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(54) LIQUID CRYSTAL DISPLAY DEVICE
(57)  Aliquid crystal display device includes a signal
conversion part (101), a drive pulse generation part
(102), a source driver (103), a gate driver (1704), and a
multiplexer part (1706). In addition, between the source
driver (103) and a display region part (1705) there is pro-
vided an intersection part (204) where, when source
lines (S1, S2, S3, S4,...) in the display region part are
divided into groups each including four source lines,
lines that correspond to two source lines (S2 and S3)
located the second and third from an end in each group
intersect each other. With the liquid crystal display de-
vice using the multiplexer part for switching a plurality
of source lines in a time-sharing manner, the degrada-
tion of the display quality of pixels caused by, for exam-
ple, an insufficient writing capability to the pixels is im-
proved.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an active ma-
trix type liquid crystal display device, and in particular to
a liquid crystal display device utilizing an OCB (Optically
self-Compensated Birefringence) liquid crystal mode
which provides a wide viewing angle and a fast re-
sponse.

BACKGROUND ART

[0002] Asis well known, liquid crystal display devices
have been used in large numbers as the screen display
devices for computer devices, for example. In coming
years, the liquid crystal display device is expected to ex-
pand its range of TV applications. However, a TN (Twist-
ed Nematic) mode, which is currently in wide use, has
major display performance problems for use in a TV,
such as a narrow viewing angle, an unsatisfactory re-
sponse time, reduced contrast due to parallax, and blur-
ring of a moving image.

[0003] In recent years, the studies on an OCB mode
have been advanced in place of the aforementioned TN
mode. The OCB has characteristics which provide for a
wider viewing angle and a faster response compared to
that of TN, and thus it can be said that the OCB is a
display mode more suitable for displaying natural mov-
ing images.

[0004] A conventional liquid crystal display device is
described below.

[0005] In a display region of a liquid crystal display
device, as shown in FIG. 16, source lines 1601 (S1,
S2,...), gate lines 1602 (G1, G2,...), and thin film tran-
sistors (hereinafter referred to as "TFTs") 1603, serving
as switching elements, are provided. A drain electrode
of each TFT is connected to a pixel electrode in a pixel
1604. Each pixel 1604 comprises a pixel electrode, a
counter electrode, and liquid crystal sandwiched and
held between those electrodes. A stray capacitance
1606 is present between the pixel electrode and the
source line 1601. For example, the stray capacitance
between a source line S2 and a pixel on the left side of
the source line S2 is indicated as C2L and the stray ca-
pacitance between the source line S2 and a pixel on the
right side of the source line S2 is indicated as C2R.
[0006] The counter electrode of each pixel 1604 is
connected to a counter drive line 1605 and is driven by
a counter voltage Vcom.

[0007] Next, with reference to FIG. 17, the configura-
tion related to the driving of a conventional liquid crystal
display device is described. This conventional liquid
crystal display device comprises a signal conversion
part 1701, a source driver 1703, a gate driver 1704, a
drive pulse generation part 1702 for generating a pulse
used for driving each driver, and a display region part
1705 of a liquid crystal panel whose configuration is il-
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lustrated in the aforementioned FIG. 16. The signal con-
version part 1701 increases the speed of an input image
signal by R times at every one horizontal period, R being
obtained from R=(N+1)/N, where N is an integer equal
to or greater than 1, and converts it to a display signal,
which is the image signal whose speed has been in-
creased by R times, and a non-display signal with an R-
times speed.

[0008] From the signal conversion part 1701, the dis-
play signal and the non-display signal are sent to the
source driver 1703. The source driver 1703 converts, in
accordance with the control of a source driver control
signal sent from the drive pulse generation part 1702,
the polarity and voltage of the display and non-display
signals to an appropriate polarity and voltage for each
pixel, and then outputs them as a display signal voltage
and a non-display signal voltage.

[0009] A multiplexer part 1706 is disposed between
the source driver 1703 and the display region part 1705.
The multiplexer part 1706 selectively supplies, under
the control of a multiplexer control signal sent from the
drive pulse generation part 1702, to a plurality of source
lines 1601 the display signal voltage and the non-display
signal voltage outputted from the source driver 1703 by
switching between the source lines in a time-sharing
manner.

[0010] The gate driver 1704 supplies, in accordance
with the control of a gate driver control signal sent from
the drive pulse generation part 1702, an ON or OFF po-
tential of the TFT 1603 on the gate line 1602 in synchro-
nization with the output of the display signal voltage or
non-display signal voltage from the source driver 1703.
[0011] A power supply part 1707 supplies a voltage
having a desired polarity and voltage value to each func-
tion block in the manner indicated by the dotted lines.
[0012] The voltage that is applied to both ends of a
liquid crystal cell, such as the pixel 1604 in the display
region part 1705, is a difference between the voltage
Vcom to be supplied to the counter electrode and the
aforementioned display signal voltage or non-display
signal voltage to be applied to each pixel 1604 via the
source line 1601 and the TFT 1603, and this determines
the transmittance of each pixel 1604.

