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(57) ABSTRACT

A liquid crystal display device includes: a liquid crystal dis-
play unit including a plurality of display units each switching
between bright display and dark display; a backlight having a
light source of a plurality of colors for making light emitted
from the light source be incident upon the liquid crystal
display unit; and a drive unit for performing field sequential
driving through synchronization of the liquid crystal display
unit and backlight, wherein the drive unit controls a state of
bright/dark display of the liquid crystal display unit to realize
adisplay pattern corresponding to each subframe obtained by
dividing a frame into a plurality of subframes, and controls an
emission state of the backlight to turn on the backlight of
emission color corresponding to a display pattern of an arbi-
trary first subframe from some timing in the first subframe to
some timing in a second subframe immediately after the first
subframe.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2007-232630 filed on Sep. 7,
2007, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] A) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly to a liquid crystal display
device under field sequential (FS) driving.

[0004] B) Description of the Related Art

[0005] A liquid crystal display device capable of segment
display or segment display together with dot matrix display is
used in a display unit or the like of a vehicle mounted infor-
mation display device or a car audio apparatus. One of liquid
crystal display devices capable of color segment display has
the structure that white backlight is radiated to a liquid crystal
display unit formed with color filters.

[0006] Disadvantages of a liquid crystal display device
with color filters are a necessity of a process of forming color
filters on a glass substrate of a liquid crystal display unit, a
limit of each segment color to colors of the color filters, and
the like.

[0007] Another liquid crystal display device capable of
color segment display is a device under so-called field
sequential (FS) driving A liquid crystal display device of this
type does not have color filters of a liquid crystal display unit,
but realizes desired color display by time sequentially switch-
ing emission color, using a multicolor backlight constituted
of a multicolor light emitting diode (LED) capable of emis-
sion of, e.g., red, green and blue (RGB).

[0008] With reference to FIG. 14, description will be made
on a specific example of a conventional FS driving method.
FIG. 14 is a timing chart illustrating timings of each segment
input signal and backlight emission. It is assumed that a liquid
crystal display unit is a normally black type that light is
transmitted in an on-state and not transmitted in an off-state.
[0009] One frame representative of a time unit of display-
ing one image is constituted of three subframes SB1 to SB3
during which the backlight emits R, G and B colors. For
example, one frame time is 16.7 ms in conformity with the
NTSC specifications, and a time of each subframe is 5.57 ms.
[0010] A drive waveform applied to a liquid crystal display
unit is, e.g., a rectangular wave, and its drive frequency is set
to have one or more periods in one subframe, and its ampli-
tude (drive voltage) during an on/off state is adjusted to allow
the liquid crystal display unit to display a bright/dark state
corresponding to an input signal.

[0011] Generally, a liquid crystal display unit has a slower
response to an applied voltage than that of a backlight, and it
is necessary to provide a blank time not turning on the back-
light until the liquid crystal display unit responds to some
degree.

[0012] FIG. 15 shows an example of measurements of an
electrooptical fall response when one segment of a normally
black type liquid crystal display unit changes from bright
display to dark display. An upper portion of the ordinate
represents a transmissivity, a lower portion of the ordinate
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represents a potential of a drive waveform between upper and
lower electrodes of the segment, and the abscissa represents a
lapse time.

[0013] Itcanbeseen that even ifadrive voltage lowers from
a voltage V not smaller than a threshold value to 0 V, a
transmissivity does not lower sufficiently at once. If the back-
light of designated color is tuned on in a subframe in the state
that the transmissivity does not lower sufficiently, color purity
lowers because color emission in this segment to be extin-
guished leaks. It is therefore necessary to provide a blank time
not turning on the backlight, until the transmissivity lowers
sufficiently.

[0014] It is therefore necessary to set a period until the
transmissivity lowers sufficiently to a blank time not turning
on the backlight. For example, if a fall response time of the
liquid crystal cell changing from bright display to dark dis-
play is about 3 ms, a blank time is required to be about 2.5 ms,
preferably about 3 ms.

[0015] Reverting to FIG. 14, description will be made fur-
ther. A blank time B is provided immediately after switching
each subframe. A backlight emission time L is set to a period
after the blank time B to each subframe end time, to turn on
the backlight of color corresponding to each subframe.
[0016] If a subframe operation is performed at speed not
recognized by human eyes (e.g., about 16.7 ms/frame, about
5.57 ms/subframe, and about 3 ms/blank time), color display
suppressing flicker can be realized as intended. In the
example shown in FIG. 14, a segment 1 is recognized as
yellow which is mixture color of R and G, a segment 2 is
recognized as magenta which is mixture color of R and B, and
a segment n is recognized as green G, by human eyes.
[0017] With the above-described FS driving method (here-
inafter called a normal FS driving method in order to distin-
guish it from a color break-less FS driving method), however,
there may arise a phenomenon called color break in which an
image of each subframe not recognized by human eyes in a
normal state is separated and observed by human eyes. This
phenomenon occurs particularly when an environment of an
observer is dark, in a state that visual axes of an observer
depart from the display unit, in a state that vibrations are
applied to the display unit (e.g., in an environment in a
vehicle) and in other states. It can be said that this phenom-
enon provides a display state not so much preferable in terms
of human psychological factors.

[0018] Thecolorbreak phenomenon occurs clearly particu-
larly in a white display area. Therefore, the color break phe-
nomenon is considered to be recognized remarkably if an
emission operation is performed in a plurality of subframes
for one segment by the normal FS driving method. i.e., ina
mixture color display state of white, vellow or magenta.
[0019] As a method of reducing the color break phenom-
enon, methods have been proposed such as a method of insert-
ing a white display subframe in one frame. These methods
cannot, however, eliminate the color break phenomenon.
[0020] One of the present inventors and their colleagues
have proposed an FS driving method capable of eliminating
the color break phenomenon (this method is hereinafter
called the color break-less FS driving method in order to
distinguish it from the above-described normal FS driving
method) in Japanese Patent Publication No. 3894323, the
entire contents of which are incorporated herein by reference.
[0021] A fundamental concept of this driving method is to
eliminate the color break phenomenon by using not only
primary colors (R, G and B) but also mixture colors (such as



US 2009/0066621 A1l

white and orange) as backlight emission colors in one sub-
frame, and performing emission of backlight only in one
subframe for each segment.

[0022] With reference to FIG. 16, a specific example of the
color break-less FS driving method will be described. FIG. 16
is a timing chart illustrating timings of each segment input
signal and a backlight emission state. It is assumed that the
liquid crystal display unit is a normally black type.

[0023] In this example, a backlight emission color is white
for a subframe 1, orange for a subframe 2, and blue for a
subframe 3. With this driving method, the number of colors
allowable in each frame is M+1 colors including black added
to M emission colors corresponding to the number of sub-
frames.

