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(57) ABSTRACT

A liquid crystal display device has: a liquid crystal display
unit including a plurality of common electrodes to be sequen-
tially applied with a drive voltage and segment electrodes for
segment display, facing each common electrode, and a plu-
rality of display areas divided for one or more common elec-
trodes; a backlight including a multicolor light source pro-
vided for each display area; and a drive unit for performing
field sequential driving of multiplex driving by scanning the
plurality of common electrodes in such a manner that after all
common electrodes in one display area are scanned, common
electrodes in the next display area start being scanned, and by
synchronizing scanning each common electrode with an
emission operation of the multicolor light source in each
display area.
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LIQUID CRYSTAL DISPLAY DEVICE WITH
IMPROVED DISPLAY LUMINANCE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority of
Japanese Patent Applications No. 2007-225849 filed on Aug.
31, 2007, No. 2007-236630 filed on Sep. 12, 2007, and No.
2007-287412 filed on Nov. 5, 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 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 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,
butrealizes 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. 18, description will be made
on a specific example of a conventional FS driving method.
FIG. 18 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
which is a division of one frame by 3.

[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, it is
necessary to provide a blank time not turning on the backlight
until the liquid crystal display unit responds to some degree.
[0012] FIG. 19 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] It can be scen that even if a drive voltage changes
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 back light, until the transmissivity lowers
sufficiently.

[0014] Reverting to FIG. 18, 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.
[0015] 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. 18, 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.
[0016] 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.

[0017] 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., in a
mixture color display state of white, yellow or magenta.
[0018] 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,
however, cannot eliminate the color break phenomenon.
[0019] The present inventor and his colleagues have pro-
posed 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 Japa-
nese Patent Publication No. 3894323, the entire contents of
which are incorporated herein by reference.

[0020] 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
white and orange) as backlight emission colors in one sub-
frame, and performing emission of backlight only in one
subframe for each segment.

[0021] With reference to FIG. 20, a specific example of the
color break-less FS driving method will be described. FIG. 20
is a timing chart illustrating timings of each segment input
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signal and a backlight emission state. It is assumed that the
liquid crystal display unit is a normally black type.

[0022] 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 M.

[0023] Since backlight emission color can be changed for
each frame, 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.

[0024] In this example, one frame is 16.7 ms, and three
subframes of the same time duration are set. A time duration
of each subframe may be changed in accordance with emis-
sion color of the backlight. Namely even if subframe have
different time durations, an operation is possible.

[0025] A segment 1 displays white, a segment 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 waiting
for an electrooptical response of the liquid crystal display unit
is provided immediately after subframe switching. A back-
light emission time L is to a period after the blank time B to
the subframe end time to turn on the backlight of color cor-
responding to the subframe.

[0026] With these operations, it becomes possible to realize
color display without flicker and color break as intended
when viewed externally.

SUMMARY OF THE INVENTION

[0027] An object of the present invention is to provide a
liquid crystal display device with improved display lumi-
nance.

[0028] Another object of the present invention is to provide
aliquid crystal display device FS driving of multiplex driving
capable of suppressing display luminance from being low-
ered even if the number of common electrodes is increased.
[0029] Still another object of the present invention is to
provide a liquid crystal display device under color break-less
FS driving capable of improving display luminance and
increasing the number of display colors.

[0030] Still another object of the present invention is to
provide a liquid crystal display device having a display unit of
segment display or mixture of segment display and dot matrix
display, under color break-less FS driving capable of improv-
ing display luminance and color purity even with multicolor
display.

[0031] According to one aspect of the present invention,
there is provided a liquid crystal display device comprising: a
liquid crystal display unit including a plurality of divided
display areas; a backlight having a light source provided for
each of said plurality of divided display areas; and a drive unit
for synchronizing a display state of said liquid crystal display
unit and an emission state of said backlight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG.1isaschematic diagram showing the structure
common to liquid crystal display devices according to
embodiments of the present invention.

[0033] 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-
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ture of a glass substrate, and FIG. 2C is a schematic cross
sectional view showing another example of the structure of a
glass substrate.

[0034] FIG. 3 is a schematic perspective view of a two-
layer TN mode liquid crystal display unit.

[0035] FIG. 4is a schematic perspective view ofa VA mode
liquid crystal display unit.

[0036] FIGS. SA and 5B are plan views showing display
patterns and display areas according to a first embodiment.
[0037] FIG. 6 is a schematic cross sectional view showing
an example of the structure of a backlight.

[0038] FIG. 7 is a schematic cross sectional view showing
another example of the structure of a backlight.

[0039] FIG. 8 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission of
the first embodiment.

[0040] FIGS. 9A and 9B are plan views showing display
patterns and display areas according to a second embodiment.
[0041] FIG. 10 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission of
the second embodiment.

[0042] FIGS.11A and 11B are plan views showing display
patterns and display areas according to a third embodiment.
[0043] FIG. 12 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission of
the third embodiment.

[0044] FIGS. 13A and 13B are plan views showing display
patterns and display areas according to a fourth embodiment.
[0045] FIG. 14 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission of
the fourth embodiment.

[0046] FIGS. 15A and 15B are tables showing a list of
electrooptical response characteristics of an NWTN display
unit, a two-layer display unit and a VA display unit.

[0047] FIG. 16 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission
according to a fifth embodiment.

[0048] FIG. 17 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission
according to a sixth embodiment.

[0049] FIG. 18 is a timing chart showing timings of seg-
ment input signals and backlight emission by a conventional
normal FS driving method.

[0050] FIG. 19 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.

[0051] FIG. 20 is a timing chart showing timings of seg-
ment input signals and backlight emission by a conventional
color break-less FS driving method.

[0052] FIG. 21 is a timing chart showing timings of drive
waveforms and backlight emission by a conventional static
ES driving method.

[0053] FIG. 22 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission by
a conventional 1/2 duty multiplex FS driving method.
[0054] FIG. 23 is a timing chart showing timings of drive
waveforms of common electrodes and backlight emission by
a conventional 1/4 duty multiplex FS driving method.
[0055] FIGS. 24A and 24B are plan views showing display
patterns and display areas of a liquid crystal display device
according to a seventh embodiment.
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[0056] FIG. 25 is a timing chart showing timings of drive
waveforms of segment electrodes and backlight emission of
the seventh embodiment.

[0057] FIGS.26A and 26B are plan views showing display
patterns and display areas of a liquid crystal display device
according to an eighth embodiment.

[0058] FIG. 27 is a timing chart showing timings of drive
waveforms of common and segment electrodes and backlight
emission of the eighth embodiment.

[0059] FIG. 28 is a timing chart showing timings of drive
waveforms of segment electrodes and backlight emission
according to a ninth embodiment.

[0060] FIG. 29 is a timing chart showing timings of drive
waveforms of common and segment electrodes and backlight
emission according to a tenth embodiment.

[0061] FIG. 30 is a plan view showing names of segments
of a 7-segment display unit.

[0062] FIG. 31 is a timing chart showing timings of drive
waveforms of segment electrodes and backlight emission
according to a comparative example (with the 7th embodi-
ment).

[0063] FIG. 32A shows a display pattern example 1 of a
liquid crystal display unit. FIG. 32B is an assignment
example 1 of a backlight area, and FIG. 32C is a wiring
diagram of common electrodes.

[0064] FIG. 33 is a timing chart showing drive waveforms
applied to common electrodes 1 to 4 and segment electrode 1
to 6 during one frame. and emission colors and timings of
backlight areas A and B.

[0065] FIG. 34 shows an assignment example 2 of a back-
light area.
[0066] FIG. 35 is a timing chart showing drive waveforms

applied to common electrodes 1 to 4 and segment electrode 1
to 6, and emission colors and timings of backlight areas A, B
and C.

[0067] FIG. 36 is a timing chart showing drive waveforms
applied to common electrodes 1 to 4 and segment electrode 1
to 6 during one frame, and emission colors and timings of
backlight areas A and B.

[0068] FIG. 37 is a timing chart showing drive waveforms
applied to common electrodes 1 to 4 and segment electrode 1
to 6 during one frame, and emission colors and timings of
backlight areas A and B.

[0069] FIG. 38A shows a display pattern example 2, FIG.
38B is an assignment example 3 of a backlight area and FIG.
38C is a wiring diagram of common electrodes.

[0070] FIG. 39 shows a display pattern example 3.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0071] First, description will be made on liquid crystal

display devices according to first to sixth embodiments of the
present invention.

[0072] Prior to description of the first to sixth embodi-
ments, comparison will be made on a difference between
static driving and multiplex driving. First, a case will be
described wherein a static drive waveform is applied to a
segment display unit.

[0073] FIG. 21 is a timing chart showing examples of tim-
ings of a drive waveform and backlight emission. It is
assumed that a normally black type liquid crystal unit is
driven by anormal FS driving method. A drive waveform for
a segment display unit is a rectangular wave at a frequency of
about 720 Hz. One frame is set to 16.7 ms, and each of three
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subframes for RGB emission is set to 5.57 ms. A blank time
B is 2.5 ms immediately after subframe switching. A back-
light emission time L is 3.07 ms after the blank time to the
subframe end time.

[0074] If there are a plurality of scan lines (common elec-
trodes) and each segment display unit does not have a switch-
ing element such as a thin film transistor (TFT), multiplex
driving is required to sequentially scan a plurality of scan
lines. In order to obtain a uniform display state in multiplex
driving, the backlight cannot be turned on even during a scan
standby time.

[0075] FIGS. 22 and 23 are timing charts showing
examples of timings of drive waveforms to be applied to
common electrodes and backlight emission. The timing chart
of FIG. 22 shows multiplex driving ata 1/2 duty and a 1/2 bias
with two common electrodes. The timing chart of FIG. 23
shows multiplex driving at a 1/4 duty and a 1/3 bias with four
common electrodes.

[0076] The normal FS driving method is assumed, one
frame is set to 16.7 ms, each of three subframes for RGB
emission is set to 5.57 ms, and a blank time B is set to 2.5 ms.
[0077] A drive frequency at the 1/2 duty shown in FI1G. 22
is 360 Hz, and a drive frequency at the 1/4 duty shown in FIG.
23 is 180 Hz. A scan time per common electrode is about 0.7
ms, and a scan standby time per subframe is a time required to
scan common electrodes corresponding in number to the total
number of common electrodes subtracted by “1”.

[0078] Inthe case of two common electrodes shown in FIG.
22, a scan standby time is about 0.7 ms, and after the next
blank time 0f2.5 ms, the backlight is turned on. Therefore, the
backlight emission time L is about 2.73 ms. Since the scan
standby time exists, the backlight emission time is shortened
more than the backlight emission time of 3.07 ms of static
driving, and a display luminance lowers.

[0079] In the case of four common electrodes shown in
FIG. 23, a scan standby time is prolonged to about 2.09 ms,
and after the next blank time of 2.5 ms, the backlight is turned
on. Therefore, the backlight emission time L is about 0.99 ms,
so that the display luminance lowers more than the case of two
common electrodes.

[0080] As described above, as a duty number increases, the
scan standby time is prolonged so that the display luminance
of the multiplex FS driving liquid crystal display device low-
ers. Further, as the duty number increases in multiplex driv-
ing, an on/off voltage ratio becomes small and a response
speed lowers. Therefore, if the blank time is not prolonged
correspondingly, a display state with good color purity cannot
be realized.

[0081] It has been long desired to provide techniques
capable of suppressing a display luminance from being low-
ered, even if the number of common electrodes is increased in
the multiplex, FS driving liquid crystal device.

[0082] Next, with reference to FIG. 1, description will now
be made on the structure common to liquid crystal display
devices according to the first to sixth embodiments. FIG. 1 is
a schematic diagram showing the structure of a liquid crystal
display device. The liquid crystal display device is constituted
of aliquid crystal display unit 1, a backlight 2 and a drive unit
3.

[0083] Each of the liquid crystal display units of the first to
sixth embodiments includes a plurality of common elec-
trodes, and opposing segment electrodes for segment display.
The display screen is divided into display areas A, B and the
like respectively for one or more common electrodes.
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[0084] The backlight 2 is disposed on the back of the liquid
crystal display unit 1, and includes a multicolor light source
LS disposed for each display area and a light distribution
control structure for making light emitted from each multi-
color light source LS be radiated only to a corresponding
display area. Each multicolor light source LS is constituted of
a light source of a plurality of colors, e.g., a multicolor light
emitting diode (LED) capable of emission of red, green and
blue (RGB) colors. Each multicolor light source LS can be
turned on at an independent timing.