[0013] Furthermore, the polarity of the voltage to be
applied to both ends of a liquid crystal cell is defined
based on whether the difference between the above-de-
scribed voltage Vcom and the above-described display
signal voltage or non-display signal voltage to be ap-
plied to each pixel 1604 is positive or negative, and thus
is not simply defined by the voltage polarity of the above-
described display signal voltage or non-display signal
voltage. However, in the following description, for sim-
plicity of description, the polarity of the voltage applied
to both ends of a liquid crystal cell will be referred to as
the polarity of the above-described display signal volt-
age or non-display signal voltage.

[0014] Such a driving method is similarly employed in
both an OCB cell and a TN-type cell. The OCB cell, how-
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ever, requires a unique driving, which is not required for
the TN-type cell, at a start-up stage where an image dis-
play is started. The OCB cell has a bend alignment with
which an image display can be performed, and a splay
alignment with which an image display cannot be per-
formed. To shift from a splay alignment to a bend align-
ment (hereinafter referred to as a "transition"), a unique
driving is required, such as a high-voltage application
for a certain time. Note that the driving related to this
transition is not directly related to the present invention,
and thus any further description is not provided herein.
[0015] The OCB cell has a problem in that even if a
bend-alignment transition is obtained once by the afore-
mentioned unique driving, if a voltage with a predeter-
mined level or greater is not applied f or at least a certain
time, the bend alignment cannot be maintained, result-
ing in a return to a splay alignment (this phenomenon is
hereinafter called a "reverse transition").

[0016] To suppress the occurrence of a reverse tran-
sition, it is known that a high voltage may be applied
periodically, as described in Japanese Laid-Open Pat-
ent Publication No. 11-109921 and Journal of the Jap-
anese Liquid Crystal Society (Nihon Ekisho Gakkaishi),
April 25, 1999 (Vol. 3. No. 2), pp. 99(17) - 106(24). This
high potential corresponds to the above-described non-
display signal voltage. By periodically applying this non-
display signal voltage by the driving, as will be described
later, the occurrence of a reverse transition can be sup-
pressed. Itis common practice to use the maximum volt-
age of the above-described display signal voltage,
which corresponds to a black display, as this non-dis-
play signal voltage in view of the effect of suppressing
the occurrence of a reverse transition and the display
quality. The driving that a high potential is periodically
applied to suppress a reverse transition is hereinafter
called "CR (Cyclic Resetting) driving".

[0017] Typical potential-transmittance curves for
OCB are illustrated in FIG. 18.

[0018] In FIG. 18, a curve 1801 is a potential-trans-
mittance curve in the case where a predetermined po-
tential for preventing a reverse transition is not inserted,
and a curve 1802 is a potential-transmittance curve in
the case of CR driving where a predetermined potential
for preventing a reverse transition is inserted. A potential
1803 is a critical potential VVth at which a reverse transi-
tion from a bend alignment to a splay alignment occurs
in the case where a reverse transition is not prevented.
A potential 1804 is a potential (white potential) when the
transmittance is maximum, and a potential 1805 is a po-
tential (black potential) when the transmittance is mini-
mum. In the case where a reverse transition is not pre-
vented, if the potential is Vth or lower, the alignment re-
turns to a splay alignment, and thus an appropriate
transmittance cannot be obtained. Therefore, driving
with a potential of Vth or higher is required. In this case,
however, as shown in the figure, the transmittance that
corresponds to the potential 1803 is the maximum trans-
mittance, and therefore a sufficient luminance cannot be
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obtained.

[0019] Liquid crystals represented by OCB and TN re-
quire so-called alternating-current driving. However,
any specific configuration of such driving is not de-
scribed in either the aforementioned Japanese Laid-
Open Patent Publication No. 11-109921 or Journal of
the Japanese Liquid Crystal Society, and thus what sort
of alternating-current reversal should be performed can-
not be identified from these references. Hence, as a
conventional example, the CR driving performed by a
combination of a line-by-line reversal and a frame-by-
frame reversal, which is the most typical driving in a lig-
uid crystal display device, is described with reference to
FIGS. 19, 20, and 22.

[0020] FIG. 19 shows the configuration of the source
driver 1703, the display region part 1705, and the mul-
tiplexer part 1706 of a conventional liquid crystal display
device, shown in the aforementioned FIG. 17. Note that
a group of source lines is indicated as "1901" and a
group of gate lines is indicated as "1902".

[0021] Forsimplicity, FIG. 19 shows a portion that cor-
responds to the upper left portion of the multiplexer part
1706, including four source lines and eight gate lines,
two outputs indicated by ST1 and ST2 as the output ter-
minals of the source driver 1703, and switching ele-
ments in the multiplexer part 1706 only for the four
source lines. For the remainder, the same configuration
as above is repeated, and thus the illustration thereof is
omitted.

[0022] As for the display region part 1705, "R", "G",
and "B" shown in the pixels indicate color attributes of
the pixels, the ensuing number indicates the row
number (i.e. , the row number of the gate lines) in the
display region, and "+" or "-" indicates the voltage po-
larity that the liquid crystal cell holds in a given one
screen.