[0024] Since backlight emission color can be changed for
each fame, it is obvious that the number of display colors can
be increased considerably more than the above-described
normal FS driving method, if the operation of the liquid
crystal display unit is binary bright/dark display.

[0025] Inthisexample, one frame of 16.7 ms is divided into
three subframes of the same time duration. A time duration of
each subframe may be changed in accordance with emission
color of the backlight. Namely, even if subframes have dif-
ferent time durations, an operation is possible.

[0026] In this example, a segment 1 displays white, a seg-
ment 2 displays black, and a segment n displays orange.
Similar to the normal FS driving method, a blank time B of
about 3 ms for awaiting an electrooptical response of the
liquid crystal display unit is provided immediately after sub-
frame switching. A backlight emission time L is set to a
period after the blank time B to the subframe end time to turn
on the backlight of color corresponding to the subframe.
[0027] With these operations, it becomes possible to realize
color display without flicker and color break as intended
when viewed externally.

[0028] Both the normal FS driving method and color break-
less method provide a blank time in order to avoid unneces-
sary color mixture between subframes. For example, as in the
above-described example, the frame 0f 16.7 ms is divided into
three subframes having the same time duration of 5.57 ms and
the blank time is set to about 3 ms. In this case, a backlight
emission time in each subframe is about 2.57 ms, and the
emission time is shorter than a half of the subframe time.
[0029] For example, as compared with a liquid crystal dis-
play device using color filters and being able to always turn on
abacklight, a liquid crystal display device under FS driving is
more difficult to increase its display luminance. Techniques
of increasing a display luminance have been long desired for
FS driving.

[0030] Ifwhitedisplay is performedunder the conditions of
the above-described example, for example, by a normal FS
driving method, a backlight emission time can be prolonged
to about 7.71 ms in one frame, as a total sum of three sub-
frames for RGB emission. However, ifthe color break-less F'S
driving method is used, a backlight is turned on only in one
subframe even for color mixture display. It has been long
desired to provide techniques of increasing a display lumi-
nance, particularly for the color break-less FS driving
method.

SUMMARY OF THE INVENTION

[0031] An object of the present invention is to provide a
liquid crystal display device under FS driving with an
improved display luminance.
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[0032] According to one aspect of the present invention,
there is provided aliquid crystal display device comprising: a
liquid crystal display unit including a plurality of display
units each switching between bright display and dark display;
a backlight having a light source of a plurality of colors for
making light emitted from the light source be incident upon
the liquid crystal display unit; and a drive unit for performing
field sequential driving through synchronization of the liquid
crystal display unit and backlight, wherein the drive unit
controls a state of bright/dark display of the liquid crystal
display unit to realize a display pattern corresponding to each
subframe obtained by dividing a frame into a plurality of
subframes, and controls an emission state of the backlight to
turn on the backlight of emission color corresponding to a
display pattern of an arbitrary first subframe from some tim-
ing in the first subframe to some timing in a second subframe
immediately after the first subframe.

[0033] For example, the backlight of emission color corre-
sponding to the display pattern of the first subframe is turned
on in the first subframe, and continues to be turned on in the
second subframe immediately thereafter, by prolonging to the
second subframe.

[0034] Further, for example, even if the backlight of emis-
sion color corresponding to the display pattern of the first
subframe is not turned on in the first subframe, it is turned on
in the second subframe immediately after the first subframe.
For example, if a response speed of liquid crystal is slow
because of a low temperature, it may occur a case in which
liquid crystal does not respond sufficiently (a fall from bright
display to dark display is insufficient) until the end time of the
subframe and the backlight of emission color corresponding
to the display pattern of the first subframe cannot be turned
on. Insucha case, the backlight of emission color correspond-
ing to the display pattern of the first subframe is turned on in
the second subframe immediately thereafter to ensure a back-
light emission time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a schematic block diagram of a liquid
crystal display device according to a first embodiment of the
present invention.

[0036] FIG. 2A is a schematic perspective view of an
NWTN mode liquid crystal display unit, FIG. 2B is a sche-
matic cross sectional view showing an example of the struc-
ture of a glass substrate, and FIG. 2C is a schematic cross
sectional view showing another example of the structure of a
glass substrate.

[0037] FIG. 3 is a schematic perspective view of a two-
layer TN mode liquid crystal display unit.

[0038] FIG. 4is a schematic perspective view ofa VA mode
liquid crystal display unit.

[0039] FIGS. 5A and 5B are graphs showing electrooptical
transient response waveforms at switching from dark display
to bright display and at switching from bright display to dark
display, respectively.

[0040] FIG. 6 is a graph showing rise/fall electrooptical
transient response characteristics of a two-layer TN liquid
crystal display unit in correspondence with timings of one
subframe

[0041] FIG. 7 is a timing chart showing timings of input
signals to segment display units and emission timing of a
backlight by a driving method of a second embodiment.



US 2009/0066621 A1l

[0042] FIG. 8 is a timing chart showing timings of input
signals to segment display units and emission timing of a
backlight by a driving method of a third embodiment.
[0043] FIG.9 is a timing chart showing timings of driving
waveforms applied to common (scan line) electrodes and
emission timing of a backlight by a driving method of a fourth
embodiment.

[0044] FIGS. 10A and 10B are graphs showing rise
response time temperature dependency and fall response time
temperature dependency of an NWTN unit, a two-layer TN
unit and a VA unit, respectively.

[0045] FIG. 11 is a graph showing rise response lag time
temperature dependency of an NWTN unit, a two-layer TN
unit and a VA unit.

[0046] FIGS.12A and 12B are tables showing a list of drive
parameters according to fifth and sixth embodiments.

[0047] FIG. 13 is a schematic diagram of a liquid crystal
display unit according to a seventh embodiment.

[0048] FIG. 14 is a timing chart showing timings of input
signals to segment display units and backlight emission by a
conventional normal FS driving method.

[0049] FIG. 15 is a graph showing an electrooptical fall
response during switching from bright display to dark display
of one segment of a normally black type liquid crystal display
unit.

[0050] FIG. 16 is a timing chart showing timings of input
signals to segment display units and backlight emission by a
conventional color break-less FS driving method.

[0051] FIG. 17 is a timing chart showing timings of drive
waveforms applied to common (scan line) electrodes and
backlight emission by a conventional FS driving method of
multiplex driving.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0052] First, with reference to FIG. 1 description will be
made on a liquid crystal display device according to the first
embodiment of the present invention. FIG. 1 is schematic
diagram showing a liquid crystal display of the embodiment.
The liquid crystal display device is constituted of a liquid
crystal display unit 1, a multicolor backlight 2 and a drive unit
3. The backlight 2 is disposed on the back of the liquid crystal
display unit 1, and includes a multicolor light emitting diode
(LED) capable of, for example, red, green and blue (RGB)
emission. The drive unit 3 synchronously drives the liquid
crystal display unit 1 and multicolor backlight 2 at desired
timings to obtain color display of multiplex field sequential
(FS) driving.