[0085] The drive unit 3 synchronously drives the liquid
crystal display unit 1 and multicolor light source LS at desired
timings to obtain color display of multiplex field sequential
(FS) driving.

[0086] The liquid crystal display unit 1 may be a normally
white (NW) twisted nematic (TN) mode liquid crystal display
unit, a two-layer TN mode liquid crystal display unit or a
vertical alignment (VA) mode liquid crystal display unit.
[0087] With reference to FIGS. 2A to 2C, description will
be made on an NWTN 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 aliquid crystal
layer 14 formed between the substrates.

[0088] 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
process to align liquid crystal molecules at left twist of 90°
between upper and lower substrates.

[0089] The liquid crystal layer 14 is formed by making a
space between the upper and lower horizontal alignment films
31 and 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, 1s set to about 2 um 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.

[0090] 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.

[0091] In order to improve visual angle characteristics of a
liquid crystal display unit, a black mask film is disposed in
some cases in an area other than the display pattern area of
one or both glass substrates, the black mask film being elec-
trically insulated from the display pattern electrodes by non-
conductive material. The black mask film is made of a metal
thin film of, e.g., chromium or molybdenum. A resin film such
as acrylic dispersed with pigment and carbon may be used as
the black mask film.

[0092] As shown in FIG. 2C, an insulating film 41 and a
black mask film 42 are formed, for example, between the
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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 preferable to use this light shielding structure for the liquid
crystal display device particularly under color break-less FS
driving.

[0093] 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.

[0094] 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.

[0095] 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.

[0096] 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.

[0097] Itis obvious that an optical film having similar opti-
cal characteristics to those of the compensation cell, e.g. a
Twistar film manufactured by Polanotechno 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.

[0098] 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.

[0099] 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.

[0100] The liquid crystal cell 71 is disposed between an
upper polarizer 81 and a lower polarizer 82 cross-Nicol dis-
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posed. An absorption axis of the upper polarizer 81 is set at a
position rotated counter clockwise by 45° from a 12 o’clock
direction.

[0101] 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.

[0102] 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.

[0103] 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, 1s 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.

[0104] 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 FS driving
liquid crystal display device having a high contrast, with the
structure not using a black mask. Since the VA unit in par-
ticular has excellent visual angle characteristics, this unit is
suitable for improving a display quality.

[0105] Next, description will be made on liquid crystal
display devices of the first to fourth embodiments having a
variety of display patterns and the like.

[0106] First, description will be made on the liquid crystal
display device of the first embodiment under multiplex driv-
ing at a 1/2 duty and a 1/2 bias. FIG. 5A shows a display
pattern of a liquid crystal display unit 1. The liquid crystal
display unit 1 of the first embodiment has two common elec-
trodes 101 and 102, a 1-segment display unit 103 for display-
ing a character string of “STANLEY R & D and a 7-segment
display unit 104 of two digits. Segment electrodes of the
display unit 103 and 104 face the common electrodes 101 and
102, respectively.

[0107] FIG. 5B shows a display area. The display screen is
divided into two display areas A and B. The display areas A
and B are inclusive of display units 103 and 104 as viewed in
plan, respectively, and have shapes defined approximately by
the outer contours of the common electrodes 101 and 102,
respectively. A border 105 between the display areas A and B
is disposed at the center between the lower end of the display
unit 103 (STANLEY R & D) and the upper end of the display
unit 104 (7-segment display unit of two digits).

[0108] FIG. 6 shows an example of the structure of a back-
light 2. This example shows the structure of a side light type
backlight. A reflection plate 202 made of, e.g., metal, is
inserted into a light guide plate 201 just under the border 105

Mar. 5, 2009

between the display areas A and B, to divide the light guide
plate 201 into a portion 201A on the display area A side and
a portion 201B on the display area B side.

[0109] A multicolor light source LSA is disposed at the end
of the portion 201A of the light guide plate 201 on the display
area A side, and a multicolor light source LSB is disposed at
the end of the portion 201B on the display area B side. Since
the reflection plate 202 is formed, light beams emitted from
the multicolor light sources LSA and LSB are radiated only to
the display area A and display area B, respectively, without
being mixed.

[0110] Tt is preferable that the space between the display
units 103 and 104 is sufficiently broad in order that the display
unit 103 in the display area A and the display unit 104 in the
display area B are illuminated separately by the multicolor
light sources LSA and L.SB, respectively. A shortest distance
between the display units included in adjacent display areas
(shortest distance between display pixels) is preferable not
shorter than 1 mm and more preferably not shorter than 2 mm.
In this embodiment, a shortest distance between the lowerend
of the display unit 103 (STANLEY R & D) and the upper end
of the display unit 104 (7-segment display unit of two digits)
(a shortest distance between the display units 103 and 104) is
set to 2.5 mm.

[0111] The backlight structure is not limited to the side
light type. For example, as shown in FIG. 7, a so-called
just-under type backlight may be used. A box-shaped struc-
tural body having a side wall 211 for light diffusion and
reflection is partitioned into a unit 211A on the display area A
side and a unit 211B on the display area B side, by a partition
wall 212 for light diffusion and reflection. The partition wall
212 is disposed just under a border 105 between the display
areas A and B.

[0112] A multicolor light source LSA is installed on the
bottom of the unit 211A on the display area A side, and a
multicolor light source LSB is installed on the bottom of the
unit 211B on the display area B side. Light beams emitted
from the multicolor light sources LSA and L.SB illuminate
only the display areas A and B, respectively, via a diffusion
plate 213, without being mixed because of presence of the
partition wall 212.

[0113] FIG. 8 is a timing chart showing timings of drive
waveforms of the common electrodes 101 and 102 and back-
light emission in the display areas A and B, respectively of the
liquid crystal display device of the first embodiment. One
frame was set to 16.7 ms and divided at an equal pitch into
three subframes SB1 to SB3 of 5.57 ms for RGB emission. A
drive frequency of multiplex driving waveforms to be applied
to the liquid crystal display unit was set to about 360 Hz. A
scan time per common electrode is about 0.7 ms. A blank time
B was set to 2.5 ms. The display areas A and B are scanned in
this order.

[0114] Only one common electrode 101 belongs to the
display area A. Since it is not necessary to scan a plurality of
common electrodes, in the display area A, a blank time B can
be set from the start time when a drive waveform is applied to
the common electrode 101, i.e., from the start time of a
subframe. A backlight emission time L is set after the blank
time B to the end time of the subframe. The backlight emis-
sion time L is about 3.07 ms.

[0115] Afterabout0.7 ms from the start time when the drive
waveform is applied to the common electrode 101 belonging
to the display area A, a drive waveform, starts being applied to
the common electrode 102 belonging to the display area B.
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Only one common electrode 102 is used also for the display
area B, and it is unnecessary to scan a plurality of common
electrodes similar to the display area A.

[0116] Therefore, a drive for the display area B is same as
that for the display area A shifted by a scan time per common
electrode of about 0.7 ms. A backlight emission time of about
3.07 ms can be retained also for the display area B. Since the
backlight emission time is equal in both the display areas A
and B, a display luminance can be made uniform.

[0117] Ifthe display screen is not divided into a plurality of
display areas, all common electrodes are scanned in one
subframe, a long scan standby time is required and it is
difficult to retain a long backlight emission time. As in this
embodiment, the display screen is divided into a plurality of
display areas for one (or more) common electrodes to reduce
the number of common electrodes to be scanned in each
subframe, so that a long backlight emission time can be
retained.

[0118] Furthermore, since one common electrode belongs
to each display area, there is no scan standby time in the
subframe, and the blank time can be set immediately after the
subframe start. For example, as described with reference to
FIG. 22, a longer emission time can be retained as compared
to a driving method required to scan a plurality of common
electrodes in the subframe, so that a display luminance can be
improved.

[0119] Visual states were observed by manufacturing the
liquid crystal display device under FS driving shown in the
timing chart of FIG. 8 and a conventional liquid crystal dis-
play device under FS driving shown in the timing chart of
FIG. 22. An NWTN unit was used as the liquid crystal display
unit. Although color purity was similar for both the embodi-
ment and conventional units, it was confirmed that a display
luminance of the embodiment was improved definitely.
[0120] Next, description will be made on the liquid crystal
display device of the second embodiment under multiplex
driving at a 1/3 duty and a 1/3 bias. FIG. 9A shows a display
pattern of a liquid crystal display unit 1. In the second
embodiment, although the display pattern is the same as that
of the first embodiment, electrode wiring patterns are differ-
ent.

[0121] The liquid crystal display unit of the second
embodiment has three common electrodes 111 to 113, a
7-segment display unit 114 of two digits and a 1-segment
display unit 115 for displaying a character string of “STAN-
LEY R & D”. The 7-segment display unit of two digits is
divided into an lower 4-segment display unit 1141 and an
upper 3-segment display unit 114U. Segment electrodes of
the display units 1141, 114U and 115 face the common
electrodes 111, 112 and 113, respectively.

[0122] FIG. 9B shows a display area. The display screen is
divided into two display areas A and B. The display area A is
inclusive of the display units 1141, and 114U, i.e., the 7-seg-
ment display unit 114 of two digits, and has a shape defined
approximately by the outer contour of a set of the common
electrodes 111 and 112. The display area B is inclusive of the
character display unit 115 and has a shape defined approxi-
mately by the outer contour of the common electrode 113.
[0123] A border 116 between the display areas A and B is
defined in a manner similar to the first embodiment. Similar to
the first embodiment, a distance between the lower end of the
display unit 115 (STANLEY R & D) and the upper end of the
display unit 114 (7-segment display unit of two digits) is 2.5
mm.
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[0124] FIG. 10 is a timing chart showing timings of drive
waveforms of the common electrodes 111 to 113 and back-
light emission in the display areas A and B, respectively ofthe
liquid crystal display device of the second embodiment. One
frame was set to 16.7 ms and divided at an equal pitch into
three subframes SB1 to SB3 of 5.57 ms for RGB emission. A
drive frequency of multiplex driving waveforms to be applied
to the liquid crystal display unit was set to about 180 Hz. A
scan time per common electrode is about 0.93 ms. A blank
time B was set to 2.5 ms. The display areas A and B are
scanned in this order.

[0125] Two common electrodes 111 and 112 belong to the
display area A. After a scan time of 0.93 ms of the common
electrode (after the scan standby time of 0.93 ms required to
scan common electrodes corresponding in number to the total
number of common electrodes in the display area A sub-
tracted by “17) after the start time when a drive waveform
starts being applied to the common electrode 111 to be
scanned first, i.e., after the start time of the subframe, a drive
waveform starts being applied to the common electrode 112
to be scanned second (last in the display area A).

[0126] Inthe display area A, a blank time B is set from the
start time when the drive waveform is applied to the common
electrode 112 last scanned in the display area A, and a back-
light emission time L is set after the blank time B to the end
time of the subframe. The backlight emission time L is about
2.14 ms.

[0127] A drive sequence for the display area B is set as that
for the display area A shifted by a scan time of about 1.86 ms
for two common electrodes in the display area.

[0128] The display area B has only one common electrode
113. However, after a scan time of 0.93 ms for one common
electrode after the start time when a drive waveform is applied
to the common electrode 113, a blank time B is set and a
backlight emission time L is set after the blank time B to the
end time of the subframe. Also in the display area B, the
backlight emission time is about 2.14 ms similar to the dis-
play area A.

[0129] Similar to the first embodiment, also in the second
embodiment, the display screen is divided into a plurality of
display areas to reduce the number of common electrodes to
be scanned in the subframe so that a long backlight emission
time can be retained.

[0130] Furthermore, in the second embodiment, the drive
sequence in the display area A having a relatively large num-
ber of common electrodes is shifted by a predetermined time
to use this sequence as that in the display area B having a
relatively small number of common electrodes. In this man-
ner, even if the numbers of common electrodes are not equal
the emission timings in the subframes are coincident and the
backlight emission time becomes equal so that a display
luminance can be made uniform.

[0131] Visual states were observed by manufacturing the
liquid crystal display device under FS driving shown in the
timing chart of FIG. 10. An NWTN unit was used as the liquid
crystal display unit. It was visually confirmed that a display
luminance was uniform in both the display areas A and B
having different numbers of common electrodes.