[0023] Reference numeral 1903 indicate multiplexer
control signals denoted as CTLO and CTL1 respectively,
and each signal is connected to the gate of each switch-
ing element in the multiplexer part 1706, as shown in
the figure. The switching element in the multiplexer part
1706 is indicated by a two-digit number following "MP",
and the first digit indicates the control signal number and
the second digit indicates the number of the source line
to which the switching element is connected. In addition,
the source and drain of each switching element in the
multiplexer part 1706 are connected to the source driver
1703 and a source line, respectively. Each of the outputs
ST1 and ST2 of the source driver 1703 is divided in two,
and is connected to adjacent source lines via the multi-
plexer part 1706.

[0024] FIG. 20 is a timing diagram illustrating the con-
trol performed by a conventional liquid crystal display
device. Here, an exemplary operation in the case where
N=4 is described. In the figure, SP1 and SP2 are a type
of a source driver control signal and are control signals
for controlling the polarity of the output voltage of the
source driver 1703. In the HIGH period of SP1, the
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aforementioned display signal voltage or non-display
signal voltage, in which ST1 has a positive polarity and
ST2 has a negative polarity, is outputted. In the LOW
period, a display signal voltage or non-display signal
voltage, in which ST1 has a negative polarity and ST2
has a positive polarity, is outputted. SQ1 and SQ2 indi-
cate the type and polarity of the output voltages of ST1
and ST2 of the source driver 1703 which are respective-
ly controlled by the aforementioned SP1 and SP2. Here,
"K" indicates the aforementioned non-display signal
voltage, "R", "G", and "B" indicate the aforementioned
display signal voltages each having a display color at-
tribute, and "+" and "-" indicate the polarity of each volt-
age. The non-display signal voltage, indicated by "K",
indicates the output voltage of the source driver 1703
with respect to a non-image signal that is inserted in the
display signal voltage at a rate conversion of R = 5/4 =
1.25 times speed in the signal conversion part 1701.
[0025] The "SWP" is another type of a source driver
control signal, and is a signal for controlling the output
timing of the source driver 1703. By the rise and fall of
the SWP's HIGH and LOW logic (indicated by arrows in
the figure), the source driver begins to produce an out-
put.

[0026] In the HIGH period of CTLO, the switching el-
ements MP10 and MP40 in the multiplexer part 1706
connected to the source lines S1 and S4, respectively,
are electrically conducted, and consequently the output
of ST1 is supplied to S1 and the output of ST2 is supplied
to S4. Then, in the LOW period of CTLO, these supplies
are interrupted. Similarly, in the HIGH period of CTL1,
the switching elements MP21 and MP31 in the multi-
plexer part 1706 connected to the source lines S2 and
S3, respectively, are electrically conducted, and conse-
quently the output of ST1 is supplied to S2 and the out-
put of ST2 is supplied to S3. Then, in the LOW period
of CTL1, these supplies are interrupted.

[0027] S1P, S2P, etc., indicate the states of the poten-
tials of the source lines, such as S1 and S2, resulting
from the application of the aforementioned display sig-
nal voltage andnon-display signal voltage to the source
lines by the above-described signal voltage control. The
symbols "K", "R", "G", "B", "+" and "-" mean the same
as those described for SQ1 and SQ2. Note that the
number following "K", "R", "G", or "B" indicates the row
number of the gate lines.

[0028] TO1 to T10 indicate one period (one cycle) of
R-times speed driving in the case where N=4. When one
horizontal period of an input image signal is indicated
as 1H, the length of each period is equivalent to NH/
(N+1), and 10 cycles are equivalent to 8H.

[0029] As for the flow of a signal voltage, for example,
the non-display signal voltage of K+ of SQ1 present in
the former part of the TO1 period is outputted at the time
of the rise of SWP at the beginning of this period, and
then applied to the electric capacitances (all capacitanc-
es belonging to S1, such as, for example, the TFT 1603
and the stray capacitance 1606) of the source line S1
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via the switching element MP10 in the multiplexer part
1706 which is electrically conducted while CTLO is
HIGH, whereby S1P takes a non-display signal voltage
of the symbol "K+". In the latter part of TO1, CTLO be-
comes LOW and thus the switching element MP10 in
the multiplexer part 1706 on the source line S1 is inter-
rupted, whereby the non-display signal voltage of K+ re-
mains on the source line S1 until the end of the T01 pe-
riod. In the subsequent former part of the T02 period,
the display signal voltage of R+ of SQ1 is applied to the
source line S1 in a similar process, and the display sig-
nal voltage of R+ remains on the source line S1 until the
end of the T02 period. Concurrently, during the period
from the latter part of TO1 to the former part of T03, the
non-display signal voltage of K- on SQ1 and the subse-
quent display signal voltage of G- are each outputted at
the time of the fall of SWP and applied to the source line
S2, whereby these voltages each remain on the source
line S2 for a predetermined period. Following this, the
potential changes in the source lines S1 and S2 are re-
peated in a similar process for one cycle starting T01
and ending T10. The states of SQ2, S3P, and S4P are
similar to the above.