[0053] The present inventors manufactured liquid crystal
display units 1 operating in the following three operation
modes, and evaluated their electrical characteristics.

[0054] With reference to FIGS. 2A to 2C, description will
be made on a normally white (NW) twisted nematic (TN)
mode liquid crystal display unit. FIG. 2A is a schematic
perspective view of an NWTN mode liquid crystal display
unit. A liquid crystal cell 11 is constituted of upper and lower
glass substrates 12 and 13 and a liquid crystal layer 14 formed
between.

[0055] As shown in FIG. 2B, a transparent electrode 31
having a pattern corresponding to a display pattern is dis-
posed on the inner surface of each of the glass substrates 12
and 13 of the liquid crystal cell, and a horizontal alignment
film 32 is formed on the transparent electrode. Upper and
lower horizontal alignment films 32 are subjected to arubbing
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process to align liquid crystal molecules at left twist of 90°
between upper and lower substrates.

[0056] The liquid crystal layer 14 is formed by making a
space between the upper and lower horizontal alignment films
32 be filled with liquid crystal material of Ae>0 added with
left twist chiral material. A thickness of the liquid crystal
layer 14, i.e., a cell thickness is set to about 2 pm and a ratio
d/p of the liquid crystal cell thickness d and a liquid crystal
material twist pitch p is set to about 0.35. A retardation And,
a product of the liquid crystal material birefringence An and
the cell thickness d, is set to about 446 nm. The rubbing
direction is adjusted in such a manner that a molecule align-
ment direction at the center of the liquid crystal layer in a
thickness direction is a 6 o’clock direction in the device
in-plane as the liquid crystal display unit is viewed along a
normal direction.

[0057] The liquid crystal cell 11 is disposed between an
upper polarizer 21 and a lower polarizer 22 cross-Nicol dis-
posed. An absorption axis of each of the polarizers 21 and 22
is set perpendicular to a rubbing direction of the adjacent
substrate of the liquid crystal cell 11. The polarizers 21 and 22
are made of, for example, SKN18243T manufactured by
Polatechno Co., Ltd.

[0058] In order to improve visual angle characteristics and
the like of a liquid crystal display unit, a black mask film is
disposed in some cases in all area other than the display
pattern area of one or both glass substrates, the black mask
film being electrically insulated from the display pattern elec-
trodes by non-conductive material. The black mask film is
made of a metal thin film of, e.g., chromium, molybdenum or
the like. A resin film such as acrylic dispersed with pigment
and carbon may be used as the black mask film.

[0059] As shown in FIG. 2C, an insulating film 41 and a
black mask film 42 are formed, for example between the glass
substrate 12 (13) and transparent electrode 31 of the liquid
crystal cell. If necessary these films may be formed between
the transparent electrode 31 and alignment film 32. It is pref-
erableto use this light shielding structure for the liquid crystal
display device particularly under color break-less FS driving.

[0060] Next, withreference to FIG. 3, a two-layer TN mode
liquid crystal display unit will be described. FIG. 3 is a sche-
matic perspective view of a two-layer TN mode liquid crystal
display unit. An upper polarizer 61 and a lower polarizer 62
are cross-Nicol disposed. The polarizers 61 and 62 may be
made of SKN18243T manufactured by Polatechno Co., Ltd.
Two liquid crystal cells 51 and 52 are disposed between the
polarizers 61 and 62 in this order from the upper side.

[0061] The lower liquid crystal cell 52 is equivalent to the
NWTN mode liquid crystal cell described with reference to
FIG. 2A, and is operated as a “drive cell”. The drive cell 52 is
used for switching bright/dark of the display unit by applying
externally a drive voltage to this cell.

[0062] The upper liquid crystal cell 51 is used as a “com-
pensation cell”. The rubbing direction is set so that liquid
crystal molecules of the compensation cell 51 are aligned at
right twist of 90° between upper and lower substrates. Chiral
material inducing right twist is added to the liquid crystal
layer of the compensation cell 51, and an alignment direction
of molecules at the center of the liquid crystal layer in a
thickness direction is set to a 3 o’clock direction. Display
pattern electrodes are not formed on the surface of the glass
substrate of the compensation cell 51. Other conditions are
similar to those of the drive cell 52.



US 2009/0066621 A1l

[0063] A retardation generated in the drive cell 52 is can-
celled out by the compensation cell 51 so that a retardation
becomes approximately 0 through front observation and dark
display approximately equal to that by the cross-Nicol dis-
posed polarizers can be obtained. By using a two-layer liquid
crystal cell, normally black (NB) operation can be realized.

[0064] Ttis obvious that an optical film having similar opti-
cal characteristics to those of the compensation cell, e.g. a
Twistar film manufactured by Polatechno Co., Ltd, can be
used in place of the compensation cell. It has already been
confirmed that similar operations are possible by applying the
optical film to an actual liquid crystal display unit.

[0065] Next, with reference to FIG. 4, a vertical alignment
(VA) mode liquid crystal display unit will be described. FIG.
4 is a schematic perspective view of a VA mode liquid crystal
display unit. A transparent electrode having a desired pattern
is disposed on the inner surface of each of upper and lower
glass substrates 72 and 73 of a liquid crystal cell 71 of the VA
mode liquid crystal display unit, and a vertical alignment film
is formed on the transparent electrode. Upper and lower ver-
tical alignment films are subjected to a rubbing process to
align liquid crystal molecules antiparallel between upper and
lower substrates.

[0066] A liquid crystal layer 74 is formed by making a
space between the upper and lower vertical alignment films
be filled with liquid crystal material of Ae<0. A thickness of
the liquid crystal layer 74 is set to about 2 pum, a retardation
And is set to about 300 nm, and an alignment direction of
molecules at the center of the liquid crystal layer in a thick-
ness direction is set to a 12 o’clock direction.

[0067] The liquid crystal cell 71 is disposed between an
upper polarizer 81 and a lower polarizer 82 cross-Nicol dis-
posed. An absorption axis of the upper polarizer 81 is setat a
position rotated counter clockwise by 45° from a 12 o’clock
direction.

[0068] Visual angle compensation plates 91 and 92 are
disposed between the liquid crystal cell 71 and upper and
lower polarizers 81 and 82. An optical film having a negative
biaxial optical anisotropy may be used as the visual angle
compensation plates 91 and 92. In the liquid crystal display
unit manufactured as a sample, a polarizer bonded with a
visual angle compensation plate was used which was formed
by bonding an optical film having negative biaxial optical
anisotropy to aniodine-containing polarizer manufactured by
Sumitomo Chemical Co., Ltd.