[0132] Next, description will be made on the liquid crystal
display device of the third embodiment under multiplex driv-
ing at a 1/4 duty and a 1/3 bias. FIG. 11A shows a display
pattern of a liquid crystal display unit 1. The liquid crystal
display unit of the third embodiment has four common elec-
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trodes 121 to 124, and 7-segment display units 125 and 126 of
four digits are disposed in two rows.

[0133] Theupper 7-segment display unit 125 of four digits
are divided into an upper 3-segment display unit 125U and a
lower 4-segment display unit 125L. The lower 7-segment
display unit 126 is divided into an upper 3-segment display
unit 126U and alower 4-segment display unit 126L. Segment
electrodes of the display units 125U, 1251, 126U and 126L
face the common electrodes 121, 122, 123 and 124, respec-
tively.

[0134] FIG.11B shows a display area. The display screen is
divided into two display areas A and B. The display area A is
inclusive of the display units 125U and 125L, i.e., the upper
7-segment display unit 125 of four digits and has a shape
defined approximately by the outer contour of a set of the
common electrodes 121 and 122. The display area B is inclu-
sive of the character display units 126U and 1261 and has a
shape defined approximately by the outer contour of a set of
the common electrodes 123 and 124.

[0135] A border 127 between the display areas A and B is
defined at the center of the line space between the upper
7-segment display unit 125 of four digits and the lower 7-seg-
ment display unit 126 of four digits. The line space between
the upper 7-segment display unit 125 of four digits and the
lower 7-segment display unit 126 of four digits is 2.5 mm.

[0136] FIG. 12 is a timing chart showing timings of drive
waveforms of the common electrodes 121 to 124 and back-
light emission in the display areas A and B, respectively of the
liquid crystal display device of the third embodiment. One
frame was set to 16.7 ms and divided at an equal pitch into
three subframes SB1 to SB3 of 5.57 ms for RGB emission. A
drive frequency of multiplex driving waveforms to be applied
to the liquid crystal display unit was set to about 180 Hz. A
scan time per common electrode is about 0.7 ms. A blank time
B was set to 2.5 ms. The display areas A and B are scanned in
this order.

[0137] Similar to the display area A of the second embodi-
ment, two common electrodes 121 and 122 belong to the
display area A. A blank time B is set from the start time when
a drive waveform is applied to the common electrode 122 to
be scannedlast, and a backlight emission time L is set after the
blank time B to the end time of the subframe. The backlight
emission time is about 2.37 ms.

[0138] Similar to the display area A, the display area B of
the third embodiment has also two common electrodes 123
and 124. An operation sequence of the display area B is set to
the drive sequence of the display area A shifted by about 1.4
ms which is a scan time of two common electrodes of the
display area A.

[0139] Namely, after a scan time of 0.7 ms of the common
electrode 123 of the display area, a drive waveform starts
being applied to the second (last) common electrode 124 of
the display area B, a blank time B is set from the start time
when a drive waveform is applied to the common electrode
124, and a backlight emission time L is set until the end time
of the subframe. Similar to the display area A, also in the
display area B, a backlight emission time L is about 2.37 ms.
Since the backlight emission time is equal for both the display
areas A and B, a uniform display luminance can be obtained.
[0140] As compared to the backlight emission time of 0.99
ms obtained by the conventional driving method not dividing
the display screen into a plurality of display areas described
with reference to FIG. 23, the emission time is prolonged by
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about 1.4 ms. Itis therefore considered that the display lumi-
nance can be improved considerably.

[0141] Visual states were observed by manufacturing the
liquid crystal display device under FS driving of the third
embodiment shown in the timing chart of FIG. 12 and a
conventional liquid crystal display device under FS driving
shown in the timing chart of FIG. 23. At NWTN unit was used
as the liquid crystal display unit. Although color purity was
similar for both the embodiment and conventional units, it
was confirmed that a display luminance of the embodiment
was improved definitely.

[0142] In the third embodiment (also in the sixth embodi-
ment to be described later), although two common electrodes
are assigned to each of the display areas A and B, common
electrodes different in number may be assigned to each dis-
play area similar to the second embodiment. For example,
three common electrodes 121 to 123 may be assigned to the
display area A, and the remaining one common electrode 124
is assigned to the display area B.

[0143] In this case, however, in order to have the same
display luminance for both the display areas A and B, it is
preferable as described in the second embodiment that a drive
sequence is adopted which makes a scan standby time of the
display area B having a relatively small number of common
electrodes be equal to a scan standby time of the display area
A having a relatively large number of common electrodes.
[0144] Next, description will be made on the liquid crystal
display device of the fourth embodiment under multiplex
driving at a 1/3 duty and a 1/3 bias. FIG. 13A shows a display
pattern of a liquid crystal display unit 1. The liquid crystal
display unit of the fourth embodiment has three common
electrodes 131 to 133, a 1-segment display unit 134 for dis-
playing a character string of “Stanley R & D”, a 1-segment
display unit 135 for displaying a character string of “Color
FS-LCD”, and a 7-segment display unit 136 of three digits.
Segment electrodes of the display units 134, 135 and 136 face
the common electrodes 131, 132 and 133, respectively.
[0145] FIG. 13B shows a display area. The display screen is
divided into three display areas A to C. The display areas A to
C are inclusive of the display units 134 to 136, and have
shapes defined approximately by the outer contours of the
common electrodes 131 to 133, respectively.

[0146] A border 137 between the display areas A and B and
aborder 138 between the display areas B and C are defined at
the center of the line space between the display units 134 and
135 and at the center of the line space between the display unit
135 and 136, respectively. A line space between the display
units 134 and 135 and a line space between the display units
135 and 136 are both 2.5 mm.

[0147] The backlight has three multicolor light sources for
illuminating the display areas A to C and the light distribution
structure not mixing illumination light beams in the display
areas A to C.

[0148] FIG. 14 is a timing chart showing timings of drive
waveforms of the common electrodes 131 to 133 and back-
light emission in the display areas A to C, respectively of the
liquid crystal display device of the fourth embodiment. One
frame was set to 16.7 ms and divided at an equal pitch into
three subframes SB1 to SB3 of 5.57 ms for RGB emission. A
drive frequency of multiplex driving waveforms to be applied
to the liquid crystal display unit was set to about 180 Hz. A
scan time per common electrode is about 0.93 ms. A blank
time B was set to 2.5 ms. The display areas A to C are scanned
in this order.
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[0149] Since one common electrode 131 belongs to the
display area A, in the display area A, ablank time B can be set
from the subframe start time without a scan standby time, and
abacklight emission time L is set after the blank time B to the
end time of the subframe. The backlight emission time is
about 3.07 ms.

[0150] Since one common electrode 132 and one common
electrode 133 belong to the display areas B and C, respec-
tively, a drive sequence of the display area B is set to that of
the display area A shifted by about 0.93 ms which is a scan
time for one common electrode of the display area A, and a
drive sequence of the display area Cis set to that of the display
area A shifted by about 1.86 ms which is a total scan time for
two common electrodes of the display areas A and B. Back-
light emission times L, of the display areas B and C are also
about 3.07 ms. Since the backlight emission time is the same
for all display areas A to C, a display luminance can be made
uniform.

[0151] Visual states were observed by manufacturing the
liquid crystal display device under FS driving shown in the
timing chart of FIG. 14. The same emission luminance of the
backlight is used for each of the display areas A to C. It was
observed thata display luminance was uniform for the display
areas A to C.

[0152] In the first to fourth embodiments, description has
been made on the liquid crystal display devices under multi-
plex driving conditions at the 1/2 duty to 1/4 duty, with the
backlight display screen being divided into three areas at a
maximum. It can be considered that the liquid crystal display
device can be operated up to a duty number of 8 (1/8 duty).
However, as described above, a shortest distance between
display units in adjacent display areas (a shortest distance
between display pixels) is set preferably not shorter than 1
mm or more preferably not shorter than 2 mm.

[0153] Ina display unit set with a duty number larger than
8, adot matrix display unit becomes important. However, this
unit is not realistic because it becomes difficult to retain a
distance between display units and to make position align-
ment of a separation portion between a liquid crystal display
unit and a backlight. In order to prevent a complicated struc-
ture, it can be considered that the number of display areas is
set not larger than 4.

[0154] A scan standby time SM is 0 at Cmax=1, and
(Cmax-(M-1))/(2fxN) in other cases, wherein S is a one
subframe time, N (1/N duty driving) is the number of com-
mon electrodes of a liquid crystal display unit, f is a drive
frequency of the liquid crystal display unit, M is the number
of display areas, and Cmax is the maximum number of com-
mon electrodes belonging to a display area.

[0155] By representing the numbers of common electrodes
ofadisplay area (hereinafter called a current display area) and
of a display area to be scanned immediately thereafter (here-
inafter called a next display area) by Cb and Ca, respectively,
although the operation sequences of the current and next
display areas are the same, the operation timing of the next
display area is lagged by (Cb+(Ca-1))/(2fxN) from the cur-
rent display area.

[0156] As in the above-described embodiments, the com-
mon electrode shape is often a rectangular shape elongated
along the right/left direction of a liquid crystal display unit.
However, the common electrode shape may take a modified
shape such as an L-character shape depending upon a display
pattern. In thus case, a display area defined approximately
along the contour of a common electrode has also a modified
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shape not a rectangular shape elongated along the right/left
direction of the liquid crystal display unit.

[0157] Next, description will be made on the electrooptical
response characteristics at a room temperature of three types
of liquid crystal display units of an NW TN mode, a two-layer
TN mode and a VA mode manufactured in the manner
described previously Measurements were conducted by using
LCD5200 manufactured by Otsuka Electronics Co., Ltd.
[0158] The drive conditions will be described. The drive
waveform is a rectangular waveform for static driving (1/1
during driving), and a multiplex driving waveform at a 1/2
bias for 1/2 duty driving and a 1/3 bias for 1/3 and 1/4 duty
driving. A drive frequency was set to 500 Hz. A drive voltage
VLCD under respective drive conditions was adjusted to
obtain the best visual display state. An off-voltage in static
driving was all setto O'V.

[0159] FIG. 15A is a table showing a list of an on-voltage
drive voltage VL.CD, a rise response time (dark to bright) and
a fall response time (bright to dark) of each of an NWTN unit,
a two-layer TN unit and a VA unit, respectively during static
driving and multiplex driving at a 1/2 to 1/4 duty. A rise
response time and fall response time are represented in the
unit of ms.

[0160] A relative transmittivity is incorporated having a
transmittivity of 0% in the steady state upon application of a
dark display voltage and a transmittivity of 100% in the
steady state upon application of a bright display voltage. A
rise response time from dark display to bright display is
defined as a time taken for the relative transmittivity to rise
from 0% to 90%, and a fall response time from bright display
to dark display is defined as a time for the relative transmit-
tivity to fall from 100% to 10%.

[0161] Although a response time depends on settings of the
drive voltage VLCD, there is a tendency that the rise response
time prolongs as a duty become large, particularly for the
two-layer TN unit and VA unit. There also appears a tendency
that a response time is shortened as the drive voltage VL.CD is
made high, for the fall response of the two-layer TN unit and
VA unit.

[0162] Tt can be considered from comparison between the
NWTN unit and the normally black type two-layer TN unit
and VA unit that there is a tendency that the normally black
type unit has a longer fall response time than that of the
NWTN unit.

[0163] FIG. 15B is a table showing a list of an on-voltage
drive voltage VL.CD and a rise response lag time (0 to 10%
time) of each of an NWTN unit, a two-layer TN unit and a VA
unit, respectively during static driving and multiplex driving
at al/2 to 1/4 duty. A rise response lag time is represented in
the unit of ms. The rise response lag time is defined as a time
for the relative transmittivity to rise from 0% to 10%.

[0164] There is a tendency that the rise response lag time
shortens as the duty becomes large, for the NWTN unit. There
is a tendency that the rise response lag time of the two-layer
TN unit prolongs as the duty becomes large. Therise response
lag time of the VA unit has less dependency upon the duty.
There is however a tendency that the rise response lag time
prolongs during driving at a 1/2 to 1/4 duty more than during
static driving.

