold display mode and
the impulse display mode in the conventional liquid
crystal display.

Fig. 21 is a schematic explanatory view expressing
changes in display brightness with time in hold dis-
play mode and the impulse display mode in the con-
ventional liquid crystal display.
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Fig. 22 is a schematic explanatory view expressing
gamma characteristics in the impulse display mode
under each temperature condition in the conven-
tional liquid crystal display.

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] The following more specifically describes the
present invention through examples and comparative
examples. However, the present invention is not limited
by the examples and comparative examples.

[0031] With reference to Figs. 1 through 7, a first em-
bodiment of the present invention is described below.
The same numbers are used for the same parts with the
conventional examples, and their explanations are omit-
ted. Fig. 1 is a block diagram illustrating a schematic
structure of the liquid crystal display of the present em-
bodiment. Fig. 2 is an explanatory diagram illustrating
one example of drive signal waveforms in the impulse-
type display in the liquid crystal display of the present
embodiment. Fig. 3 is a schematic explanatory view
showing specific examples of the reference gradation
voltage data storage section in the liquid crystal display
of the present embodiment.

[0032] Fig. 4 is a schematic explanatory view ex-
pressing response characteristics of the liquid crystal in
the liquid crystal display of the present embodiment. Fig.
5 is a block diagram illustrating a schematic structure of
the reference gradation voltage generation section in
the liquid crystal display of the present embodiment. Fig.
6 is a circuit diagram illustrating a schematic structure
of primary parts of the signal line drive circuit in the liquid
crystal display of the present embodiment. Fig. 7 is a
schematic explanatory view expressing gamma charac-
teristics in the hold display mode and the impulse dis-
play mode in the liquid crystal display according to the
present embodiment.

[0033] The liquid crystal display of the present em-
bodiment has a microcomputer 22, a reference grada-
tion voltage data storage section 23, and a backlight
control circuit 24 as illustrated in Fig. 1. The microcom-
puter 22 is supplied with a switching signal J1. The
switching signal J1 is used for switching between the
hold-type display displaying input image data through-
out one field period (e.g. for 16.7 msec when the vertical
display cycle is 60 Hz) and the impulse-type display gen-
erating, in one field period, a monochrome display peri-
od in which display based on certain monochrome dis-
play data is carried out. The reference gradation voltage
data storage section 23 is, for example, a ROM which
stores a plurality of values of reference gradation volt-
ages generated at the reference gradation voltage gen-
eration section 5 for each of the display methods (in the
impulse-type display or the hold-type display). The
backlight control circuit 24 controls lighting of the back-
light 6 in synchronism with the writing of monochrome
display data.

[0034] The microcomputer 22 executes programs
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stored on storage such as memory (not shown), thereby
giving instructions to the LCD controller 21 (drive
means) to perform the display methods, and petforming
control operations so that values of reference gradation
voltages corresponding to the display methods can be
read out from the reference gradation voltage data stor-
age section (means for varying gradation voltages) 23.
Therefore, it is possible to allow a microcomputer (com-
puter), which is capable of controlling the LCD controller
(drive means) 21 and the reference gradation voltage
data storage section 23, to act as the microcomputer 22,
by causing the microcomputer to execute the aforesaid
methods. The programs executed by the computer are,
for instance, distributed in the form of storage mediums
storing the programs, or distributed through various
wired or wireless channels.

[0035] The switchingsignal J1 is generated in accord-
ance with user's preference which is manually input us-
ing a remote controller (not shown) and others. The dis-
play methods may be also automatically switched be-
tween the movie display and the static display. Based
on the switching signal J1, the microcomputer 22 in-
structs the LCD controller 21 to insert black display data/
perform display, thereby changing whether to carry out
the impulse-type display or the hold-type display on the
liquid crystal panel 2.