[0069] In-plane lag axes of the visual angle compensation
plates 91 and 92 are set approximately parallel to the trans-
mission axes of adjacent polarizers 81 and 82, respectively.
Each of the visual angle compensation plates 91 and 92 has an
in-plane phase difference of about 45 nm and a phase differ-
ence in a thickness direction (in a thickness cross section) of
about 120 nm.

[0070] The visual angle compensation plate having nega-
tive biaxial optical anisotropy may be disposed on one of the
upper and lower surfaces of the liquid crystal cell. On the
other surface a visual angle compensation plate having nega-
tive uniaxial optical anisotropy may be disposed. A phase
difference (a total sum of differences if two optical films are
used) in a thickness direction, as a parameter of the optical
film, is preferably set to about a 0.5-fold to 1-fold of And of
the liquid crystal cell. An in-plane phase difference of the
optical film having negative biaxial optical anisotropy is pref-
erably set to about 30 nm to about 65 nm.
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[0071] The two-layer TN unit and VA unit are normally
black type units. By using the normally black type unit, it
becomes easy to manufacture a color break-less FD driving
liquid crystal display device having a high contrast, with the
structure not using a black mask. The VA unit is most suitable
when considering visual angle characteristics. It has been
confirmed that if a VA unit is used for operating an FS driving
liquid crystal display device, overwhelmingly good display
quality can be realized.

[0072] Next, description will be made on measurement
results of electrooptical response characteristics at a room
temperature, of liquid crystal display devices of three types:
an NWTN mode, a two-layer TN mode and a VA mode
manufactured in the manner described above. LCD5200
manufactured by Otuka Electronics Co., Ltd was used for
measurements.

[0073] Drive conditions will be described. A drive wave-
form was rectangular, and a drive frequency was 500 Hz. An
off-voltage of a drive voltage was set to 0V, and an on-voltage
was set to 6 V for the NWTN unit, 5V for the two-layer TN
unit, and 6.5 V for the VA unit. The on-voltage was set aiming
at the conditions that a transmissivity of the NWTN umt
became about 1% at the on-voltage and a transmissivity of the
two-layer TN unit and VA unit became about 25% at the
on-voltage.

[0074] FIGS.5A and 5B show measurement results of tran-
sient response waveforms of electrooptical responses at
switching from dark display to bright display and at switching
from bright display to dark display, respectively. The abscissa
represents a lapse time, and the ordinate represents a trans-
missivity. Curves Al to A3 shown in FIG. 5A indicate mea-
surement results of the NWTN unit, two-layer TN unit and
VA unit, respectively, and curves A4 to A6 shown in FIG. 5B
indicate measurement results of the NWTN unit, two-layer
TN unit and VA unit, respectively.

[0075] In changing dark display to bright display, the on-
voltage is switched to the off-voltage for the NWTN unit,
whereas the off-voltage is switched to the on-voltage for the
two-layer TN unit and VA unit, i.e., normally black units.
Electrically reversed switching is performed to change bright
display to dark display.

[0076] In each type of the units, a response at switching
from dark display to bright display is called a rise response,
and a response at switching from bright display to dark dis-
play is called a fall response.

[0077] As shown in FIG. 5A, rise electrical switching was
performed at a time 100 ms. In each type of the units, a
response lag exists immediately after switching, and a trans-
missivity will not change during this response lag period.
[0078] A rise in the transmissivity appears earliest at the
NWTN unit. In contrast, the normally black units have a long
time until the transmissivity rises. In order to evaluate the
response lag, a response lag time of each unit was measured.
The response lag time was defined as a time from when
electrical switching is performed to when the transmissivity
rises to 2%. Theresponse lag time was 0.32 ms for the NWTN
unit, 1.62 ms for the two-layer TN unit, and 1.26 ms for the
VA unit.

[0079] As shown in FIG. 5B, fall electrical switching was
performed at a time 200 ms. The transmissivity rose after a
response lag in the rise response, whereas the transmissivity
lowered generally without a response lag in the fall response.
[0080] The NWTN unit shows the steepest fall of the trans-
missivity, and has a higher response speed than that of the
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normally black type units. However, every liquid crystal dis-
play unit takes a long time of about several ms to complete a
fall response. It is presumed that a relatively high speed
response of the NWTN unit results from its electrical rise
response and from influence of its relatively high on-voltage
as compared to that of the two-layer TN unit.

[0081] Since the NWTN unit has a relatively short fall
response time, the NWTN unit can have a backlight emission
time in conventional FS driving longer than that of the nor-
mally black type unit.

[0082] As described earlier, the normally black type unit is
suitable for, for example, color break-less FS driving with
improved display quality. However, as compared to the
NWTN unit, a fall response time is long and it is difficult to
have a long backlight emission time in conventional FS driv-
ing.

[0083] It has been long desired to provide an FS driving
method capable of having a long backlight emission time
even if a normally black type liquid crystal display unit is
used. If the driving method of this type exists, there are
advantages such as an improved luminance of a display unit
and low cost due to reduction in the number of components of
a light source of a backlight.

[0084] Next, the driving method of this type will be
described with reference to FIG. 6. FIG. 6 is a graph showing
rise/fall electrooptical transient response characteristics of a
two-layer TN liquid crystal display unit in correspondence
with one subframe timings. The ordinate represents a trans-
missivity, and the abscissa represents a lapse time as mea-
sured from a subframe start time of “0”.

[0085] Rise/fall electrical switching is performed at the
subframe start time of “0”. As described above, although a fall
response starts immediately after switching, a rise response
(transmissivity rise) starts after a response lag. Since it takes
along timeuntil a fall response is completed, a transmissivity
of a fall response segment during the rise response lag time is
not lowered sufficiently.

[0086] Therefore, if emission of the backlight correspond-
ing to a subframe (preceding subframe) immediately before a
subframe (current subframe) is prolonged to the rise response
lag time, a luminance of a segment switched from bright
display to dark display can be improved. On the other hand,
since a transmissivity of the segment switched from dark
display to bright display does not rise sufficiently as vyet,
optical leak can be suppressed and unnecessary color mixture
can be suppressed.

[0087] As shown in FIG. 6, for example, a period from the
start time of the current subframe to the rise response lag time
can be set as a preceding subframe backlight emission time D
during which the backlight corresponding to the preceding
subframe is turned on.

[0088] After the preceding subframe backlight emission
time D, a blank time B for extinguishing the backlight con-
tinues until the transmissivity of the fall response segment
lowers sufficiently. After the blank time B, a current subframe
backlight emission time L continues to turn on a backlight for
the current subframe.