[0165] It can be considered from comparison between the
NWTN unit and the normally black type two-layer TN unit
and VA unit that there is a tendency that the normally black
type unit has a longer rise response lag time than that of the
NWTN unit.
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[0166] As the fall response time prolongs, it is necessary
that the blank time in the subframe is set longer in order to
avoid color purity from being lowered. However, as the blank
time becomes long, the backlight emission time shortens,
leaving a fear of a lowered display luminance.

[0167] As described above, although the normally black
type unit is suitable for use with aliquid crystal display device
having an improved display quality, there is a tendency that
the fall response time becomes long as compared to that of the
normally white type unit so that it becomes relatively difficult
to retain a long backlight emission time. An FS driving
method has been long desired which can obtain a long back-
light emission time even if the method is used for the normally
black type unit.

[0168] Next, the FS driving method of this kind will be
studied. A display unit of bright display in one subframe
(hereinafter called a first subframe) is maintained to have
bright display or changed to dark display in the next subframe
(hereinafter called a second subframe). Even if the bright
display is switched to the dark display, a transmittivity will
not be lowered instantaneously as shown in FIG. 15A and
FIG. 19. Even if dark display is switched to bright display of
the display unit in the second subframe, a transmittivity will
not be increased instantaneously as shown in FIGS. 15A and
15B.

[0169] If emission color of the backlight corresponding to
the display pattern of the first subframe is continued to be
turned on during an initial period of the second subframe in
the rise response lag time (in the time until the transmittivity
reaches 10%) shown in FIG. 15B, it can be considered that
color purity can be suppressed from being lowered by light
leak of the emission color into the display unit switched to
brightdisplay in the second subframe, and that aluminance of
the display unit corresponding to the display pattern of the
first subframe can be improved.

[0170] Namely, the backlight of emission color corre-
sponding to the display pattern of the first subframe is turned
onin the first subframe and made to be continuously turned on
in the initial period of the second subframe following imme-
diately after the first subframe. It can be considered thata long
backlight emission time can be retained and a display lumi-
nance can be improved while the color purity is suppressed
from being lowered.

[0171] As described with reference to FIGS. 15A and 15R,
the normally black type unit (two-layer TN unit and VA unit)
has a relatively long rise response lag time so that a longer
prolonged emission time can be retained. Further, since a fall
response time is relatively long, the display unit switching
from bright display to dark display has a relatively high
transmittivity during the prolonged emission time. From this
viewpoint, the FS driving method of prolonging the backlight
emission time to the initial period of the next subframe is
effective for improving a display luminance of a liquid crystal
display using a normally black type unit.

[0172] In a display unit switching from bright display to
bright display by the normal FS driving method, an emission
time prolongs while the bright display is maintained, and high
luminance improvement can be expected.

[0173] Next, the FS driving method according to the fifth
embodiment will be described. Used is a liquid crystal display
device under multiplex driving at a 1/2 duty and a 1/2 bias
described in the first embodiment with reference to FIG. 5A.
Namely, the liquid crystal device uses one common electrode
101 and one common electrode 102 for two display areas A
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and B respectively. As the liquid crystal display unit, a nor-
mally black type two-layer TN unit is used.

[0174] FIG. 16 is a timing chart showing timings of drive
waveforms of the common electrodes 101 and 102 and back-
light emission in the display areas A and B, respectively of a
liquid crystal display device. Similar to the first embodiment
(FIG. 8). one frame was set to 16.7 ms and divided at an equal
pitch into three subframes SB1 to SB3 of 5.57 ms for RGB
emission, a drive frequency was set to about 360 Hz, and a
scan time per common electrode was set to about 0.7 ms. Also
similar to the first embodiment, a drive sequence of the dis-
play area B is set to the drive sequence of the display area A
shifted by a scan time per common electrode of 0.7 ms.
[0175] A current subframe backlight time L for turning on
the backlight of emission color corresponding to the display
pattern of the subframe is set after about 2.5 ms (refer to the
1/2 duty driving shown in FIG. 15A) for awaiting a fall
response completion of the two-layer TN unit after the start
time of the subframe to the end time of the subframe. The
current subframe backlight emission time L is about 3.07 ms.
This backlight emission time is the same as that by the driving
method similar to that of the first embodiment.

[0176] In the fifth embodiment, a preceding subframe
backlight emission time D is set starting from the start time of
the subframe by prolonging the turn-on of the backlight of
emission color corresponding to the display pattern of the
subframe immediately before. The preceding subframe back-
light emission time D is set to a rise response lag time of 1.18
ms (refer to the 1/2 duty driving shown in FIG. 15B) of the
two-layer TN unit.

[0177] A blank time B for turning off the back light is 1.32
ms which is 2.5 ms for awaiting a fall response completion
(corresponding to the blank time B of the first embodiment),
subtracted by the preceding subframe backlight emission
time of 1.18 ms.

[0178] The backlight emission time per one color is about
4.25 ms prolonged by 1.18 ms from 3.07 ms, because the
preceding subframe backlight emission time is incorporated.
By prolonging the backlight emission time, a display lumi-
nance can be improved.

[0179] Visual states were compared between the liquid
crystal display device using a two-layer TN unit driven by the
method of the fifth embodiment shown in the timing chart of
FIG. 16 and the device driven by the method similar to the first
embodiment shown in the timing chart of FIG. 8 (the driving
method not incorporating the preceding subframe backlight
emission time). It was confirmed that although there was
hardly a difference of color purity between both the embodi-
ments, a display luminance of the fifth embodiment was
improved definitely.

[0180] Next, the FS driving method according to the sixth
embodiment will be described. Used is a liquid crystal display
device under multiplex driving at a 1/4 duty and a 1/3 bias
described in the third embodiment with reference to FIG.
11A. Namely, the liquid crystal device uses two common
electrodes 121 and 122 and two common electrodes 123 and
124 for two display areas A and B, respectively. As the liquid
crystal display unit, a normally black type two-layer TN unit
is used.

[0181] FIG. 17 is a timing chart showing timings of drive
waveforms of the common electrodes 121 and 124 and back-
light emission in the display areas A and B. Similar to the third
embodiment (FIG. 12), one frame was set to 16.7 ms and
divided at an equal pitch into three subframes SB1 to SB3 of
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5.57 ms for RGB emission, a drive frequency was set to about
180 Hz, and a scan time per common electrode was set to
about 0.7 ms. Also similar to the third embodiment, a drive
sequence of the display area B is set to the drive sequence of
the display area A shifted by a scan time per two common
electrodes of 1.4 ms.

[0182] A current subframe backlight time L for turning on
the backlight of emission color corresponding to the display
pattern of the subframe is set to a period after a scan time of
0.7 ms per common electrode from the start time of the
subframe and after a fall response time of the VA unit of about
3.48 ms (refer to the 1/4 duty driving in FIG. 15A), to the end
time of the subframe. The current subframe backlight emis-
sion time L is about 1.39 ms.

[0183] In the sixth embodiment, a preceding subframe
backlight emission time D is set starting from the start time of
the subframe by prolonging the turn-on of the backlight of
emission color corresponding to the display pattern of the
subframe immediately before. The preceding subframe back-
light emission time D is set to a rise response lag time of 2.28
ms (refer to the 1/4 duty driving shown in FIG. 15B) of the VA
unit.

[0184] A blank time B is about 1.89 ms which is 4.17 ms
(0.7 ms for scan standby time +3.48 ms for awaiting a fall
response completion) subtracted by the preceding subframe
backlight emission time of 2.28 ms.

[0185] The backlight emission time per one color is about
3.67 ms prolonged by 2.28 ms from 1.39 ms, because the
preceding subframe backlight emission time is incorporated.
By prolonging the backlight emission time, a display lumi-
nance can be improved.

[0186] Visual states were compared between the liquid
crystal display device using a VA unit driven by the method of
the sixth embodiment shown in the timing chart of FIG. 17
and the device driven by the method similar to the third
embodiment shown in the timing chart of FIG. 12 (the driving
method not incorporating the preceding subframe backlight
emission time). It was confirmed that although there was
hardly a difference of color purity between both the embodi-
ments, a display luminance of the sixth was improved defi-
nitely.

[0187] One subframe time S is divided into the preceding
subframe backlight emission time D, blank time B and cur-
rent subframe backlight emission time L. Namely, S=D+B+
L.

[0188] In the subframe, awaiting a fall response time, the
current subframe backlight emission time [ is set for turning
on the emission color corresponding to the subframe. How-
ever, if the fall response time becomes very long due to a low
temperature or the like, the fall response completion may
reach the end time of the subframe. In this case, the current
subframe backlight emission time L is 0.

[0189] However, if the backlight of this emission color is
turned on during the initial stage of the next subframe, the
emission time can be retained. Namely, even if the current
subframe backlight emission time L is 0, the preceding sub-
frame backlight emission time D is set not to 0, the emission
time can be retained.

[0190] TheFS driving method incorporating the preceding
subframe backlight emission time can be applied to the case
in which the backlight of emission color corresponding to the
display pattern of a subframe is not turned on during the
subframe, but it is turned on during the subframe immediately
thereafter.
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[0191] With the FS driving method incorporating the pre-
ceding subframe backlight emission time, even if the current
subframe backlight emission time L is not O or is 0, the
backlight of emission color corresponding to the display pat-
tern of the subframe is turned on during a period from some
time point in the subframe to some time point in the subframe
immediately thereafter.

[0192] As described above, a scan standby time SM is 0 at
Cmax=1 and (Cmax-(M-1))/(2fxN) in other cases wherein S
is a one subframe time, N (1/N duty driving) is the number of
commor electrodes of a liquid crystal display unit, fis a drive
frequency of the liquid crystal display unit, M is the number
of display areas, and Cmax is the maximum number of com-
mon electrodes belonging to a display area.

[0193] A sum of the preceding subframe backlight emis-
sion time D and blank time B is preferably not shorter than a
sum of the scan standby time SM and liquid crystal display
unit fall response time.

[0194] In the liquid crystal display devices of the first to
sixth embodiments, the display screen is divided into display
areas for one or more common electrodes, and the multiplex
FD driving is performed. It is therefore possible to reduce the
number of common electrodes to be scanned in each sub-
frame and shorten a scan standby time so that it is possible to
retain a long backlight emission time and improve a display
luminance.

[0195] In the embodiments described above, although the
backlight of emission colors is turned on in the frame in the
order of R, G and B, the order of emission colors may be
changed in the display areas because a difference in visual
states will not appear. For example, color emission may be
performedin the order of R, G and B in the display area A, and
in the order of G, B and R in the display area B. It is however
necessary to properly set a bright/dark display pattern in each
subframe in accordance with the order of emission colors.
Further, although primary colors of R, G and B are used as
backlight emission colors, other emission colors may also be
used.

[0196] Although the normal FS driving liquid crystal dis-
play device has been described by way of example in the
embodiments, a color break-less FS driving liquid crystal
display device may also be used. In the color break-less FS
driving, although bright display in each display unit is per-
formed only in one subframe of one frame, desired color
display can be performed through color mixture display by
turning on a light source of a plurality of colors at the same
time. In the color break-less FS driving, by changing emission
color in each display area during one frame, the number of
simultaneous emission colors in the display screen can be
increased.

[0197] In the above-described embodiment, although one
frame is divided into three subframes, the number of sub-
frames, two or more subframes, may be selected in accor-
dance with a necessary display style. If necessary, the frame
may be divided at different pitches. One frame period may be
changed for each one frame display, and the subframe period
is changed correspondingly.

[0198] The liquid crystal display devices and FS driving
methods of the first to sixth embodiments may be applied to
the following products. The products include a vehicle
mounted information display device having a segment dis-
play unit or a segment display unit and a dot matrix display
unit, a display unit for car audio, and an operation panel
display unit of a business machine such as a copy machine.
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[0199] Next, description will be made on liquid crystal
display devices according to the seventh to tenth embodi-
ments.

[0200] In the color break-less FS driving, (M+1) colors
(emission colors and black) can be displayed in one frame. If
the number of display colors is desired to be increased in the
same frame, it is necessary to increase the number M of
subframes. However, as the number M of subframes
increases, a time assigned to each subframe in one frame
period is shortened so that a display luminance of the display
device lowers or there is a fear of a lowered color purity
because of an insufficient blank time.

[0201] A backlight emission color may be changed in each
fame. For example, 2xM+1 colors can be displayed in two
frames. This provides similar effects of setting low a substan-
tial frame frequency. Depending upon frame frequency set-
tings, flicker may appear in the display.