[0036] The switching signal J1 can be generated
through a circuit receiving an instruction by a user's
manual input (e.g. light-receptive spot on the remote
controller (not shown)), or a circuit detecting an auto-
matic switching trigger (e.g. a circuit detecting the
amount of movement of input image data or a circuit de-
tecting a status of connection with another device). Also,
based on the switching signal J1 from such a circuit, the
microcomputer 22 may control the LCD controller 21
and the reference gradation voltage data storage sec-
tion 23. Alternatively, the microcomputer 22 may control
these members 21 and 23, referring to user's instruc-
tions or an automatic switching trigger.

[0037] The circuit that receives the user's instructions
or the microcomputer 22 may receive, as the user's in-
structions, instructions defining whether or not to carry
out the impulse-type display, or determine whether or
not the impulse-display is carried out, in response to
specified instructions defining in advance the relevance
of whether or not to carry out the impulse-display. The
specified instructions include an instruction for selecting
an input image source or for setting an image display
mode. Further, the microcomputer 22 or the circuit that
detects an automatic switching trigger may define
whether or not to carry out the impulse-type display,
based on the amount of movement detected in the input
image data, or based on the presence or absence of the
state of connection with a computer (not shown) that
mainly generates static images. Note that, the circuit re-
ceiving instructions or the circuit detecting triggers gen-
erates the switching signal J1 so as to define whether
or not to carry out the impulse-type display. Also, the
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microcomputer 22 controls the members 21 and 23 so
as to define whether or not to carry out the impulse-type
display.

[0038] Regardless of the methods for defining wheth-
er or not to carry out the impulse-type display, as illus-
trated in Fig. 2, when performing the impulse-type dis-
play, scanning signals supplied from the scan line drive
circuit 4 to the scan lines G1 to Gn on the liquid crystal
display panel 2 have animage data select period T1 and
a black display select period T2 within one field period.
During the image data select period T1, gradation volt-
ages corresponding to image data are written into the
pixel electrodes. During the black display select period
T2, a voltage for carrying out the black display is written
into the pixel electrode. Gradation voltages correspond-
ing to image data and a voltage forcarrying out the black
display are alternately output to the signal lines S1 to
Sm.

[0039] The black display select period T2 is set as
about a half of the conventional scan line select period
T3 described with reference to Fig. 14. The black display
is carried out in a scan line locating above or below with
a distance for several lines from a scan line, selected in
the image data select period T1. A voltage correspond-
ing to the black display is applied to the signal lines S1
to Sm during the black display select period T2, so that
the black display can be carried out in each of the scan
lines. A line to which black data is written and a line to
which image data is written are selected by suitable con-
trol of the scan line drive circuit 4 by the LCD controller
21. As a result, the lines can be scanned sequentially,
while the distance for several lines between the image-
data written line and the black-data written line is main-
tained.

[0040] The black display data is inserted between
sets of image data for respective fields, inside the LCD
controller 21. As to one line, a half of the period for se-
lecting a single line is used for supplying image data to
the signal line driver circuit 3, and the rest of the period
is used for supplying the black display data to the signal
line drive circuit 3. Accordingly, the impulse-type display
can be realized with 50 percent of the impulse-ratio (ra-
tio of the image display period in one image display cy-
cle). Note that, Fig. 2 illustrates one example of using
the liquid crystal display panel in a normally white mode.
However, the present invention is not limited to this, and
it is obvious that the liquid crystal display panel in a nor-
mally black mode can be also used.

[0041] On the other hand, for the hold-type display
having no prevention for the motion blur in static display,
the conventional example illustrated in Fig. 14 is applied
in similar fashion. The LCD controller 21 controls the
scan line drive circuit 4 not only to supply the signal line
drive circuit 3 with input image data, but also to perform
line-scanning in each field circle. Thus, the normal hold-
type display can be realized with 100 percent of the im-
pulse ratio.

[0042] Next, the reference gradation voltage genera-
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tion section 5 supplies the signal line drive circuit 3 with
reference gradation voltages, based on the reference
gradation voltage data stored in the reference gradation
voltage data storage section 23. As shown in Fig. 3, the
reference gradation voltage data storage section 23
stores sets of reference gradation voltage data corre-
sponding to the hold display mode and the impulse dis-
play mode, respectively, onto separate regions of a
ROM. One of these sets of reference gradation voltage
data is selected and output to the reference gradation
voltage generation section 5, according to an instruction
from the microcomputer 22. The sets of reference gra-
dation voltage data to be stored on the reference gra-
dation voltage data storage section 23 are set as fol-
lows.