[0089] The normally black type liquid crystal display unit
has a longer rise response lag time than that of the NWTN
unit. Further, since the transmissivity of the normally black
type lowers more gently in the fall response than the NWTN
unit, a transmissivity during the rise response lag period is
high. From this viewpoint, the FS driving method incorporat-
ing the preceding subframe backlight emission time is
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expected to be effective for improving a display luminance of
particularly a normally black type liquid crystal display unit.

[0090] Next, with reference to FIG. 7, a FS driving method
of the second embodiment will be described. In the second
embodiment, the preceding subframe backlight emission
time is incorporated in the normal FS driving. FIG. 7 is a
timing chart showing timings of input signals to segment
display units and backlight emission. A normally black type is
assumed for the liquid crystal display unit. If anormally white
type such as an NWTN unit is used as the liquid crystal
display unit, on/off control of segments is reversed.

[0091] Three subframes SB1 to SB3 are set in one frame.
Bright/dark display states of each segment are controlled to
realize a display pattern corresponding to each subframe. R,
G and B are set to emission colors corresponding to the
display patterns of the subframes SB1 to SB3.

[0092] A backlight of emission color corresponding to the
display pattern of each subframe is turned on during a current
subframe backlight emission time L. The backlight of emis-
sion color corresponding to each subframe is continued to be
turned on by prolonging by a preceding subframe backlight
emission time D set to an initial period of a subframe imme-
diately after the current subframe. An emission state during a
total period of the current subframe backlight emission time L,
and preceding subframe backlight emission time D are
repeated with a blank time B being interposed.

[0093] As described in the chapter “DESCRIPTION OF
THE RELATED ART” of this specification with reference to
FIG. 14, in the conventional normal FS driving method, a
backlight turned on in one subframe is turned off at the end
time of the subframe.

[0094] In contrast, in the driving method of the second
embodiment, a backlight of emission color corresponding to
adisplay pattern of one subframe continues to be turned on by
prolonging to the subframe immediately after the current
subframe, so that a display luminance can be improved.

[0095] Forexample, it is assumed that one frame time dura-
tionis 16.7 ms and each subframe time duration is 5.57 ms. If
an NWTN unit is used as a liquid crystal display unit, for
example, 0.32 ms is set to a preceding subframe backlight
emission time, and 2.5 ms is set to a response standby time
(emission standby time D+B) which is a standby time from a
subframe start time to a backlight emission time of emission
color corresponding to the current subframe. The current
subframe backlight emission time [ is 3.07 ms obtained by
subtracting the response standby time from the subframe
time.

[0096] An emission time of each of RGB is a total sum of
the current subframe backlight emission time L, and preced-
ing subframe backlight emission time D, i.e., 3.39 ms. An
emission time of each color in the conventional FS driving
method is only the current subframe backlight emission time
L of 3.07 ms. The embodiment driving method can realize
therefore an emission time prolongation by about 10%.

[0097] If a two-layer TN unit is used as a liquid crystal
display unit, for example, 1.62 ms is set to the preceding
subframe backlight emission time D, and 3.5 ms is set to the
response standby time. In this case, the current subframe
backlight emission time L is 2.07 ms. An emission time per
one color introducing the preceding subframe emission time
is therefore prolonged to 3.69 ms which is an emission time
prolongation of about 78% as compared to a conventional
method emission time of 2.07 ms.



US 2009/0066621 A1l

[0098] Ifa VA unitis used as a liquid crystal display unit,
for example, 1.26 ms is set to the preceding subframe back-
light emission time D, and 3.5 ms is set to the response
standby time. In this case, the current subframe backlight
emission time L is 2.07 ms. An emission time per one color
introducing the preceding subframe emission time is there-
fore prolonged to 3.33 ms which is an emission time prolon-
gation of about 61% as compared to a conventional method
emission time of 2.07 ms.

[0099] As described above, an emission time can be pro-
longed particularly in the normally black type liquid crystal
display units (two-layer TN unit and VA unit).

[0100] Visual states were observed by manufacturing nor-
mal FS driving liquid crystal display devices of three types
adopting the above-described drive timings. It was visually
confirmed that a display luminance of the liquid crystal dis-
play devices of all types was improved under the condition of
the same backlight emission luminance, more than the
devices driven by the conventional driving method. Although
almost any difference of color purity from the conventional
driving method was found, it was confirmed that a clearer
display state was obtained because of an improved display
luminance.

[0101] Next, with reference to FIG. 8, an FS driving method
of the third embodiment will be described. In the third
embodiment, the preceding subframe backlight emission
time is incorporated in the color break-less FS driving
method. FIG. 8 is a timing chart showing timings of input
signals to segment display units and backlight emission.
Similar to the second embodiment, a normally black type is
assumed for the liquid crystal display unit.

[0102] Since thecolor break-less FS driving is performed in
the third embodiment, only one subframe per frame is sub-
jected to bright display in each segment. Further, since there
is an emission state that a light source is turned on with a
plurality of colors at the same time, emission color of mixture
color such as cyan is obtained in a single subframe.

[0103] Thepreceding subframe backlight emission time D,
blank time B and current subframe backlight emission time L
are set in a maimer similar to the second embodiment. Since
the preceding subframe backlight emission time is incorpo-
rated, a display luminance is improved more than the conven-
tional method, also in the third embodiment using color
break-less FS driving, similar to the second embodiment
using normal FS driving.

[0104] As described above, a backlight emission time can
be prolonged as compared to the conventional method by
incorporating the preceding subframe backlight emission
time in the FS driving method. Therefore, the display lumi-
nance can be improved, for example, without increasing a
luminance of a backlight.

[0105] Incorporation of the preceding subframe backlight
emission time is considered useful for luminance improving
techniques particularly for a color break-less FS driving
method by which a backlight is turned on only in one sub-
frame even for mixture color display. This method may be
applied to a case wherein a display luminance similar to the
conventional method is ensured although a luminance of a
backlight is lowered.

[0106] A display luminance can be improved while sup-
pressing a reduction in color purity to be caused by unneces-
sary color mixture, by turning on a backlight of emission
color corresponding to the display pattern of a preceding
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subframe during a period from a subframe start time to a fall
response lag time of a liquid crystal display unit.

[0107] Thereis a tendency that a rise response lag time of a
normally black type liquid crystal display unit is longer than
that of a normally white type liquid crystal display unit, and
that a transmissivity of the normally black type liquid crystal
display unit lowers gentler than that of the normally white
type liquid crystal display unit. From this reason, it can be
considered that the FS driving method incorporating the pre-
ceding subframe backlight emission time is effective particu-
larly for use with a normally black type liquid crystal display
unit.