[0030] The group of gate lines 1902, shown in FIG.
19, is driven by gate-line drive pulses which are gener-
ated by the gate driver 1704 upon receipt of gate driver
control signals from the drive pulse generation part
1702. That is, the gate line drive pulses G1P, G2P.,...,
such as those shown in FIG. 21, are applied to the gate
lines G1, G2,..., respectively. In the period when the ON
potential of, for example, the pixel TFT 1603 is exceed-
ed (e.g., the period of TKW and the subsequent high-
potential period, shown in FIG. 21), the TFT 1603 of a
corresponding pixel 1604 turns to an ON state, and the
charging of the source line potential, shown in FIG. 20,
(hereinafter referred to as "writing") is performed on the
liquid crystal cell.

[0031] Here, an example of conventional driving is
such that four gate lines G1 to G4 are simultaneously
selected in the aforementioned TKW period (i. e. , the
period which lies 2KNH before T01, shown in FIG. 20,
where K is a positive integer and N is 4 in this example),
and a non-display signal voltage is written to all pixels
on the gate lines G1 to G4. Further, in the time within
4H after a predetermined period {(2K-1)NH}, the display
signal voltages of R, G, and B are sequentially written
to the pixel cells on each of the gate lines G1to G4. The
subsequent four gate lines G5 to G8 repeat a similar
operation after a 4H delay from the gate lines G1 to G4.
At this point, the polarity of the potential of the source
line is reversed, as shown in FIG. 20. This operation is
performed over all gate lines and completed in one
frame. As described above, all gate lines in the display
region part 1705 are selected twice in one frame period,
and a display signal voltage and a non-display signal
voltage are each written to the pixels on each gate line
once.

[0032] In the subsequent frame, in order to reverse
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the polarity of the pixel voltage, the phases of SP1 and
SP2 are shifted 180 degrees. This is the CR driving
method, described as a conventional example, which
employs a one-column reversal, a four-line reversal,
and a frame reversal.

[0033] For the control and output operation methods
of the source driver, many known modes are available,
but such methods are not directly related to the present
invention. The same is true of the settings of the afore-
mentioned TKW and the invariable K, which are gate
drive conditions, and the setting of N for an R-times
speed, a detailed operation, etc. Therefore, any further
description thereof is not provided herein.

[0034] The display signal voltage and non-display sig-
nal voltage can be periodically written by the above-de-
scribed operation. By appropriately providing the volt-
age of this non-display signal voltage, a reverse transi-
tion of an OCB liquid crystal cell can be prevented.
[0035] The above-described driving, however, is as-
sociated with the following problems resulting from the
fact that the time the non-display signal voltage is ap-
plied to the source line from the source driver 1703 is
split into the former and latter parts in each period of
TO1 or TO6, or a period which exists 2KNH therebefore
or thereafter, and resulting from the open state of the
source line occurred during the interruption period of the
multiplexer part 1706. The problems are described be-
low with reference to FIGS. 22 and 23.

[0036] (a) of FIG. 22 illustrates the transitional state
of the potential changes in source lines. The symbols
shown in the figure are the same as those shown in FIG.
20. For example, looking at SQ1, S1P, and S2P in the
period TO1, when K+ on SQ1 is applied to the source
line S1 in the former part of TO1, a potential change oc-
curs in S1P in the forward direction (in the figure, the
potential change in the forward direction is indicated by
an upward arrow).

[0037] When K- on SQ1 is applied to the source line
S2 in the latter part of TO1, a potential change occurs in
S2P in the reverse direction (in the figure, the potential
change in the reverse direction is indicated by a down-
ward arrow). In the period T06, those potential changes
occur in the opposite directions to the above. Similar po-
tential changes occur in SQ2, S3P, and S4P. In practice,
even in other periods, potential changes occur resulting
from the application of the display signal voltages of R,
G, and B to each source line. However, as described
above, the voltage value of the display signal voltage is
equal to or lower than that of the non-display signal volt-
age, and changes in a slight degree in accordance with
the content of a pixel signal, and thus the influence of
such changes is small. Therefore, for simplicity of de-
scription, such an influence is not taken into considera-
tion here.

[0038] Adjacent source lines are electrically coupled
to each other by capacitances connected in series with
each other with a TFT drain electrode disposed there-
between, such as, for example, a pair of C1R and C2L
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and a pairof C2R and C3L, shownin FIG. 16. In addition,
each pixel is electrically coupled, by these stray capac-
itances, to source lines present on both sides of the pix-
el.

[0039] Therefore, the potential changein a source line
may possibly exert a comparatively great influence on
pixels present on the sides of the source line or on
source lines present on the sides of the source line.
[0040] The OFF pixel in (b) of FIG. 22 is a pixel to
which a display signal voltage or a non-display signal
voltage has been written, but the subsequent display
signal voltage or non-display signal voltage has not
been written. In other words, the OFF pixel is a pixel in
which the TFT 1603 is in an OFF state.

[0041] As shown in (b1) of FIG. 22, the change of K-
in S2P in the latter part of TO1 exerts as influence in the
reverse direction on all OFF pixels present between the
source lines S1 and S2.