[0043] First, reference gradation voltage data corre-
sponding to the hold display mode is set so that the re-
lationship between the display gradation and the display
brightness (liquid crystal transmittance) forms gamma
2.2, in accordance with a so-called V-T curve as plotted
in Fig. 12 As an example, when the number of display
signallevels, thatis, the number of displayed data is 256
gradations for eight bits, voltage data VO, V32..., V255
corresponding to 0, 32, 64, 96, 128, 160, 192, 224, 255
gradations have been set or stored. For other gradations
but the stored reference gradations, the reference gra-
dation voltages are linearly divided by resistors, so as
to obtain voltages for all gradations to be applied to the
liquid crystal display panel 2.

[0044] On the other hand, for the impulse-type dis-
play, reference gradation voltage data is not determined
directly based on the V-T curve plotted in Fig. 12. The
reference gradation voltage data is determined by work-
ing out the relationship between the intensity integral |
and the voltage T applied to the liquid crystal within one
field period, while display brightness (transmittance)
changes with time during the impulse display mode as
plotted in Fig. 4. The intensity integral | changes accord-
ing to the response speed of the liquid crystal. The re-
sponse speed of the liquid crystal changes according to
a display gradation. Therefore, in the case of the im-
pulse-type display, the relationship between the applied
voltage and the liquid crystal transmittance (intensity)
shownin Fig. 12cannotbe held. Thatis, itis not possible
to realize desirable gradation display with the gradation
voltage for the hold-type display, which is determined in
accordance with the V-T curve in Fig. 12.

[0045] As countermeasures, for the impulse-type dis-
play, a new relationship between the intensity integral |
and the applied voltage within one field period is meas-
ured. Then, the reference gradation voltage data, which
is different from the one in the hold-type display, is set
so that the relationship between the display gradation
and the display brightness (liquid crystal transmittance)
can form, for example, the relationship of gamma 2.2.
As an example, when the number of display signal lev-
els, that is, the number of displayed data is 256 grada-
tions for eight bits, voltage data V0, V32..., V255 corre-
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sponding to O, 32, 64, 96, 128, 160, 192, 224, 255 gra-
dations are set or stored. For other gradations but the
stored reference gradations, the reference gradation
voltages are linearly divided by resistors, so that voltag-
es for all gradations to be applied to the liquid crystal
display panel 2 are obtained.

[0046] Asillustrated in Fig. 5, the reference gradation
voltage generation section 5 causes a DA converter 5a
to convert digital data V0, V32, ..., V255 obtained from
the reference gradation voltage data storage section 23
into analog data. Then, the reference gradation voltage
generation section 5 causes an amplifier 5b to amplify
and adjust the reference gradation voltages VAO,
VA32,..., VA255 as appropriate, thereby supplying them
to the signal line drive circuit 3 including a source driver
andothers. As illustrated in Fig. 6, in the signal line drive
circuit 3, input terminals of the reference gradation volt-
ages VAQ, VA32.... VA255 are connected each other by
divided resistors. Voltages for all gradations corre-
sponding to image data are generated, so that display
in accordance with image data for eight bits is per-
formed.

[0047] Theabove description is about a case that gra-
dation voltages corresponding to nine reference grada-
tions for each 32-step gradation, 0, 32, 64, 96, 128, 160,
192, 224, 255 are generated and other gradation volt-
ages are produced with divided resistances. However,
regardless of the example, it is obvious that the above
description can be applied for a case that gradation volt-
ages corresponding to reference gradations for each
16-step gradation are generated, for example.