[0108] Witha general FS driving method, bright display of
adisplay unit in a subframe either remains to be bright display
in a subframe immediately after the first-mentioned subframe
or changes to dark display. With the normal FS driving
method, there is a display state in mixture color display that
bright display continues to be bright display in consecutive
two subframes in one frame. On the other hand, with the color
break-less FS driving method, since the display has bright
display only in one subframe per frame, there is no display
state that bright display continues to be bright display in one
frame.

[0109] As the preceding subframe backlight emission time
is incorporated, not only the luminance improvement effects
are obtained for the display unit changing from bright display
to dark display, but also the higher luminance improvement
effects are obtained for the display unit changing from bright
display to bright display, because the emission time prolongs
maintaining the bright display.

[0110] Next, withreferenceto F1G. 9, an FS driving method
of the fourth embodiment will be described. In the fourth
embodiment, the preceding subframe backlight emission
time is incorporated in the normal FS driving method of
multiplex driving. For comparison, a conventional FS driving
method of multiplex driving will be described with reference
to FIG. 17.

[0111] FIGS.9 and 17 are timing charts showing timings of
input signals to common (scan line) electrodes and backlight
emission according to the fourth embodiment and conven-
tional method. One frameis setto 16,7 ms, and is divided into
three subframes SB1 to SB3 each having the same time dura-
tion of 5.57 ms. Description will be made by using multiplex
driving at a ¥4 duty and a 13 bias by way of example. Common
drive waveforms for selecting scan lines at applied voltages of
+V were used, and a drive frequency was set to about 180 Hz.
[0112] First, the conventional method as a comparison
example will be described. With the FS driving method of
multiplex driving, since there are a plurality of scan lines, it is
necessary to hold a backlight emission operation until
completion of N-1 scans where N is the number of scan lines.
This hold time is called a scan hold time W. The scan hold
time W is defined as (1/f)x(N-1)/2N where f is a drive fre-
quency.

[0113] Inthe example shown in FIG. 17, the scan hold time
W is 2.09 ms. Thereafter, a blank time B for awaiting a
response of the liquid crystal display unit is set starting from
a time when a select voltage is applied to the last scan line.
The blank time B is, e.g., 3.0 ms.

[0114] After the blank time B, a backlight emission time I,
continues to turn on a backlight of emission light correspond-
ing to a current subframe. A backlight emission time [ of one
color can be obtained by subtracting the scan hold time W and
blank time B from a subframe time, and is 0.48 ms. As the
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number of scan lines becomes large, the scan hold time W
becomes long so that a display luminance of the liquid crystal
display device becomes lower.

[0115] On the other hand, as shown in FIG. 9, the driving
method of the fourth embodiment incorporates a preceding
subframe backlight emission time D in each subframe, as
compared to the driving method of the comparative example.
In this example shown in FIG. 9, the preceding subframe
backlight emission time D is set to 1.2 ms. Therefore, the
backlight emission time per coloris prolonged by 1.2 ms from
0.48 ms of the comparative example, to reach 1.68 ms which
is about a threefold of the comparative example and provides
a greatly improved luminance. The scan hold time is used
effectively for improving the display luminance.

[0116] TheFS driving method incorporating the preceding
subframe backlight emission time is effective also for a case
in which it becomes difficult to ensure a backlight emission
time in a current subframe because the scan hold time
becomes long due to multiplex driving.

[0117] Visual states were compared by manufacturing a
liquid crystal display device using a two-layer TN unit as a
liquid crystal unit and driving the device by drive sequences
shown in FIGS. 9 and 17.

[0118] Although multiplex driving at the Y4 duty has been
described by way of example, it is already known that a
proper duty ratio is about %2 duty to ' duty. A multiplex
driving frequency is preferably 150 Hz to 1 kHz, and more
preferably 300 Hz to 1 kHz.

[0119] Inthe above embodiments, although the number of
subframes is setto “3”, the number of subframes is not limited
to “3”. It is sufficient if the number of subframes is 2 or more
particularly for the color break-less FS driving method. Also
in the above embodiments, although each subframe time is set
equal, the subframes are not limited to the same time duration.
For example, a subframe time may be changed to obtain a
desired display luminance balance of emission colors. It is
also possible to change the preceding subframe backlight
emission time D, blank time B and current subframe back-
light emission time L for each subframe.

[0120] Next, description will be made on the conditions
required to be satisfied by parameters of the FS driving
method incorporating the preceding subframe backlight
emission time. A frame time is represented by F, a subframe
number is represented by M, a subframe time is represented
by Sm (m=1 to M), a preceding subframe backlight time is
represented by Dm (m=1to M), a blank time is represented by
Bm (m=1 to M), a current subframe backlight emission time
is represented by Lm (m=1 to M), and a scan hold time is
represented by W.

[0121] Thefirst condition will be described. The frame time
F is given by:

F=ZSm

m=1

[0122] If each subframe has an equal time duration, the
frame time is given by:

F=5xM

where S is a subframe time.
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[0123] Next, the second condition will be described. If the
scan hold time W is not longer than the preceding subframe
backlight emission time Dm (W=Dm), the following equa-
tion is satisfied:

Sm=Dm+Bm+Lm

[0124] If the scan hold time W is not shorter than the pre-
ceding subframe backlight emission time Dm (W=Dm), the
following equation is satisfied:

Sm=Dm+(W-Dm)+Bm+Lm

[0125] Since the number N of scan lines is “1” for static
driving, the scan hold time is W=0.

[0126] A backlight emission time is ensured for both the
cases of (W=Dm) and (W=Dm), if the preceding subframe
backlight time Dm is not 0 even if the current subframe
backlight emission time Lm is O.

[0127] Even if the current subframe backlight emission
time Lm is not 0 or is 0, a backlight of emission light corre-
sponding to a display pattern of an arbitrary subframe is
turned on during a period from some timing in the subframe
to some timing in the subframe immediately thereafter.
[0128] Next, the third condition will be described. A rise or
fall response time of liquid crystal is preferably not longer
than the shortest subframe time Sm and more preferably not
shorter than the shortest Sm-W.

[0129] A rise response time and a fall response time are
defined in the following manner. Consider now a relative
transmissivity that a transmissivity in a steady state upon
application of a dark display voltage is 0% and a transmissiv-
ity in a steady state upon application of a bright display
voltage is 100%. The rise response time is defined as a time
required for the relative transmissivity to rise from 0% to 90%
in an optical response from dark display to bright display. The
fall response time is defined as a time required for the relative
transmissivity to fall from 100% to 10% in an optical
response from bright display to dark display.

[0130] An FS driving liquid crystal display device can be
manufactured under the above-described conditions, which
device can provide good color purity irrespective of a
response speed of the liquid crystal display unit.