[0042] In the figure, this is indicated as "influence on
OFF pixels", and the polarity of such an influence is in-
dicated by an arrow. In addition, in this period, the
source line S1 is in an open state with respect to the
multiplexer part 1706. Therefore, the source line S1
which is in an open state in this period receives a similar
influence in the reverse direction from the aforemen-
tioned OFF pixel. In the figure, this is indicated as "in-
fluence on former open source lines", and the polarity
of such an influence is indicated by an arrow. Similarly,
the change of K+ in S3P in the latter part of TO1 exerts
the influence in the forward direction on all OFF pixels
present between the source lines S3 and S4, and also
exerts the influence in the forward direction on the
source line S4 which is in an open state in this period.
As for the OFF pixels present between the source lines
S2 and S3, because S2P and S3P cause changes in
directions opposite to each other, these influences
counteract each other, and thus if C2R=C3L, the influ-
ences on these OFF pixels are small. In the figure, a
small influence on the OFF pixel is indicated by a black
square. As for the OFF pixels present between the
source lines S4 and S5, because there are no changes
in S4P and S5P, no influence is exerted on the OFF pix-
els, and thus no particular symbol is provided in the fig-
ure.

[0043] Although the changes which occurred in the
source lines S1 and S4 are superimposed on the write
voltages of display signal voltages in the subsequent pe-
riods T02 to T05, their polarities are opposite to that of
the display signal voltages written thereto, and thus the
degree of the influence is evaluated as "-1" and the eval-
uation rating is provided in (b1) of FIG. 22.

[0044] The change of K+ in S1P and the change of K-
in S4P in the former part of TO1 exert an influence on
the source lines S2 and S3 which are in an open state
in this period, but immediately after this, the non-display
signal voltages of K- and K+ are supplied to the source
lines S2 and S3, and therefore such an influence is elim-
inated at this point and no influence is exerted on the
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writing of a display signal voltage in any period after T02.
Thus, the evaluation ratings to the source lines S2 and
S3in (b1) of FIG. 22 result in "0".

[0045] The pixels to which a display signal voltage
have been written in TO2 remain as OFF pixels after T03
until a non-display signal voltage is written in the next
frame. The influence exerted on these pixels from
source lines in the meantime is discussed now. Note that
such an influence is a repetition of the influence of the
periods D to F, shown in FIG. 22, and therefore the de-
gree of the influence is evaluated in these periods.
[0046] (b2) of FIG. 22 schematically illustrates the
changes in the source lines S1 to S4 caused by the non-
display signal voltage during the periods D to F. As
shown in the figure, no influence is exerted on the OFF
pixels on average during these periods, and thus the
evaluation ratings to the source lines S1 to S4 result in
"0".

[0047] The influence on the pixels for one frame re-
sulting from the writing of a non-display signal voltage
is expressed as a sum of the evaluation ratings indicated
in (b1) of FIG. 22 and (b2) of FIG. 22. That is, as shown
in (b3) of FIG. 22, it can be seen that in the pixels on a
source line Sj, which corresponds to j=4i-3 or j=4i, where
i=1, 2, 3..., the transmittance becomes higher than the
originally intended value (i.e., the luminance is in-
creased). FIG. 23 is a schematic diagramiillustrating dis-
play images. (a) of FIG. 23 shows the example where
the pixels of R, G, and B are operated at an original con-
stant luminance. In this case, an image is obtained
which has no display non-uniformity when viewed from
an appropriate visual distance, such as that shown in
(b) of FIG. 23. In the aforementioned conventional ex-
ample, however, as the result of an influence such as
that shown in (b3) of FIG. 22, the actual image shown
n (c1) of FIG. 23 is obtained, based on which a visual
image, such as that shown in (c2) of FIG. 23, is obtained.
That is, in a conventional example, there is a problem
in that vertical lines, such as those shown in (c2) of FIG.
23, are visually recognized by a viewer.

[0048] Moreover, in the case of column reverse driv-
ing of a conventional example, a voltage range of +K to
-K is required for the source line voltage, and the max-
imum value of the display signal voltage is equal to or
substantially equal to the non-display signal voltage.
Therefore, for example, when SQ1 changes from K+ to
K- in the period T01 in FIG. 20, or when SQ1 changes
from K- to R+ between the periods T01 and T02, an out-
put capability (i.e., slew rate) which is sufficiently great
to support short cycles of SP1 and SP2 is required. For
this reason, in a conventional case, the charging capa-
bility of the source line, i.e., the pixel writing capability,
is insufficient sometimes, thereby causing degradation
of the display quality of an image.

[0049] Stated otherwise, conventionally, an extremely
high-cost source driver is required.

[0050] Furthermore, areverse transition in liquid crys-
tal cells of R, G, and B must be prevented with one type
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of non-display signal for CR driving, and thus there is a
limit to the improvement in display quality.

[0051] In particular, because recent liquid crystal pan-
els are increased in size and have higher definition, the
number of source lines and the number of pixels are in-
creased and stray capacitances are increased because
the source line and the pixel become closer to each oth-
er. Thus, there is a tendency to worsen the aforemen-
tioned interference problem and to cause an insufficient
charging time of pixels.

[0052] Accordingly, an object of the present invention
is to provide a liquid crystal display device capable of
displaying high-quality images, by solving the foregoing
problems.

DISCLOSURE OF THE INVENTION

[0053] To achieve the above object, the present in-
vention has the following aspects. Itis to be understood
that reference numerals, etc., in parentheses are pro-
vided, for the purpose of helping to understand the
present invention, to show the corresponding relation-
ship with embodiments, as will be described later, and
thus are not intended to limit the scope of the present
invention.