[0048] As described above, based on the switching
signal J1 supplied to the microcomputer 22, one of the
sets of reference gradation voltage data for the hold-
type display and the impulse-type display, both of which
are stored in the reference gradation voltage data stor-
age section 23, is read out into the reference gradation
voltage generation section 5. Then, based on the refer-
ence gradation voltage data thus read out, a gradation
voltage to be applied to the liquid crystal display panel
2 is determined, corresponding to each gradation level
of the input image data.

[0049] As shown in Fig. 7, regardless of the hold dis-
play mode or the impulse display mode, it is possible to
prevent changes in gamma characteristics caused by
differences in response speed of the liquid crystal in
each display gradation due to the insertion of the black
display. Thus, a desirable display condition can be main-
tained, so that deterioration of display quality due to
changes in gamma characteristics can be prevented.
[0050] For simplicity of the explanation, in the above
embodiment, the hold display mode in which a ratio of
image display period in one field period (impulse ratio)
is 100 percent and the impulse display mode in which
the ratio is 50 percent are selected in an alternate man-
ner. However, the presentinvention is not limited to this.
Obviously, it is possible to control switching between a
plurality of different impulse ratios by setting a suitable



13 EP 1 600 928 A1 14

black display period. Thus, the arrangement allows a
reference gradation voltage for driving the liquid crystal
display panel to be varied, in accordance with each im-
pulse ratio.

[0051] Inthe present embodiment, in accordance with
the impulse ratio, a reference gradation voltage for driv-
ing the liquid crystal display panel is varied. As a result,
the gamma characteristics are always maintained at
certain levels. However, the present invention is not lim-
ited to this. As an example, a gradation conversion sec-
tion is provided in a stage prior to the LCD controller 21.
Then, a gradation level of image data is converted, so
that a gradation voltage to be applied to the liquid crystal
display panel 2 is varied according to the input image
data. In this case the image data supplied to the LCD
controller 21 is actually compressed in bits, so that the
display performance deteriorates due to the gradation
conversion.

[0052] On the contrary, as presented in the present
embodiment, a reference gradation voltage to be sup-
plied to the signal line drive circuit 3 is adjusted, so that
changes in gamma characteristics can be restrained
with the display performance for eight bits maintained.
Thus, even when subtle gradation changes are dis-
played, high-quality display is realized without stripe dis-
continuity in the display.

[0053] With reference to Figs. 8 and 9, described next
is a second embodiment of the present invention. The
same numbers are used for the same parts as the first
embodiment of the present invention, and their expla-
nations are omitted. Fig. 8 is a block diagram illustrating
a schematic structure of the liquid crystal display ac-
cording to the present embodiment. Fig. 9 is a summary
table showing specific example of the reference grada-
tion voltage data storage section in the liquid crystal dis-
play of the present embodiment.

[0054] As illustrated in Fig 8, the liquid crystal display
of the present embodiment has a temperature sensor
35, a reference gradation voltage data storage section
33, and a microcomputer 32. The temperature sensor
35 detects a temperature inside the display. The refer-
ence gradation voltage data storage section 33 is a
ROM, for example, which stores plurality of values of
the reference gradation voltages generated by the ref-
erence gradation voltage generation section 5, corre-
sponding to the respective temperatures in the display
and display methods (the impulse display mode and the
hold display mode). The microcomputer 32 controls the
LCD controller 21 to switch between the display meth-
ods (the impulse display mode and the hold display
mode), based on the switching signal J1. The microcom-
puter 32 also selects and reads out any one of the sets
of reference gradation voltage data stored in the refer-
ence gradation voltage data storage section 33, based
on the switching signal J1 and in-device temperature da-
ta J2 detected by the temperature sensor 35.

[0055] As shown in Fig. 9, the reference gradation
voltage data storage section 33 stores the sets of refer-
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ence gradation voltage data corresponding to the hold
display mode and the impulse display mode under re-
spective temperature conditions, onto separate regions
of a ROM. One of these sets of reference gradation volt-
age data is selected and output to the reference grada-
tion voltage generation section 5, according to instruc-
tions from the microcomputer 32.