[0202] As the number of subframes is reduced, display
flicker can be suppressed and a display luminance and color
purity can be improved. A relatively good display state can be
obtained even if a response speed of the liquid crystal display
unit is relatively low. However, if the number of subframes is
small, the number of display colors in one frame reduces and
the degree of display freedom is degraded.

[0203] It has been long desired to provide techniques
capable of improving a display luminance and increasing the
number of display colors of a liquid crystal display device
under color break-less FS driving.

[0204] With reference again to FIG. 1, description will be
made on the common structure to color break-less FS driving
liquid crystal display devices according to the seventh to tenth
embodiments.

[0205] Each of liquid crystal display units 1 of the seventh
to tenth embodiments has at least one common electrode and
a plurality of groups of segment electrodes for segment dis-
play facing the common electrode(s). A display screen is
divided into display areas A, B and the like for each group of
segment electrodes.

[0206] The backlight 2 can perform multicolor emission
similar to the first to sixth embodiments.

[0207] The drive unit 3 synchronously drives the liquid
crystal display unit 1 and each multicolor light source LS at
desired timings to perform color break-less IFS driving. In the
color break-less FS driving bright display is performed only
in one subframe of the frame in each segment display unit.
Desired color display not only primary color display but also
color mixture display turning on the light source ofa plurality
of colors at the same time can be performed in each subframe.
[0208] The liquid crystal display unit 1 may use, for
example, an NWTN mode liquid crystal display unit (refer to
FIGS. 2A to 2C and corresponding description), a two-layer
TN mode liquid crystal display unit (refer to FIG. 3 and
corresponding description) and a VA mode liquid crystal
display unit (refer to FIG. 4 and corresponding description).
[0209] Next, the liquid crystal display device of the seventh
embodiment will be described. In the seventh embodiment,
the liquid crystal display unit is an NWTN unit having a
non-display area being light shielded with a metal black mask
and patterned wirings for static driving. The drive unit per-
forms static driving. FIG. 24A shows a display pattern of the
liquid crystal display unit 1.

[0210] The liquid crystal display unit 1 has one common
electrode 301, a 1-segment display unit 302 for displaying a
character string of “STANLEY”, a 1-segment display umt
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303 for displaying a character string of “R & D”, and a
7-segment display unit of two digits (a 7-segment display unit
304 for left digit and a 7-segment display unit 305 for right
digit). Segment electrodes of all display units 302 to 305 face
the common electrode 301. Fach display unit and the segment
electrodes for the display unit are represented by the same
reference numeral when necessary.

[0211] In the liquid crystal display device of the seventh
embodiment, the base is black/white display, and color dis-
play is performed partially. The background is black display.
The character display unit 302 of “STANLEY” is orange
display, the character display unit 303 of “R & D” is white
display, the left 7-segment display unit 304 is white display,
and the right 7-segment display unit 305 is blue display.
[0212] Asshown in FIG. 30, inorder to distinguish between
segments constituting the 7-segment display unit, an upper-
most horizontal bar is represented by an alphabet a, an upper
right vertical bar is represented by an alphabet b, a lower right
vertical bar is represented by an alphabet ¢, a lower most
horizontal bar is represented by an alphabet d, a lower left
vertical bar is represented by an alphabet e, an upper left
vertical bar is represented by an alphabet f and a center
horizontal bar is represented by an alphabet g.

[0213] FIG. 24B shows display areas of the liquid crystal
display device of the seventh embodiment. The display screen
is divided into two display areas A and B. The display area A
is set being inclusive of a group constituted of the character
display unit 302 of “STANLEY” and the left 7-segment dis-
play unit 304, and the display area B is set being inclusive of
a group constituted on the character display unit 303 of “R &
D” and the right 7-segment display unit 305. A border 306
between the display areas A and B is disposed at the center
between the right edge of the left 7-segment display unit 304
and the left edge of the right 7-segment display unit 305.
[0214] The backlight may be the side light type described
with reference to FIG. 6 or the just-under type described with
reference to FIG. 7.

[0215] In order for the segment display unit in the display
area A and the segment display unit in the display area B to be
illuminated separately with the multicolor light sources LSA
and LSB, it is preferable that a distance between the segment
display units is sufficiently long. A shortest distance between
the segment display units included in adjacent display areas (a
shortest distance between display pixels) is preferably not
shorter than 1 mm, or more preferably not shorter than 2 mm.
In this embodiment, a distance between the right edge of the
left 7-segment display unit 304 and the left edge of the right
7-segment display unit 305 is set to 2.5 mm.

[0216] Next, consideration will be made on a liquid crystal
display device whose display screen is not divided into a
plurality of display areas, as a comparative example. In the
liquid crystal display device of the comparative example, the
whole display pattern shown in FIG. 24A is displayed by
using a backlight having one multicolor light source.

[0217] Next, description will be made on the FS driving
method for the liquid crystal display devices of the seventh
embodiment and the comparative example. FI1G. 25 is a tim-
ing chart showing timings of drive voltages applied across the
common electrode 301 and the segment electrodes 302, 303,
3044 and 3054 and emission of the backlight in the display
areas A and B, respectively of the liquid crystal display device
of the seventh embodiment. FIG. 31 is a timing chart showing
timings of drive voltages applied across the common elec-
trode and segment electrodes 302, 303, 3044 and 3054 and



US 2009/0058794 A1

emission of the backlight, respectively of the liquid crystal
display device of the comparative example. The lowermost
segments 3044 and 3054 are used as representative segments
of both the left and right 7-segment display units 304 and 305.
[0218] In the embodiment and comparative example, one
frame was setto about 16.7 ms, subframes were setat an equal
pitch, and a blank time B was set to about 2.5 ms. A backlight
emission time [ is a period after the blank time B from the
start time of the subframe to the end time of the subframe. A
drive waveform applied to each segment was a rectangular
wave, a drive voltage was set to V=6 V rms, and a drive
frequency was set to about 720 Hz. A normally white type is
assumed for the liquid display unit for both the embodiment
and comparative example.

[0219] First, the timing chart (FIG. 31) of the comparative
example will be described. The segment display units 302,
303, 3044 and 3054 are orange display, white display, white
display and blue display, respectively. It is therefore neces-
sary to display three emission colors of orange, white, blue in
one frame, and the number of subframes is *“3”.

[0220] In this example, white display is performed for the
segment display units 303 and 3044 in a first subframe SB1,
orange display is performed for the segment display unit 302
in a second subframe SB2, and blue display is performed for
the segment display unit 3054 in a third subframe SB3.
[0221] Each subframe time is about 5.57 ms obtained
through equal division of one frame period of 16.7 ms by 3.
Since the subframe time is set to 5.57 ms, the blank time 0f 2.5
ms is subtracted from the subframe time to obtain a backlight
emission time of about 3.07 ms in each subframe.

[0222] Next, the timing chart (FIG. 25) of the seventh
embodiment will be described. In the seventh embodiment,
the color break-less F'S driving for the display areas A and B
is performed in parallel in the same frame. Since emission
color in the frame can be made different in the display areas A
and B, the number of subframes can be reduced more than that
of the comparative example.

[0223] Necessary display colors can be obtained at a sub-
frame number of “2”. In this example, in the display area A,
white display is performed for the segment display unit 3044
in a first subframe SB1, and orange display is performed for
the segment display unit 302 ina second subframe SB2. In the
display area B, white display is performed for the segment
display unit 303 in the first subframe SB1, and blue display is
performed for the segment display unit 3054 in the second
subframe SB2.

[0224] Each subframe time is about 8.35 ms obtained
through equal division of one frame period of 16.7 ms by 2.
Since the subframe time is set to 8.35 ms, the blank time of 2.5
ms is subtracted from the subframe time to obtain a backlight
emission time of about 5.85 msin each subframe. As compare
to the comparative example backlight emission time of 3.07
ms, the emission time can be prolonged by about 1.9 times
and it is expected that the display luminance can be improved
considerably. Assuming that an equal display luminance is
obtained for both the seventh embodiment and comparative
example, aluminance of the backlight of the embodiment can
be suppressed lower.

[0225] Visual states were observed by manufacturing the
liquid crystal display device of the seventh embodiment
under FS driving shown in the timing chart of FIG. 25 and the
comparative example liquid crystal display device under FS
driving shown in the timing chart of FIG. 31. It was confirmed
that both the embodiment and comparative example showed
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the display state as intended and that the embodiment had
definitely a considerably high display luminance.

[0226] By distributing display areas for each group of the
segment display unit and performing FS driving in parallel for
a plurality of display areas, display colors larger in number
than the subframe number M+1 can be obtained in one frame.
Display colors of BVxM+1 are possible where BV is the
number of display areas.

[0227] In order to obtain display colors same in number as
that of the comparative example as in the case of the seventh
embodiment, the number of subframes per frame can be
reduced, and the subframe time can be prolonged without
prolonging the frame period. It is therefore possible to pro-
long the backlight emission time in each subframe and
improve the display luminance. If the same number of sub-
frames as that ofthe comparative example is used, the number
of displayable colors can be increased more than that of the
comparative example.

[0228] Although the liquid crystal display unit of static
driving is assumed in the seventh embodiment, multiplex
driving is required for a larger display capacity.

[0229] Next, description will be made on the liquid crystal
display device of the eighth embodiment under multiplex
driving. An NWTN unit is assumed as the liquid crystal
display unit, similar to the seventh embodiment. FIG. 26 A
shows a display pattern of a liquid crystal display unit 1. This
example shows a display pattern on the assumption using a
clock display and a temperature display in a vehicle interior.
[0230] The liquid crystal display unit 1 of the eighth
embodiment has: four common electrodes 311 to 314; a
1-segment display unit 315 for displaying a character string
“AM”, a display unit 316 for displaying a time constituted of
a 7-segment display unit of three digits for displaying hour
and minute and a segment display unit 316/ for displaying a
colon disposed between hour and minute displays; 1-segment
display units 317 (left) and 318 (right) for displaying a char-
acter string “TEMP”; and 7-segment display units of two
digits 319 (left) and 320 (right).

[0231] A segment electrode of the display unit 315 faces the
common electrode 311, segment electrodes of the display unit
316 face the common electrode 312, segment electrodes of
the display units 317 and 318 face the common electrode 313
and segment electrodes of the display units 319 and 320 face
the common electrode 314.

[0232] Namely, a select voltage is applied to the segment
electrode 315 when the common electrode 311 is scanned, to
the segment electrodes 316 when the common electrode 312
is scanned, to the segment electrodes 317 and 318 when the
common electrode 313 is scanned, and to the segment elec-
trodes 319 and 320 when the common electrode 314 is
scanned.

[0233] Similar to the seventh embodiment, the background
is black display. The character display unit 315 for “AM” is
yellow display, the time display unit 316 is white display, the
character display units 317 and 318 for two character strings
“TEMP” are white display, the left 7-segment display unit of
two digits is red display, and the right 7-segment display unit
of two digits is blue display.

[0234] FIG. 26B shows display areas of the liquid crystal
display device of the eighth embodiment. The display screen
is divided into three display areas A to C. The display area A
is set to be inclusive of a group (i.e., time display unit) con-
stituted of the display units 315 and 316, the display area is set
to be inclusive of a group (i.e., left temperature display unit)
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constituted of the display areas 317 and 319; and the display
area C is set to be inclusive of a group (i.e., right temperature
display unit) constituted of the display units 318 and 320.
[0235] Borders 321 are defined among the display areas,
i.e., among the clock display unit, left temperature display
unit and right temperature display unit. The shortest distance
among the clock display unit, left temperature display unit
and right temperature display unit is maintained not shorter
than 2.5 mm.

[0236] The backlight has a multicolor light source for illu-
minating each of the display area and a light distribution
control structure for making illumination light beams not to
be mixed in the display areas A to C.

[0237] FIG.27is atiming chart showing timings of 1/4 duty
and 1/3 bias drive waveforms applied to the common elec-
trodes 311 to 314 and segment electrodes 315, 316/, 317,
318, 3194 and 3204 and emission of the backlight in the
display areas A to C according to the eight embodiment.
[0238] Used as representative segments are the colon dis-
play segment 316/ for the time display unit 316, the lower-
most segment 3194 of the left digit for the 7-segment display
unit 319 of two digits of left temperature display, and the
lowermost segment 3204 of the left digit for the 7-segment
display unit 320 of right temperature display.