[0054] A liquid crystal display device of the present
invention includes a liquid crystal panel with a display
region part (1705) composed of a plurality of source
lines (S1, S2,...), a plurality of gate lines (G1, G2,...),
and pixel cells (1604) arranged in a matrix at intersec-
tions between the source lines and the gate lines. The
device comprises: a signal conversion part (101); adrive
pulse generation part (102); a source driver (103); a gate
driver (1704); a multiplexer part (1706); and an intersec-
tion part (204) where, when the source lines in the dis-
play region are divided into groups of four, lines that cor-
respond to two source lines located the second and third
from an end in each group intersect each other, the in-
tersection part being present between the source driver
and the display region part. The signal conversion part
converts an input image signal at a horizontal rate, gen-
erates a non-display signal during a slack time created
by the conversion, and inserts the non-display signal in
a display signal, which is the converted input image sig-
nal. The drive pulse generation part generates various
control pulses (SP1, SP2, SWP, CTLO, and CTL1) from
an inputted synchronous signal. The source driver re-
ceives various signals from the signal conversion part
and the drive pulse generation part, converts the display
signal and the non-display signal to predetermined volt-
age values, and outputs them as a display signal voltage
(R, B, or G) and a non-display signal voltage (K), respec-
tively. The gate driver receives a control signal from the
drive pulse generation part and supplies a drive voltage
to the gate lines (see FIG. 21). The multiplexer part sup-
plies to a plurality of the source lines the display signal
voltage and the non-display signal voltage from the
source driver while switching the source lines in a time-
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sharing manner, the multiplexer part being disposed be-
tween the source driver and the display region.

[0055] In the above-described liquid crystal display
device, the display signal voltages (R, G, and B) which
respectively correspond to a plurality of rows of the pix-
els may be sequentially applied to the respective source
lines, within a predetermined period (T02 to T05) after
the non-display signal voltage (K) has been applied to
all of the source lines (see FIG. 3).

[0056] In the above-described liquid crystal display
device, a polarity of the non-display signal voltage (K)
(the polarity of a predetermined reference potential)
supplied to the source line may be the same as a polarity
of the display signal voltage (R, G, or B) (the polarity of
the predetermined reference potential) supplied to the
source line subsequent to the non-display signal voltage
(see FIG. 3).

[0057] In the above-described liquid crystal display
device, a polarity of the non-display signal voltage (K)
(the polarity of a predetermined reference potential)
supplied to the source line during a simultaneous selec-
tion period, in which a plurality of the gate lines are se-
lected, may be the same as a polarity of the display sig-
nal voltage (R, G, or B) (the polarity of the predetermined
reference potential) supplied to the source line subse-
quent to the non-display signal voltage, and polarities
of the non-display signal voltage (K) may be opposite
(K+ and K-) to each other between the source lines ad-
jacent to each other (see FIG. 3).

[0058] The above-described liquid crystal display de-
vice may further comprise, between the multiplexer part
(1706) and the display region part (1705), compensating
voltage application means (806) for applying a compen-
sating voltage (black) to the source lines, wherein the
compensating voltage application means may apply the
compensating voltage to all the source lines within a pre-
determined period (T01) in synchronization with the dis-
play signal voltage (R, G, or B) outputted from the
source driver (703) (see FIG. 9).

[0059] In the above-described liquid crystal display
device, the display signal voltages (R, G, and B) which
respectively correspond to a plurality of rows of the pix-
els may be sequentially applied to the respective source
lines, within a predetermined period (T02 to T05) after
the compensating voltage (black) has been applied to
all of the source lines (see FIG. 9).

[0060] In the above-described liquid crystal display
device, a polarity of the compensating voltage (black)
(the polarity of a predetermined reference potential)
supplied to the source line may be the same as a polarity
of the display signal voltage (R, G, or B) (the polarity of
the predetermined reference potential) supplied to the
source line subsequent to the compensating voltage
(see FIG. 9).

[0061] In the above-described liquid crystal display
device, a polarity of the compensating voltage (black)
(the polarity of a predetermined reference potential)
supplied to the source line during a simultaneous selec-
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tion period, in which a plurality of the gate lines are se-
lected, may be the same as a polarity of the display sig-
nalvoltage (R, G, or B) (the polarity of the predetermined
reference potential) supplied to the source line subse-
quent to the compensating voltage, and polarities of the
compensating voltage (black) may be opposite (black+
and black-) to each other between the source lines ad-
jacent to each other (see FIG. 9).

[0062] In the above-described liquid crystal display
device, the compensating voltage application means
(1306) may apply to the source lines two or more differ-
ent types of compensating voltages (1308) having dif-
ferent voltage values.

[0063] In the above-described liquid crystal display
device, the voltage values of the compensating voltages
(black) may be adjustable in accordance with charac-
teristics of the liquid crystal panel.

[0064] In the above-described liquid crystal display
device, the source lines may correspond to any one of
the colors R, R, and B, and the compensating voltage
application means may supply to the source lines the
compensating voltages (R black, G black, and B black)
having voltage values which are individually set in ac-
cordance with the colors (see FIG. 13).