[0056] In consideration with the temperature depend-
ency of the liquid crystal, reference gradation voltage
data stored in the reference gradation voltage data stor-
age section 33 is set so that gamma characteristics in
the hold display mode is matched with those in the im-
pulse display mode, in the following ranges of temper-
ature; below 10 degrees, 10 to 20 degrees, 20 to 30 de-
grees, 30 to 40 degrees, 40 to 50 degrees, and above
50 degrees in Celsius, in a similar manner shown in the
first embodiment. That is, when the number of display
signal levels, that is, the number of display data is
256-gradation for eight bits, 12 sets of gradation voltage
data corresponding to nine reference gradations for
each a 32-step gradation, 0, 32, 64, 96, 128, 160, 192,
224, and 255, have been set and stored.

[0057] The temperature sensor 35 is preferably pro-
vided so as to detect a temperature of the liquid crystal
display panel 2 itself as much as possible. A single or
even a plurality of the temperature sensors 35 may be
provided on inner surfaces of different panels. Also, the
ranges of temperature for switching a reference grada-
tion voltage are not limited to the above examples, and
it is obvious that the ranges can be set as appropriate.
[0058] As described above, based on the switching
signal J1 supplied to the microcomputer 22 and the de-
tection signal J2 produced by the temperature sensor
35, any one of plural reference gradation voltage data
is read out into the reference gradation voltage genera-
tion section 5. The plural reference gradation voltage
data are stored on the reference gradation voltage stor-
age section 33. Note that the plural reference gradation
voltage data are used for carrying out the hold-type dis-
play or impulse-type display under each temperature
condition. Then, based on the reference gradation volt-
age data thus read out, a gradation voltage to be applied
to the liquid crystal display panel 2 is determined, cor-
responding to each gradation level of the input image
data.

[0059] In this manner, under any temperature condi-
tions and regardless of the type of display mode, it is
possible to prevent changes in gamma characteristics
caused by differences in response speed of the liquid
crystal in each display gradation due to the insertion of
the black display. Thus, a desirable display condition
can be maintained, so that deterioration of display qual-
ity due to the changes in gamma characteristics can be
prevented.

[0060] For simplicity of the explanation, in the above
embodiment, the hold display mode in which a ratio of
image display period in one field period (impulse ratio)
is 100 percent and the impulse display mode in which
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the ratio is 50 percent can be selected alternatively.
However, the present invention is not limited to this. Ob-
viously, it is possible to control switching between a plu-
rality of different impulse ratios by setting a suitable
black display period. Thus, the arrangement allows a
reference gradation voltage for driving the liquid crystal
display panel to be varied, in accordance with each im-
pulse ratio.

[0061] Inthe present embodiment,in accordance with
a temperature in the display and whether the impulse-
type display or the hold-type display to be performed, a
reference gradation voltage for driving the liquid crystal
display panel is varied. As a result, the gamma charac-
teristics are always maintained at certain levels. How-
ever, the present invention is not limited to this. As an
example, a gradation conversion section is provided in
astage priorto the LCD controller 21. Then, a gradation
level of image data is converted, so that a gradation volt-
age to be applied to the liquid crystal display panel 2 can
be varied according to the input image data.

[0062] Inthefirstandsecond embodiments, as shown
in Fig. 18, descriptions are given aboutthe impulse-type
display carrying outthe black display for a certain period
of time in part of the screen. It is also possible to apply
the above embodiments for the impulse-type display
carrying out the black (or another single color) display
over the entire screen for a certain period of time, as
shown in Fig. 17. It is obvious that the timing for supply-
ing the black display data to each of the scan lines of
the liquid crystal display panel is not limited to the above.
[0063] As described above, the liquid crystal display
of the present invention displays an image correspond-
ing to input image data using the liquid crystal display
panel, and has the following three means. The first
means is to set, within one field period, an image display
period for displaying input image data and a mono-
chrome display period for displaying certain mono-
chrome data. The second means is to switch the ratio
of the image display period within one field period. The
third means is to vary, in accordance with the ratic of the
image display period within one field period, a gradation
voltage to be applied to the liquid crystal display panel
corresponding to the input image data.