[0239] A common select voltage is set to =V, and a pixel
enters an on-state when +Vb is applied to the segment. Since
the liquid crystal display unit is assumed to bean NWTN unit,
the on-state is dark display and the off-state is bright display.
[0240] One frame was set to 16.7 ms and divided equally
into two subframes. One subframe time is about 8.35 ms. A
drive frequency of a multiplex driving waveform applied to
the liquid crystal display unit was set to about 180 Hz. A scan
time per common electrode is about 0.7 ms.

[0241] Inthisexample,inthe display area A, yellow display
is performed for the segment 315 in a first subframe SB1, and
white display is performed for the segment 316/ in a second
subframe SB2. In the display area B, white display is per-
formed for the segment 317 in the first subframe SB1, and red
display is performed for the segment 3194 in the second
subframe SB2. In the display area C, white display is per-
formed for the segment 318 in the first subframe, and blue
display is performed for the segment 3204 in the second
subframe SB2.

[0242] Since there are a plurality of common electrodes as
different from static driving, a scan standby time C for await-
ing scanning a common electrode becomes necessary in order
to make uniform a display luminance of the liquid crystal
display unit. More specifically, the scan standby time is rep-
resented by C=(N-1)/(fx2N) where N is the number of com-
mon electrodes. In this embodiment, the scan standby time is
about 2.08 ms.

[0243] A backlight emission time L is set to a period after
2.08 ms for the scan standby time of 2.08 ms after the start
time of the subframe and after about 2.5 ms for the blank time
B, to the end time of the subframe. The backlight emission
time L is about 3.77 ms.

[0244] Four colors of yellow, white, red and blue are
required as emission colors of this embodiment. If the display
screen is not divided into a plurality of display areas, i.e., if
four emission colors are displayed in one frame, four sub-
frames are required so that a subframe time becomes short
and itis not easy to retain a sufficient backlight emission time.
[0245] Similar to the seventh embodiment, also in the
eighth embodiment, by distributing the segment display units
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to aplurality of display areas, the number of subframes can be
reduced and a backlight emission time can be prolonged by
retaining a long subframe time. An improved display lumi-
nance can therefore be expected. Visual states were observed
by manufacturing the liquid crystal display device under FS
driving shown in the timing chart of FIG. 27, and it was
confirmed that the display state as intended was obtained.

[0246] Itisalso possible to improve a display luminance by
prolonging the backlight emission time to the rise response
lag time of a liquid crystal display unit, as in the following
ninth and tenth embodiments (refer to the description with
reference to FIGS. 15A and 15B and the fifth and sixth
embodiments).

[0247] First, the FS driving method of the ninth embodi-
ment will be described. A liquid crystal display device used is
the liquid crystal display device under static driving described
in the seventh embodiment with reference to F1G. 24 A. How-
ever, a normally black type two-layer TN unit is used as the
liquid crystal display unit. Contrary to the seventh embodi-
ment, a bright display state enters during an on-state of a drive
voltage, and a dark display state enters during an off-state.
[0248] FIG. 28 is a timing chart showing timings of drive
voltages applied across the common electrode 301 and the
segment electrodes 302, 303, 3044 and 3054 and emission of
the backlight in the display areas A and B. Similar to the
seventh embodiment, one frame was set to 16.7 ms and
divided at an equal pitch into two subframes SB1 and SB2 of
8.35 ms each. A drive frequency was set to about 720 Hz.

[0249] A current subframe backlight time L for turning on
the backlight of emission color corresponding to the display
pattern of the subframe is set to a period after about 3.54 ms
(refer to the static driving shown in FIG. 15A) for awaiting a
fall response completion of the two-layer TN unit after the
start time of the subframe to the end time of the subframe. The
current subframe backlight emission time L is about 4.81 ms.

[0250] In the ninth embodiment, a preceding subframe
backlight emission time D is set starting from the start time of
the subframe by prolonging the turn-on of the backlight of
emission color corresponding to the display pattern of the
subframe immediately before. The preceding subframe back-
light emission time D is set to a rise response lag time of 1.76
ms (refer to the static driving shown in FIG. 15B) of the
two-layer TN unit.

[0251] The backlight emission time per one color is about
6.57 ms prolonged by 1.76 ms from 4.81 ms, because the
preceding subframe backlight emission time is incorporated.
By prolonging the backlight emission time, it is expected that
a display luminance can be improved.

[0252] Visual states were compared between the liquid
crystal display device using a two-layer TN unit driven by the
method of the ninth embodiment shown in the timing chart of
FIG. 28 and the device driven by the method similar to the
seventh embodiment shown in the timing chart of FIG. 25 (the
driving method not incorporating the preceding subframe
backlight emission time). In the driving method not incorpo-
rating the preceding subframe backlight emission time simi-
lar to the seventh embodiment, since the two-layer TN unit is
used, on/off of the drive waveform was reversed from that of
the seventh embodiment, and the blank time was set to about
3.5 ms and the backlight emission time was set to about 4.85
ms. Although a display state as intended was obtained for
both the devices, it was confirmed that a display luminance of
the ninth embodiment was improved definitely.
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[0253] Next, the FS driving method of the tenth embodi-
ment will be described. A liquid crystal display device used is
the liquid crystal display device under multiplex driving at the
1/4 duty described in the eighth embodiment with reference
to FIG. 26 A. However, a normally black type VA unit is used
as the liquid crystal display unit. Contrarily to the eighth
embodiment, a bright display state enters during an on-state
of a drive voltage. and a dark display state enters during an
off-state.

[0254] FIG. 29 is a timing chart showing timings of drive
waveforms at a 1/4 duty and 1/3 bias applied across the
common electrodes 311 to 314 and the segment electrodes
315, 3164, 317, 318, 3194 and 3204 and emission of the
backlight in the display areas A to C.

[0255] Similar to the eighth embodiment, a common select
voltage is set to =V, and a pixel enters an on-state when Vb
is applied to the segment. However, in the tenth embodiment,
since the liquid crystal display unit is assumed to be a VA unit,
the on-state is bright display and the off-state is dark display.

[0256] Similar to the eighth embodiment, one frame was set
to 16.7 ms and divided at an equal pitch into two subframes.
One subframe time is about 8.35 ms. A drive frequency of
multiplex driving waveforms applied to the liquid crystal
display unit was set to about 180 Hz. A scan time per common
electrode is about 0.7 ms and a scan standby time is about 2.08
ms.

[0257] A current subframe backlight time L for turning on
the backlight of emission color corresponding to the display
pattern of the subframe is set to a period after a scan standby
time of 2.08 ms after the start time of the subframe and after
about 3.48 ms (refer to the static driving shown in FIG. 15A)
for awaiting a fall response completion of the VA unit to the
end time of the subframe. The current subframe backlight
emission time L is about 2.79 ms.

[0258] In the tenth embodiment, a preceding subframe
backlight emission time D is set starting from the start time of
the subframe by prolonging the turn-on of the backlight of
emission color corresponding to the display pattern of the
subframe immediately before. The preceding subframe back-
light emission time D is set to a rise response lag time of 2.28
ms (refer to the 1/4 duty and 1/3 bias driving shown in FIG.
15B) of the VA unit.

[0259] The backlight emission time per one color is about
5.07 ms prolonged by 2.28 ms from 2.79 ms, because the
preceding subframe backlight emission time is incorporated.
By prolonging the backlight emission time, it is expected that
a display luminance can be improved.

[0260] Visual states were compared between the liquid
crystal display device using a VA unit driven by the method of
the tenth embodiment shown in the timing chart of FIG. 29
and the device driven by the method similar to the eighth
embodiment shown in the timing chart of FIG. 27 (the driving
method not incorporating the preceding subframe backlight
emission time). In the driving method not incorporating the
preceding subframe backlight emission time similar to the
eighth embodiment, since the VA unit is used, on/off of the
drive waveform was reversed from that of the eight embodi-
ment, and the blank time to be set after the scan standby time
2.08 ms was set to about 3.48 ms and the backlight emission
time was set to about 2.79 ms. It was confirmed that a display
luminance of'the tenth embodiment was improved definitely.

[0261] One subframe time Sis represented by S=D+B+L if
C<D and by S=D+(C-D)+B+L if C>D, where C is a scan
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standby time, D is a preceding subframe backlight emission
time, B is a blank time and L is a current subframe backlight
emission time.

[0262] In the subframe, awaiting a fall response time, the
current subframe backlight emission time L is set for turning
on the emission color corresponding to the subframe. How-
ever, if the fall response time becomes very long due to a low
temperature or the like, the fall response completion may
reach the end time of the subframe. In this case, the current
subframe backlight emission time L is 0.

[0263] However, if the backlight of this emission color is
turned on during the initial stage of the next subframe, the
emission time can be retained. Namely, even if the current
subframe backlight emission time L is 0, the preceding sub-
frame backlight time D is set not to 0 and the emission time
can be retained.

[0264] TheFS driving method incorporating the preceding
subframe backlight emission time can be applied to the case
in which the backlight of emission color corresponding to the
display pattern of a subframe is not turned on during the
subframe, but itis turned on during the subframe immediately
thereafter.

[0265] With the FS driving method incorporating the pre-
ceding subframe backlight emission time, even if the current
subframe backlight emission time L is not O or is 0, the
backlight of emission color corresponding to the display pat-
tern of the subframe is turned on during a period from some
time point in the subframe to some time point in the subframe
immediately thereafter.

[0266] As described above, a scan standby time C is repre-
sented by C=(N-1)/(fx2N), wherein S is a one subframe time,
N (I/N duty driving) is the number of common electrodes of
a liquid crystal display unit, and f is a drive frequency of the
liquid crystal display unit. A sum of the preceding subframe
backlight emission time D and blank time B is preferably set
not shorter than a sum of'the scan standby time SM and liquid
crystal display unit fall response time.

[0267] Inthe liquid crystal display devices of the seventh to
tenth embodiments, the color break-less FS driving is per-
formed for each display area set to each group of segment
electrodes. Therefore, for example, it is possible to reduce the
number of subframes necessary for one frame so that a back-
light emission time can be prolonged and a display luminance
can be improved.

[0268] In the embodiments described above, although the
subframes are set by equal division, the subframes may be set
by unequal division. The number M of subframes is not
smaller than 2. One frame period may be made different for
each frame or for a plurality of frames, and the subframe time
is changed correspondingly.

[0269] In the above-described embodiments, the static
driving and the 1/4 duty and 1/3 bias multiplex driving have
been considered. The duty is not limited to the 1/4 duty, but it
may be a 1/2 to 1/16 duty, preferably a 1/2 duty to 1/9 duty.
[0270] The liquid crystal display devices and FS driving
methods of the seventh to tenth embodiments may be applied
to the following products. The products include a vehicle
mounted information display device having a segment dis-
play unit or a segment display unit and a dot matrix display
unit, a display unit for car audio, and an operation panel
display unit of a business machine such as a copy machine.
[0271] Next, description will be made on liquid crystal
display devices according to the eleventh to thirteenth
embodiments.
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[0272] 1In the liquid crystal display device under multiplex
driving, as the display capacity increases and the number of
scan lines increases, a response speed of liquid crystal lowers
so thata display luminance and color purity of the display unit
may be degraded or a display may have a flicker. This ten-
dency is increased particularly in the case wherein the display
unit has a dot matrix display unit.

[0273] For the liquid crystal display having a display unit
having segment display or a mixture of segment display and
dot matrix display, it has been long desired to provide tech-
niques capable of color break-less FS driving with an
improved display luminance and color purity during multi-
color display.

[0274] With reference again to FIG. 1, description will be
made on the common structure to FS driving liquid crystal
display devices according to the seventh to tenth embodi-
ments.

[0275] A liquid crystal display unit has at least one com-
mon electrode and a plurality of groups of segment electrodes
for segment display facing the common electrode.

[0276] Display areas (e.g., A and B) are formed for groups
of segment electrodes and correspond to display areas of the
backlight 2.

[0277] Thebacklight 2 is disposed on the back of the liquid
crystal display unit 1, and includes a multicolor light source
LS disposed for each display area and a light distribution
control structure for making light emitted from each multi-
color light source LS be radiated only to a corresponding
display area. Fach multicolor light source LS is constituted of
an LED capable of emitting a single color or a plurality of
colors, and can be tuned on at an independent timing.
[0278] The drive unit 3 synchronously drives the liquid
crystal display unit 1 and each backlight 2 at desired timings.
The backlight 2 radiates the same color always at least during
one frame or a plurality of colors through color break-less FS
driving, depending upon each display area. Inthe color break-
less FS driving, bright display of each segment display unit is
performed only in one subframe per frame, and a desired
color display is obtained by primary color display or mixture
color display through simultaneous emission of a plurality of
light sources, respectively in one subframe.