[0131] Next, description will be made on an FS driving
method considering temperature dependency ofa liquid crys-
tal display unit upon electrooptical response. Description will
be made first on temperature dependency of an NWTN unit,
a two-layer TN unit and a VA unit, upon electrooptical
response.

[0132] FIGS. 10A, 10B and 11 are graphs showing tem-
perature dependency of rise response time, fall response time
and rise response lag time, respectively. The abscissa repre-
sents a temperature and the ordinate represents a time. Curves
A7 10 A9 in FIG. 10A, curves A10 to A12 of FIG. 10B and
curves A13 to A15 of FIG. 11 indicate temperature depen-
dency of the NWTN unit, two-layer TN unit and AV unit,
respectively.

[0133] Asdescribed above, therise response time is defined
as a time required for the relative transmissivity to rise from
0% to 90%, whereas the fall response time is defined as a time
required for the relative transmissivity to fall from 100% to
10%. The rise response lag time is a time required for an
(absolute) transmissivity to rise from electrical switching by
2%.

[0134] As atemperature lowers, the rise response time, fall
response time and rise response lag time become long for all
three types of devices. There is a tendency that a change with
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temperature of the normally black type unit is larger than that
of the NWTN unit. A response time of the NWTN element
shorter than that of the normally black type unit has been
described with reference to FIGS. 5A and 5B. There is a
tendency that the more the temperature lowers, the more a
difference between the NWTN unit and normally black type
unit expands.

[0135] The rise response time of the two-layer TN unit and
VA unit has approximately a similar change with tempera-
ture, the fall response time of the VA unit has a large change
with temperature than that of the two-layer TN unit, and the
rise response lag time of the two-layer TN unit has a larger
change with temperature than that of the VA unit.

[0136] As described above, the more a temperature lowers,
an electrooptical response of a liquid crystal display unit
becomes slower. In a conventional FS driving liquid crystal
display device, as the response time becomes long, a back-
light emission time (corresponding to the current subframe
backlight emission time of the embodiment) becomes short
and a luminance lowers. Moreover, as the response standby
time prolongs to the subframe end time, the backlight cannot
be turned on (corresponding to a current subframe backlight
emission time of “0” in the embodiment). Because of this, a
display state as intended cannot be realized and a color dis-
play itself cannot be made.

[0137] As described with the second embodiment, a back-
light emission time is ensured by the introduced preceding
subframe backup emission time, even if the current subframe
backlight emission time becomes “0”. Namely, a desired
display state can be realized by turning on a backlight of
emission color corresponding to the display pattern of a cur-
rent subframe, in a subframe immediately after the current
subframe. The FS driving method incorporating the preced-
ing subframe backlight emission time is therefore effective
for a case in which a response time of liquid crystal is slow
such as at a low temperature.

[0138] Next, with reference to FIG. 12A, description will
be made on an FS driving method of the fifth embodiment in
which drive parameters such as a subframe time is changed
with a temperature In the fifth embodiment, a two-layer TN
unit of static driving is used as a liquid crystal display unit.
Since the number N of scan lines is “1”, a scan hold tome is
W=0. Inthe fifth embodiment, drive parameters for determin-
ing the FS driving condition are changed with temperature.
FIG. 12A is atable showing a list of dtive parameters accord-
ing to the fifth embodiment.

[0139] The table describes in the unit of ms a rise response
time (response time from black to white display), a fall
response time (response time from white to black display), a
rise response lag time (arrival time from black to T=2%), a
frame time F, a subframe time S, a preceding subframe back-
light emission time D, a blank time B and a current subframe
backlight emission time L, respectively at temperatures of
25°C., 10° C., 0° C., -10° C. and -20° C. The number M of
subframes is set to “3” and each subframe has an equal time
duration.

[0140] At a temperature not higher than 10° C., the sub-
frame time S is set equal to the fall response time, and the
current subframe backlight emission time L is set to 0 ms. At
all temperatures, the preceding subframe backlight emission
time D is set equal to the rise response lag time.

[0141] A sum or the preceding subframe backlight emis-
sion time D, blank time B and current subframe backlight
emission time L is equal to the subframe time S. At a tem-
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perature not higher than 10° C., a sum of the preceding sub-
frame backlight emission time D and blank time B is equal to
the subframe time S and fall response time. Since the sub-
frame time S is set equal to the fall response time at a tem-
perature not higher than 10° C., the subframe time S and
frame time F become long as the temperature lowers.

[0142] The subframe time S is preferably set to a time
duration not shorter than the fall response time of a liquid
crystal display unit. However, if the subframe time is 100 long,
it is difficult to obtain good color display. It is therefore
effective for obtaining good color display to set the subframe
time S (more preferably the subframe time S-scan hold time
W) equal to the fall response time of a liquid crystal display
unit at a low temperature.

[0143] In this case, since the fall response reaches the sub-
frame end, the current subframe backlight emission time L
becomes “0”. The preceding subframe backlight emission
time D is incorporated in order to turn on a backlight of
emission color corresponding to the display pattern of the
current subframe in the subframe immediately thereafter.
[0144] Visual states were observed by operating the liquid
crystal display device adopting such drive parameters and
immersed into a constant temperature bath. Drive parameters
were changed manually in accordance with a temperature of
the constant temperature bath. Although there was a phenom-
enon that as the temperature lowered, display flicker became
heavy, it was confirmed that display color as intended was
obtained.

[0145] Next, with reference to FIG. 12B, an FS driving
method of the sixth embodiment will be described. In the
sixth embodiment, a VA unit of static driving is used as a
liquid crystal display unit. Similar to the fifth embodiment, a
scan hold time is W=0. Also in the sixth embodiment, drive
parameters are changed with a temperature similar to the fifth
embodiment. FIG. 12B is a table showing a list of drive
parameters according to the sixth embodiment.

[0146] A relation among parameters is similar to that of the
fifthembodiment. However, the number M of subframes is set
to “2”” and each subframe has an equal time duration. Also in
the liquid crystal display device of the sixth embodiment, as
a temperature lowers, the subframe time S and frame time T
become long. Visual states were observed by operating the
liquid crystal display device immersed into a constant tem-
perature bath, similar to the liquid crystal display device of
the fifth embodiment using the two-layer TN unit. Similar to
the liquid crystal display device of the fifth embodiment,
there was a phenomenon that as the temperature lowered,
display flicker became heavy. Further, although there was a
phenomenon that a luminance of a display unit lowered,
display color as intended was obtained.

[0147] The preceding subframe backlight emission time is
not necessarily required to be set from the start time of a
subframe. Unnecessary color mixture can be suppressed and
a display luminance can be improved, if a backlight of emis-
sion color corresponding to the display pattern of the preced-
ing pattern is turned on during the rise response lag time of the
liquid crystal display unit.