[0064] In addition to the arrangement, the means for
varying a gradation voltage may vary a reference gra-
dation voltage for driving the liquid crystal display panel.
[0065] Furthermore, in addition to the arrangement,
the liquid crystal display may have a storage section for
storing aplurality of the reference gradation voltage data
that is previously specified.

[0066] In addition to the arrangement, the liquid crys-
tal display may have still other means for detecting a
temperature in display, and means for varying a grada-
tion voltage to be applied to the liquid crystal panel cor-
responding to input image data, in accordance with the
detected in-device temperature.

[0067] Inthe liquid crystal display panel of the present
embodiment, according to the ratio of the image display
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period within one field period, a gradation voltage to be
applied to the liquid crystal display panel varies corre-
sponding to input image data. Therefore, it is possible
to prevent variation in gamma characteristics caused by
differences in response speed of the liquid crystal be-
tween display gradations, when monochrome display is
carried out. Thus, it is possible to prevent deterioration
of display quality occurring when the impulse display
mode and the hold display mode are switched, for ex-
ample.

[0068] The reference gradation voltage for driving the
liquid crystal display panel can be varied according to
the ratio of the image display period within one field pe-
riod. Therefore, display performance of the liquid crystal
display panel can be maintained, so that high-quality
display can be realized. Further, by preventing differenc-
es in gamma characteristics due to the temperature de-
pendency of the liquid crystal, high-quality display can
be always achieved.

[0069] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the
art are intended to be included within the scope of the
following claims.

INDUSTRIAL APPLICABILITY

[0070] In the liquid crystal display of the present in-
vention, in accordance with a selected drive mode (im-
pulse drive mode or hold drive mode), a gradation volt-
age to be applied to the liquid crystal display panel var-
ies corresponding to input image data. Therefore, it is
possible to prevent variation in gamma characteristics,
which is caused by differences in response speed of the
liquid crystal between display gradations, when mono-
chrome display is carried out in the impulse drive mode.
Thus, high-quality display can be realized, so that the
liquid crystal display can be suitably used for various
types of devices including liquid crystal TV sets.

Claims

1. A liquid crystal display displaying, using a liquid
crystal display panel, an image responsive to input
image data, comprising:

driving means for driving the liquid crystal dis-
play panel in either an impulse drive mode or a
hold drive mode, (i) in the impulse drive mode
an image display period for performing display
according to the input image data, and a mon-
ochrome display period for performing display
according to previously-specified monochrome
display data being generated within an inputim-
age data rewriting period for writing in each pix-
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el of the liquid crystal display panel, while (ii) in
the hold drive mode display according to the in-
put image data being always performed within
the rewriting period without setting the mono-
chrome display period;

switching means for switching between the
modes for driving the liquid crystal display pan-
el by the driving means; and

means for varying a gradation voltage to be ap-
plied to the liquid crystal display panel corre-
spondingto the input image data in accordance
with a mode for driving the liquid crystal display
panel.

The liquid crystal display of claim 1, wherein

the means for varying the gradation voltage varies
a reference gradation voltage for driving the liquid
crystal display panel.

The liquid crystal display of claim 2, further compris-
ing:

a storage section storing sets of reference gra-
dation voltage data previously specified.

The liquid crystal display of any one of claims 1
through 3, further comprising:

means for detecting a temperature in the liquid
crystal display; and

means for varying a gradation voltage to be ap-
plied to the liquid crystal display panel, in ac-
cordance with the input image data and the de-
tected temperature in the display.

The liquid crystal display of any one of clams 1
through 3, wherein

the switching means switches between the
modes for driving the liquid crystal display panel in
accordance with a user's instruction.

The liquid crystal display of any one of claims 1
through 3, wherein

the switching means switches between the
modes for driving the liquid crystal display panel, in
accordance with a result of detecting an amount of
movement of the input image data or a result of de-
tecting a status of connection with a device for in-
putting the input image data.
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