[0279] The liquid crystal display unit 1 may be an NWTN
mode liquid crystal display unit (refer to FIGS. 2A to 2C and
corresponding description), a two-layer TN mode liquid crys-
tal display unit (refer to FIG. 3 and corresponding descrip-
tion) or a VA mode liquid crystal display unit (refer to FIG. 4
and corresponding description).

Eleventh Embodiment

[0280] The present inventor has studied a display method
for a liquid crystal display unit and has invented a display
method of displaying a partial display area with the same
color always during one frame and displaying the other dis-
play area with a plurality of colors by FS driving.

[0281] FIG. 32A shows a display example 1 of a liquid
crystal display unit. In the display example 1, a clock display
unit is disposed at an upper stage, a temperature display unit
is disposed at a lower stage, and the clock display unit is
always white display. Color of the temperature display unit is
desired to be changed.

[0282] In FIG. 32A, a segment 1 displays “AM” of the
clock display unit in white display color. A segment 2 dis-
plays “: (colon)” of the clock display unit in white display
color. 7-segment units of four digits of the clock display umt
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are also displayed in white display color. A segment 3 dis-
plays “TEMP” at the left of the temperature display unit in
white display color. A segment 4 displays the lowermost
horizontal bar of a 7-segment unit at the second digit in red
display color. All seven segments at the left of the temperature
display unit are displayed in red display color, and the seg-
ment 4 is derived as a representative segment of seven seg-
ments. Similarly, a segment 6 is derived as a representative
segment of seven segments at the right of the temperature
display unit, and displays the lowermost horizontal bar of the
second digits. The segment 6 is displayed in blue display
color. A segment 5 displays “TEMP” at the right of the tem-
perature display unit in white display color.

[0283] FIG. 32B shows an assignment example 1 of back-
light areas. As shown in FIG. 32B, a backlight area disposed
on the back of the liquid crystal display unit is divided into
backlight areas A and B at a position between the clock
display unit and temperature display unit. A drive unit is
provided for turning on a light source independently in each
backlight area.

[0284] The backlight may be the side light type described
with reference to FIG. 6 or the just-under type described with
reference to FIG. 7.

[0285] In order to prevent a backlight beam from leaking
from one area to another, a shortest distance between segment
display units included in adjacent display areas (shortest dis-
tance between display pixels) is preferably not shorter than 1
mm and more preferably not shorter than 2 mm. In the display
example, a distance between the lowermost end of the clock
display unit (area A) and the uppermost end of the tempera-
ture display unit (area B) is set to 2.5 mm.

[0286] FIG. 32C shows an example of common electrode
wirings. As shown, the clock display unit is connected to
common electrodes 1 and 2, and the temperature display unit
is connected to common electrodes 3 and 4.

[0287] Aselectsignal is applied to the segment 1 ata timing
when the common electrode 1 1s scanned, to the segment 2 at
the timing when the common electrode 2 is scanned, to the
segments 3 and 5 at the timing when the common electrode 3
is scanned, and to the segments 4 and 6 when the common
electrode 4 is scanned. As shown, the 7-segment units of four
digits of the clock display unit correspond to the common
electrode 1 or 2, and other segments of the temperature dis-
play unit correspond to the common electrode 3 or 4.

Embodiment 11-1

[0288] Next, voltage waveforms are shown to be applied to
each common electrode and each segment electrode. In this
example, description will be made by using an NWTN type
having a metal black mask in a non-display area.

[0289] FIG. 33 is a timing chart showing timings of drive
waveforms applied to common electrodes 1 to 4 and segment
electrodes 1 to 6 in one frame and emission of the backlight
areas A and B. Emission colors are also shown. A color
break-less driving method is used as the FS driving method.
As one frame is set to about 16.7 ms, the number M of
subframes is set to “3” because four display colors, white
(W), red (R), blue (B) and black (BK), are used. The frame is
divided at equal pitch into subframes of about 5.57 ms each.
A voltage applied to the liquid crystal display unit is a mul-
tiplex drive voltage at a 1/4 duty, a 1/3 bias and a frame
frequency f of 360 Hz. The number N of all scan (common)
lines is “4”, and a scan standby time C is set to about 2.09 ms
from C=(N-1)/(fxN).
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[0290] As a blank time for awaiting a response time of the
NWTN liquid crystal display unit is set to about 2.5 ms, a
backlight emission time in a subframe is about 0.98 ms.
However, since the clock display unit is displayed always in
white color, this backlight emission time is applied only to the
backlight area B. A white display luminance is compared
between the backlight areas A and B. If no countermeasure is
provided, there is a large luminance difference because a
white color emission time in one frame has a difference not
smaller than 17 times between the areas A and B. In order to
eliminate this luminance difference, it is necessary to lower a
luminance in the area A or increase a luminance in the area B,
by some countermeasure.

[0291] In order to lower the luminance in the area A, the
countermeasure is to reduce the number of light sources in the
area A or to reduce current to be flowed through a unit con-
stituting a light source.

Embodiment 11-2

[0292] Description will be made on a method of improving
a display luminance of the area B. In order to improve a
display luminance of the area B, it is sufficient if an emission
time per subframe is prolonged.

[0293] FIG. 34 shows an assignment example 2 of back-
light areas. As shown, the present inventor divides the area
into three areas A, B and C. The area A corresponds to aclock
display unit, the area B corresponds to a left temperature
display unit, and the area C corresponds to a right temperature
display unit. Emission of black+two colors (two colors may
differ in the areas B and C) was performed. In this manner, an
emission time per subframe is prolonged by reducing the
subframe number M to “2”.

[0294] FIG. 35 is a timing chart showing timings of drive
waveforms applied to common electrodes 1 to 4 and segment
electrodes 1 to 6 and emission of the backlight areas A, B and
C. Emission colors are also shown. One frame time is the
same as that of the embodiment 11-1, the subframe number M
was set to “2”, and one frame time was set to about 8.35 ms.
The multiplex drive waveforms are the same as those of the
embodiment 11-1 so that the scan standby time C is also about
2.09 ms. A backlight emission time L in the areas B and C is
3.76 ms which is 3.8 times that of the embodiment 11-1. A
luminance difference between the backlight area A and the
backlight areas B and C is 4.5 times smaller than that of the
embodiment 11-1. The liquid crystal display device was actu-
ally manufactured and visually observed. It was confirmed
that the luminance difference was improved considerably.
The liquid crystal display unit is the NWTN type similar to
the embodiment 11-1.

Embodiment 11-3

[0295] InFIG. 32C, the wirings of the common electrodes
3 and 1 may be exchanged and the wirings of the common
electrodes 4 and 2 may be exchanged. In the backlight area
division shown in FIG. 32B, the backlight area A is displayed
always in white color, and the area B is displayed intermit-
tently by FS driving.

[0296] The present inventor has invented a method of pro-
longing a backlight emission time by using only one common
electrode covering an intermittent display area, or if a plural-
ity of common electrodes are used, by scanning the electrodes
side by side and turning on the backlight at this scan timing.
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[0297] FIG. 36 is a timing chart showing timings of drive
waveforms applied to common electrodes 1 to 4 and segment
electrodes 1 to 6 in one frame and emission of the backlight
areas A and B. Emission colors are also shown. Similar to the
timing chart of FIG. 33, one frame is equally divided into
three subframes, and time settings of each period are similar
to those of the embodiment 11-1. However, a scan standby
time is different from that of the embodiment 11-1, and is 0.7
ms in the embodiment 11-3. As shown in FIG. 36, a backlight
emission time in the area Bis about 2.37 ms which is about 2.8
times that of the embodiment 11-1. A segment luminance in
the area B is about 1/6 that in the area A in a continuous
emission state, and a luminance difference is therefore
improved more than that of the embodiment 11-1.

[0298] Theliquid crystal display device of the embodiment
11-3 was actually manufactured and its visual states were
observed. It was confirmed that a luminance difference
between the backlight areas A and B was improved more than
that of the embodiment 11-1.

[0299] In this embodiment, the layout of common elec-
trodes is set in such a manner that common signals 1 and 2
(first and second signals in each subframe) are applied to each
common electrode corresponding to the temperature display
unit. Instead, wirings may be made in such a manner that
voltages applied to each common electrode corresponding to
the temperature display unitis aligned side by side on the time
axis. In this case, during the period from when the backlight
is turned on in a current subframe to when a common signal
corresponding to the common electrode is applied in the next
subframe, emission of the backlight of the same color can be
continued so that a long backlight emission time becomes
possible.

Embodiment 11-4

[0300] By adopting the assignment example 2 of backlight
areas shown in FIG. 34, the subframe number M can be set to
27, and the drive sequence of the embodiment 11-3 is com-
bined. As the scan standby time is set to about 0.7 ms and the
blank time B is set to about 2.5 ms, the backlight emission
time L is about 5.15 ms. A luminance can be set to about 1/3
that of a continuous emission area so that a visual luminance
difference reduces and a good display quality can be realized.

Twelfth Embodiment

[0301] In the above-described embodiments, the NWTN
type is adopted as the liquid crystal display unit. Next,
description will be made on a driving method using a nor-
mally black mode two-layer TN type and VA type. As the
two-layer type or VA type is used as the liquid crystal display
unit there is a tendency that a response time becomes longer
than using the NWTN type. Since there is a fear that a
response speed lowers further under a large duty condition, it
is necessary to have a long blank time, resulting in a short
backlight emission time and a lowered display luminance.
[0302] As will be described hereunder, a display luminance
may be improved by prolonging a backlight emission time to
a rise response lag time of a liquid crystal display unit (refer
to description made with reference to FIGS. 15A and 15B and
the fifth and sixth embodiments).

Embodiment 12-1

[0303] First, description will be made by using the VA type
as the liquid crystal display unit. The display pattern is the
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same as that shown in FIG. 32 A. The backlight area is divided
into the areas A and B shown in FIG. 32B. Wirings for the
common electrodes and segment electrodes, one frame time
and one subframe time are the same as those of the embodi-
ment 11-3. In this embodiment, a “preceding subframe (SB)
backlight emission continuation time” is provided so that in
the state that the backlight is turned on in a subframe, the
backlight is continued to be turned on for a predetermined
time even after switching to the next subframe. This utilizes a
slow response speed of a two-layer TN type liquid crystal cell.
Namely, during the period while a transmittivity of the liquid
crystal display unit changes hardly even if an electric signal
changes, the backlight of the same color is continued to be
turned on to thereby prolong an emission time and improve a
luminance.

[0304] FIG. 37 is a timing chart showing timings of drive
waveforms applied to common electrodes 1 to 4 and segment
electrodes 1 to 6 in one frame and emission of the backlight
areas A and B. Emission colors are also shown in FIG. 37.
[0305] One subframe time is represented by S, a preceding
SB backlight emission continuation time (including a scan
standby time C) is represented by D, a blank time is repre-
sented by B and a backlight emission time is represented by L.
A pattern can be displayed without lowering color purity if
D>0 even if L=0 and S=D+B.

[0306] A scanstandby time C is represented by C=(NN=1)/
(fxN) where NN is the number of scan lines in a display area
under FS driving, N is the total number of scan lines, and f'is
a frame frequency.

[0307] A sum D+B of the preceding backlight emission
continuation time D and blank time B is preferably set not
shorter than a sum of the scan standby time C and a response
time taken to change from bright display to dark display of the
liquid crystal display unit.

[0308] The scan standby time C of the embodiment 12-1 is
about 0.7 ms at a frame frequency f of360 Hz. The preceding
SB backlight emission continuation time D is set to about
2.28 ms which corresponds to a response lag time of the VA
type liquid crystal display unit under 1/4 duty and a 1/3 bias
driving, as shown in FIG. 37. The blank time B is set to 3.48
ms. Therefore, the preceding SB backlight emission time is
1.39 ms. The same backlight emission time Lsc is L+D=3.7
ms which is about 2.64 times that of L. and can obtain the
improved luminance effects. The (same color) backlight
emission time in the backlight area B is about 1/5 that of the
backlight area A.