[0148] Although the drive parameters suitable for a tem-
perature have been set manually in the fifth and sixth embodi-
ments, a liquid crystal display device may be structured in
such a manner that drive parameters can be set automatically,
as will be described in the following.

[0149] FIG. 13 is a schematic diagram showing a liquid
crystal display device of the seventh embodiment. The liquid
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crystal display device has a temperature sensor 4 for measur-
ing a temperature of a liquid crystal display unit 1, disposed
near or on the surface of the liquid crystal display unit 1 or in
a liquid crystal cell. Temperature data measured with the
temperature sensor 4 is input to a drive unit 3.

[0150] In the seventh embodiment, temperature depen-
dency of the liquid crystal display unit 1 upon electrooptical
response characteristics is measured in advance, and drive
parameters at each temperature are determined in accordance
with the measured temperature dependency, for example,
similar to the tables shown in FIGS. 12A and 12B. The drive
parameters are stored in a memory 5 of the drive unit 3, e.g.,
atapitch of 1° C.

[0151] In accordance with temperature data input from the
temperature sensor 4, the drive unit reads parameters corre-
sponding to the temperature from the memory 5, and synchro-
nously drives the multicolor backlight 2 and liquid crystal
display unit 1. The liquid crystal display device can thus be
realized which can automatically select drive parameters suit-
able for each temperature even if an environmental tempera-
ture changes.

[0152] Drive parameters suitable for a temperature may be
set by making a frequency oscillator unit variable in an analog
way. If the drive unit has one frequency oscillator unit which
has a circuit structure which determines L.C components and
a backlight operation timing, an operation is ensured to some
degree by changing only the frequency of the oscillator unit
with temperature.

[0153] As described above, even if the electrooptical
response of a liquid crystal display unit becomes slow as the
temperature lowers, good FS driving can be performed by
setting drive parameters such as a subframe time and a pre-
ceding subframe backlight emission time in accordance with
the lowered temperature.

[0154] For example, even if a response time becomes long
at a low temperature and a backlight of emission color corre-
sponding to the display pattern of the subframe cannot be
turned on, the backlight of the emission color is turned on at
the initial stage of the subframe immediately thereafter so that
a desired display state can be obtained.

[0155] For example, if a time duration of one subframe is
around 5.57 ms and a fall response time is 5.57 ms or longer
it can be said that a preferable drive mode is not to turn on the
backlight of emission color corresponding to the subframe
during the subframe but to turn on the backlight in the sub-
frame immediately thereafter. This drive mode is particularly
preferable, e.g., at a temperature of =10° C. to -30° C.

[0156] Itcanbe said that a drive mode to turn on a backlight
of emission color corresponding to a subframe in the sub-
frame and continue to be turned on by prolonging the emis-
sion period to the subframe immediately thereafter, is par-
ticularly preferable, e.g., for a case in which a fall response
time is shorter than 5.57 ms. This drive mode is particularly
preferable at a temperature not lower than a room tempera-
ture, e.g., +15° C. to +95° C.

[0157] In the above embodiment, although the rise
response lag time is defined as a time when the absolute
transmissivity rises by 2%, the rise response lag time is gen-
erally preferable if it is defined by using a relative transmis-
sivity. A absolute transmissivity of 2% corresponds to a rela-
tive transmissivity of 10%. Therefore, the rise response lag
time is defined by a time from electrical switching to a time
when the relative transmissivity rises by 10%
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[0158] The liquid crystal display device and FS driving
method of the embodiments are applicable to the following
products. The products include a vehicle mounted informa-
tion display device including a segment display unit or a
segment display unit and a dot matrix display unit, a display
unit of a car audio apparatus, an operation panel display unit
of a copy machine or the like, and all types of information
display apparatus (including a thin film transistor liquid crys-
tal display device).

[0159] The present invention has been described in connec-
tion with the embodiments. The present invention is not lim-
ited only to the embodiments. For example, it is obvious that
those skilled in the art can make various modifications,
improvements, combinations and the like.

What are claimed are:

1. A liquid crystal display device comprising:

aliquid crystal display unit including a plurality of display

units each switching between bright display and dark
display;

abacklight having a light source of a plurality of colors for

making light emitted from said light source be incident
upon said liquid crystal display unit; and

a drive unit for performing field sequential driving through

synchronization of said liquid crystal display unit and
said backlight,

wherein said drive unit controls a state of bright/dark dis-

play of said liquid crystal display unit to realize a display
pattern corresponding to each subframe obtained by
dividing a frame into a plurality of subframes, and con-
trols an emission state of said backlight to turn on said
backlight of emission color corresponding to a display
pattern of an arbitrary first subframe from some timing
in said first subframe to some timing in a second sub-
frame immediately after said first subframe.

2. The liquid crystal display device according to claim 1,
wherein said drive unit controls the emission state of said
backlight to turn on said backlight of emission color corre-
sponding to a display pattern of said first subframe in said first
subframe and continue to be turned on being prolonged into
said second subframe.

3. The liquid crystal display device according to claim 1,
wherein said drive unit controls the emission state of said
backlight not to turn on said backlight of emission color
corresponding to a display pattern of said first subframe in
said first subframe but to turn on said backlight in said second
subframe.

4. The liquid crystal display device according to claim 17
wherein said drive unit turns of said light source of emission
color corresponding to the display pattern of said first sub-
frame during a period from a start time of said second sub-
frame to a rise response lag time from dark display to bright
display of said liquid crystal display unit.

5. The liquid crystal display device according to claim 1,
wherein a response time from dark display to bright display or
from bright display to dark display of said liquid crystal
display unit is not longer than a shortest subframe time Sm.

6 The liquid crystal display device according to claim 1,
wherein said liquid crystal display unit is a normally black
type.

7. The liquid crystal display device according to claim 1,
wherein said drive unit performs color break-less field
sequential driving by controlling said liquid crystal display
unit in such a manner that in some display unit dark display is
effected only in one subframe per frame and by controlling
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said backlight in such a manner that said light source is turned a temperature sensor for measuring a temperature of said
on with a plurality of colors at the same time in some sub- liquid crystal display unit;
frame. wherein said drive unit stores drive parameters at each
8. The liquid crystal display device according to claim 1, temperature including a subframe time and an emission
wherein: time, inn said second subframe, of emission color cor-
said liquid crystal display unit has a plurality of scan lines responding to the display pattern of said first subframe,
under multiplex driving; and reads said drive parameters corresponding to a tempera-
said drive unit drives said liquid crystal display unit under ture measured with said temperature sensor, and con-
drive conditions of a duty ratio of a ¥ duty to a %% duty trols said liquid crystal display unit and said backlight in
and a drive frequency of 150 Hz to 1 kHz. accordance with said read drive parameters.

9. The liquid crystal display device according to claim 1,

further comprising: ok % o® %
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