[0065] In the above-described liquid crystal display
device, an absolute value of the compensating voltage
(black) may be greater than an absolute value of the
non-display signal voltage (K).

[0066] In the above-described liquid crystal display
device, in a period (T01) in which the compensating volt-
age (black) is simultaneously applied to all the source
lines, the non-display signal voltage (K) having the same
polarity as that of the display signal voltages (R, G, and
B) to be supplied to the source lines subsequent to the
compensating voltage may be applied to the multiplexer
(1706) (see (b) of FIG. 15).

[0067] In the above-described liquid crystal display
device, the intersection part (204) may be present be-
tween the source driver (103) and the multiplexer (1706)
(see FIG. 2).

[0068] In the above-described liquid crystal display
device, a liquid crystal cell may be of OCB.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] FIG. 1 is a diagram showing the configuration
of a liquid crystal display device according to first, sec-
ond, and third embodiments of the present invention.
[0070] FIG. 2 is a diagram showing a part of the con-
figuration of the liquid crystal display device according
to the first and second embodiments of the present in-
vention.

[0071] FIG. 3 is a timing diagram illustrating control
performed by the liquid crystal display device according
to the first, second, and third embodiments of the
present invention.

[0072] FIG. 4 is a timing diagram illustrating events
occurring as a result of control performed by the liquid
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crystal display device according to the first embodiment
of the present invention.

[0073] FIG. 5 is a timing diagram illustrating events
occurring as a result of control performed by the liquid
crystal display device according to the second embodi-
ment of the present invention.

[0074] FIG. 6 is a diagram showing a part of the con-
figuration of the liquid crystal display device according
to the third embodiment of the present invention.
[0075] FIG. 7 is a diagram showing the configuration
of a liquid crystal display device according to fourth, fifth,
sixth, and eighth embodiments of the present invention.
[0076] FIG. 8 is a diagram showing a part of the con-
figuration of the liquid crystal display device according
to the fourth and eighth embodiments of the present in-
vention.

[0077] FIG. 9 is a timing diagram illustrating control
performed by the liquid crystal display device according
to the first embodiment of the present invention.
[0078] FIG. 10is a diagram showing a part of the con-
figuration of the liquid crystal display device according
to the fifth embodiment of the present invention.
[0079] FIG. 11 is a diagram showing a part of the con-
figuration of the liquid crystal display device according
to the sixth embodiment of the present invention.
[0080] FIG. 12is a diagram showing the configuration
of a liquid crystal display device according to a seventh
embodiment of the present invention.

[0081] FIG. 13is a diagram showing a part of the con-
figuration of the liquid crystal display device according
to the seventh embodiment of the present invention.
[0082] FIG. 14 is a timing diagram illustrating control
performed by the liquid crystal display device according
to the seventh embodiment of the present invention.
[0083] FIG. 15 is a timing diagram illustrating control
performed by the liquid crystal display device according
to the eighth embodiment of the present invention.
[0084] FIG. 16is a diagram showing the configuration
of a display region of a liquid crystal display device.
[0085] FIG. 17 is a diagram showing the configuration
of a conventional liquid crystal display device.

[0086] FIG. 18 is a diagram illustrating potential-
transmittance curves for OCB.

[0087] FIG. 19is adiagram showing a part of the con-
figuration of the conventional liquid crystal display de-
vice.

[0088] FIG. 20 is a timing diagram illustrating control
performed by the conventional liquid crystal display de-
vice.

[0089] FIG. 21 is a diagram illustrating a driving meth-
od of gate lines.
[0090] FIG. 22 is a diagram illustrating events occur-

ring as a result of control performed by the conventional
liquid crystal display device.

[0091] FIG. 23 is a diagram illustrating the consisten-
cy of a display screen in a display region.
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BEST MODE FOR CARRYING OUT THE INVENTION
(First Embodiment)

[0092] FIG. 1is a diagram showing the configuration
of a liquid crystal display device according to the first
embodiment of the present invention, FIG. 2 is a dia-
gram showing a part of the configuration, FIG. 3 is a di-
agram illustrating timing, and FIG. 4 is a timing diagram
illustrating events occurring as a result of control by a
driving method.

[0093] With reference to FIGS. 1 to 4, the driving of
the liquid crystal display device is described below.
[0094] The configuration of a liquid crystal display de-
vice according to the first embodiment is such that in a
conventional liquid crystal display device, shown in FIG.
17, the signal conversion part 1701, the drive pulse gen-
eration part 1702, and the source driver 1703 are re-
spectively replaced with a signal conversion part 101, a
drive pulse generation part 102, and a source driver 103.
Otherwise, all other elements are equivalent, and thus
like reference numerals are used to indicate like ele-
ments and the descriptions thereof are omitted.