[0309] Theliquid crystal display device of the embodiment
12-1 was manufactured and visual states were observed. The
improved luminance effects were obtained.

Embodiment 12-2

[0310] In order to realize the display of the embodiment
12-1, the backlight area may be divided as shown in F1G. 34.
In this case, a backlight emission time L in one subframe is
about 4.17 ms, and the same color backlight emission time
Lsc is about 6.45 ms as a sum of the emission time L and the
preceding SB backlight emission time D. Since the (same
color) backlight emission time in the backlight area B is about
not shorter than 1/3 that in the backlight area A, the drive
sequence of this embodiment can expect the further improved
luminance effects.

Embodiment 12-3

[0311] Although the embodiments 12-1 and 12-2 use the
VA type liquid crystal cell as the liquid crystal display unit,
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the embodiments may be applied to a two-layer TN type
liquid crystal display device. By using the drive sequence of
the embodiment 12-1, a blank time is 2.24 ms as shown in
FIG. 15A, and a backlight emission time L is 5.57-0.7-2.
24=2.63 ms. A preceding SB backlight emission continuation
time D may be set to 4.12 ms as shown in F1G. 15B. Since one
subframe is 5.57 ms, the same color backlight emission time
Lsc is 5.57 ms at a maximum.

Embodiment 12-4

[0312] As in the embodiment 12-2, as the backlight area is
divided such as shown in FIG. 34, the subframe number M
canbe set to “2”, and a time per subframe is about 8.85 ms. In
this case, a backlight emission time 1 is 8.85-2.94=5.91 ms.
In this case, the same color backlight emission time Lsc is
8.85 ms at a maximum so that the further improved luminance
effects can be obtained.

Thirteenth Embodiment
[0313] Thedisplay pattern is not limited to those described
above.
[0314] FIG. 38A shows a display pattern example 2. The

display pattern shown in FIG. 38A is a mixed pattern of
segment display units and a dot matrix display unit. As
shown, the display pattern 2 has segment display units for
displaying temperatures at the right and left. In the tempera-
ture display units, “TEMP” display units are white display.
7-segment display units of two digits at the right and left are
red (R) display at the left and blue (B) display at the right.
White display is performed for all dots in the 24x8 dot matrix
unit at the center.

[0315] FIG. 38B shows a division example of backlight
areas. As shown, the backlight area is divided into three areas:
right and left temperature display units (areas A and C) and a
dot matrix display unit (area B). The area B is in a continuous
emission state, and the areas A and C are under FS driving.
[0316] FIG. 38C is a wiring diagram of common elec-
trodes. As shown, common electrodes 1 to 8 are wired for 1/8
duty and 1/4 bias driving. Common electrodes corresponding
to the segment display units are disposed side by side (in the
example shown, wired to the common electrodes 1 and 2) so
that a backlight emission time can be prolonged similar to the
embodiment 11-3. Itis however necessary to set a period of a
drive frequency not longer than one subframe time (in the
case of two subframes, not longer than 8.35 ms).

[0317] A display color of the area B is not limited to white,
but a plurality of colors may be displayed by using a multi-
color light source.

[0318] Although the present invention has been described
in connection with the embodiments, the present invention is
not limited only to these embodiments. For example, sub-
frames may not be set through equal time division but may be
set through unequal division. One frame time may be changed
for each frame.

[0319] FIG. 39 shows a display pattern example 3. As
shown, a display pattern is divided and each divided area may
be driven by an independent wiring. Each divided display
area may be driven by a separate liquid crystal cell. In this
case, synchronization is made only when a display state is
changed, and synchronization is not necessary in the state that
a display state is unchanged.

[0320] Multiplex driving at a 1/2 duty to 1/16 duty is pref-
erably (in terms of display quality) at a 1/2 duty to 1/9 duty. If
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each divided area is driven by an independent wiring as
shown in FIG. 38, multiplex driving at a 1/2 duty to 1/8 duty
or preferably at a 1/2 duty to 1/4 duty can be performed. A
driving method may be a static driving method.

[0321] Ofbacklight areas (display areas), there may exist a
plurality of areas in a continuous emission state. A display
area in the continuous emission state may be controlled to be
switched in the frame unit basis of a drive waveform.

[0322] Thepresent invention has been described in connec-
tion with the embodiments. The present invention is not lim-
ited only to these embodiments, but it is obvious that various
modifications, improvements, combinations and the like can
be made by those skilled in the art.

What is claimed is:

1. A liquid crystal display device comprising:

aliquid crystal display unit including a plurality of divided

display areas;

a backlight having a light source provided for each of said

plurality of divided display areas; and

adrive unit for synchronizing a display state of said liquid

crystal display unit and an emission state of said back-
light.
2. The liquid crystal display device according to claim 1,
wherein:
said liquid crystal display unit includes a plurality of com-
mon electrodes to be sequentially applied with a drive
voltage and a segment electrode or segment electrodes
for segment display, facing each common electrode, and
said display area is provided for one or more common
electrodes;
each light source of said backlight provided for each of said
display areas includes a multicolor light source; and

said drive unit performs field sequential driving of multi-
plex driving by scanning said plurality of common elec-
trodes in such a manner that after all common electrodes
in one display area are scanned, a common electrode or
electrodes in the next display area start being scanned,
and by synchronizing scanning each common electrode
with an emission operation of said multicolor light
source in each of said display areas.

3. The liquid crystal display device according to claim 2,
wherein a shortest distance between display units in adjacent
display areas is not shorter than 1 mm.

4. The liquid crystal display device according to claim 2,
wherein said liquid crystal display unit includes a common
electrode under multiplex driving ata 1/2 duty to 1/8 duty, and
said drive unit performs multiplex driving at a 1/2 duty to 1/8
duty, correspondingly.

5. The liquid crystal display device according to claim 2,
wherein the number of display areas is 4 or smaller.

6. The liquid crystal display device according to claim 2,
wherein each of said display areas corresponds to one com-
mon electrode.

7. The liquid crystal display device according to claim 2,
wherein the number of common electrodes corresponding to
a first display area among said plurality of display areas is
larger than the number of common electrodes corresponding
to a second display area, and field sequential driving for the
second display area is performed at a timing shifting a timing
of field sequential driving for the first display area by a pre-
determined time.

8. The liquid crystal display device according to claim 2,
wherein said drive unit controls the emission state of said
backlight in such a manner that emission color corresponding
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to a display pattern of an arbitrary first subframe among a
plurality of subframes obtained through division of a frame is
displayed during a period from some time in said first sub-
frame to some time in a second subframe immediately after
said first subframe.
9. The liquid crystal display device according to claim 8,
wherein said drive unit displays the emission color corre-
sponding to the display pattern of said first subframe during a
period from a start time of said second subframe to a rise
response lag time from dark display to bright display of said
liquid crystal display unit.
10. The liquid crystal display device according to claim 2,
wherein said liquid crystal display unit is a normally black
type.
11. The liquid crystal display device according to claim 2,
wherein said drive unit performs color break-less field
sequential driving by controlling said liquid crystal display
unit in such a manner that each display unit displayed by said
segment electrode or segment electrodes becomes bright dis-
play only in one subframe per frame, and by controlling said
backlight in such a manner that the light source of a plurality
of colors becomes under emission at the same time in some
subframe.
12. The liquid crystal display device according to claim 1,
wherein:
said liquid crystal display unit includes a common elec-
trode structure having at least one common electrode
and a plurality of groups of segment electrodes for seg-
ment display, facing said common electrode structure,
and said divided display area is provided for each group
of segment electrodes;
each light source of said backlight provided for each of said
display areas includes a multicolor light source; and

said drive unit performs color break less field sequential
driving in each of said display areas by controlling said
liquid crystal display unit in such a manner that each
display unit displayed by said segment electrodes
becomes bright display only in one subframe per frame,
and by controlling said multicolor light source in such a
manner that an arbitrary light source is turned on in each
subframe.

13. The liquid crystal display device according to claim 12,
wherein a shortest distance between display units in adjacent
display areas is not shorter than 1 mm.

14. The liquid crystal display device according to claim 12,
wherein said backlight further includes a light distribution
structure for guiding each light beam emitted from said mul-
ticolor light source to a corresponding display area.

15. The liquid crystal display device according to claim 12,
wherein said liquid crystal display unit includes said common
electrode structure under static driving or multiplex driving at
a 1/2 duty to 1/16 duty, and said drive unit performs static
driving or multiplex color break-less field sequential driving
ata 1/2 duty to 1/16 duty, correspondingly.

16. The liquid crystal display device according to claim 12,
wherein said drive unit controls the emission state of said
backlight in such a manner that emission color corresponding
to a display pattern of an arbitrary first subframe is displayed
during a period from some time in said first subframe to some
time in a second subframe immediately after said first sub-
frame.

17. The liquid crystal display device according to claim 16,
wherein said drive unit displays the emission color corre-
sponding to the display pattern of said first subframe during a
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period from a start time of said second subframe to a rise
response lag time from dark display to bright display of said
liquid crystal display unit.
18. The liquid crystal display device according to claim 12,
wherein said liquid crystal display unit is a normally black
type.
19. The liquid crystal display device according to claim 1
wherein:
said liquid crystal display unit includes a common elec-
trode structure having at least one common electrode
and a plurality of groups of segment electrodes for seg-
ment display or dot matrix display in said plurality of
display areas, said segment electrodes facing said com-
mon electrode structure, and said divided display area is
provided for each group of segment electrodes; and

said drive unit performs continuous emission or extinction
of the light source in at least any one of said plurality of
display areas and performs intermittent emission of the
light source in at least one of the others of said plurality
of display areas; and

said drive unit further performs color break-less field

sequential driving through emission of the same color at
least in one frame in the display area of light source
continuous emission and by bright display only in one
subframe per frame in the display area of light source
intermittent emission.

20. The liquid crystal display device according to claim 19,
wherein a shortest distance between display units in adjacent
display areas is not shorter than 1 mm.

21. The liquid crystal display device according to claim 19,
wherein said backlight further includes a light distribution
structure for guiding each light beam emitted from said mul-
ticolor light source to a corresponding display area.

22. The liquid crystal display device according to claim 19,
wherein:

said common electrode structure has a wiring pattern

allowing static driving or multiplex driving at a 1/2 duty
to 1/16 duty; and

said drive unit performs static driving or multiplex driving

ata 1/2 duty to 1/16 duty.

23. The liquid crystal display device according to claim 19,
wherein said drive unit can switch between continuous emis-
sion and intermittent commission in each of said display
areas.
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24. The liquid crystal display device according to claim 19,
wherein said liquid crystal display unit is a normally white
mode twist nematic (TN) type.

25. The liquid crystal display device according to claim 19,
wherein said liquid crystal display unit is a normally black
mode, vertical alignment or two-layer type.

26. A drive method for a liquid crystal display device
having a liquid crystal display unit including a common elec-
trode structure having at least one common electrode and a
plurality of groups of segment electrodes for segment display
or dot matrix display in a plurality of display areas, the seg-
ment electrodes facing said common electrode structure, a
plurality of backlights provided in correspondence with the
plurality of display areas, and a drive unit for driving inde-
pendently the plurality of backlights and synchronously driv-
ing the liquid crystal display unit and the plurality of back-
lights, wherein said drive unit performs continuous emission
or extinction of the backlight in at least any one of said
plurality of display areas and performs intermittent emission
of the backlight in at least one of the others of said plurality of
display areas, the drive method for a liquid crystal display
device comprising a step of:

performing color break-less field sequential driving

through emission of the same color at least in one frame
in the display area of continuous emission and by bright
display only in one subframe per frame in the display
area of intermittent emission.

27. The drive method for a liquid crystal display device
according to claim 26, wherein said drive unit applies scan
signals to a plurality of common electrodes connected to the
display area under sequential driving side by side along a time
axis.

28. The drive method for a liquid crystal display device
according to claim 26, wherein said drive unit continues
emission of the same color by a predetermined time even after
a current subframe under emission of the backlight is
switched the next subframe in the display area under sequen-
tial driving.

29. The drive method for a liquid crystal display device
according to claim 26, wherein said liquid crystal display umt
is a normally white mode twist nematic (TN) type.

30. The drive method for a liquid crystal display device
according to claim 26, wherein said liquid crystal display unit
is a normally black mode, vertical alignment or two-layer
type.
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