[0095] FIG. 2 shows some of the elements shown in
the aforementioned FIG. 1, i.e., a source driver 103, a
display region part 1705, and a multiplexer part 1706.
Note that a group of source lines is indicated as "201"
and multiplexer control signals are indicated as "203".
In addition, the inside of the display region part 1705 is
simplified compared to FIG. 19. In the present embodi-
ment, a source line intersection part 204, where source
lines S2 and S3 intersect each other, is provided in an
area between the source driver 103 and the multiplexer
part 1706, constituting a part of the group of source lines
201. Thus, unlike a conventional case, ST1 supplies a
signal voltage to source lines S1 and S3 and ST2 sup-
plies a signal voltage to source lines S2 and S4.
[0096] The control and operation of the present em-
bodiment are described below with reference to FIG. 3.
[0097] The symbols used in FIG. 3 are the same as
those used for the conventional example.

[0098] As shown in FIG. 3, in the present embodi-
ment, the signal outputs G and B of ST1 and ST2 are
reversed from the conventional example, shown in FIG.
20. Such an operation is known and signal outputs can
be easily changed by an RGB output selection function
of the source driver, and thus the detailed description
thereof is omitted. In addition, in the present embodi-
ment, the repetition cycle of SP1 and SP2, which are
output voltage polarity control signals of the source driv-
er 103, is reduced to one tenth of the conventional ex-
ample, whereby the output polarity of the source driver
103 becomes constant during the periods of T01 to T05
and the periods of T06 to T10.

[0099] (a) of FIG. 3 is a timing diagram according to
the first embodiment. This (a) of FIG. 3 shows that by
performing a control operation similar to that of the con-
ventional example, which is already described, the
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same results as those obtained by the conventional ex-
ample can be obtained for SP1 to SP4.

[0100] The changes in the source lines and the influ-
ence on OFF pixels in the above case are described in
FIG. 4. The results shown in (b1), (b2), and (b3) of FIG.
4 are the same as those shown in (b1), (b2), and (b3)
of FIG. 22 of the conventional example.

[0101] Asdescribed above, according to a liquid crys-
tal display device of the first embodiment, it is not nec-
essary to frequently change the output polarity of the
source driver, and thus the writing of a display signal
voltage can be performed quickly and image degrada-
tion due to a reduced image signal write time can be
avoided. In addition, the writing of image signals is made
easier, thereby providing an effect in that the output ca-
pabilities (e.g., slew rate, etc.) required for the source
driver are reduced.

(Second Embodiment)

[0102] The configuration of a liquid crystal display de-
vice according to the second embodiment of the present
invention is the same as that of the first embodiment,
shown in FIGS. 1 and 2, and therefore the description
thereof is omitted. The control and operation according
to the second embodiment of the present invention are
described below with reference to (b) of FIG. 3. The
present embodiment is different from the first embodi-
ment in the pulse waveforms of multiplexer control sig-
nals CTLO and CTL1. Both CTLO and CTL1 shown in
(c) of FIG. 3 are always "HIGH" in the periods of T0O1
and T06 in a 2NH cycle. Such pulse signals can be eas-
ily generated by logically ORing CTLO and a control
pulse for inserting a non-display signal voltage, which is
generated in the signal conversion part 101, shown in
(a) of FIG. 3. As this generation method is not directly
related to the present invention, any further description
thereof is not provided herein.

[0103] By performing a control operation similar to
that of the first embodiment using these CTLO and
CTL1, shown in (c) of FIG. 3, results similar to those
obtained in the first embodiment can be obtained for
SP1 to SP4, which is shown in (b) of FIG. 3. The present
embodiment is different from the first embodiment in the
"K" portion and the "G4", "G8", "B4", and "B8" portions
of S2P andS3P. In the present embodiment, unlike in
the first embodiment, a non-display signal voltage is
supplied to S2P and S3P in the formerpart of TO1.
Therefore, as shown in (a) of FIG. 5, potential changes
in opposite polarities simultaneously occur in any adja-
cent source lines in TO1. Hence, the influences on OFF
pixels are counteracted by each other, as shown in (b1)
of FIG. 5, and thus such influences do not occur sub-
stantially. In addition, since none of the source lines is
in an open state in the period T01, no influence is exert-
ed on the source lines. The source line changes at the
time of the subsequent writing of a non-display signal
are also counteracted, as shown in (b2) of FIG. 5. Ac-
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cordingly, on the whole, it can be said that, as shown in
(b3) of FIG. 5, luminance differences caused by the in-
fluence of the writing of a non-display signal voltage do
not occur in the pixels on any source line.

[0104] Note that in the example of (b) of FIG. 3, there
exist portions in S2P and S3P where a display signal
voltage is present only for the time of T/2 (T is a time
equivalentto T01, T02, etc. ) , such as G4 and B4 in the
latter part of TO5. However, in practice, the write time of
adisplay signal voltage, i.e., the time that the multiplexer
part 1706 is electrically conducted and a display signal
voltage is supplied from the source driver 103, is also
T/2 in other portions, and thus the rest of the time of T/
2 does not have any significant meaning. Thus, this
does not present any problems.

[0105] In other words, even if R, G, or B is present
over the period T, the latter part of that period is merely
a residual potential on the source line, and thus it does
not contribute much to the writing to the pixels.

[0106] As a variant of the present embodiment, CTLO
and CTL1 may be such as those shown in (d) of FIG. 3.
In this example, in the periods of TO1 and T06, only the
former part of each period is "HIGH" and the latter part
is "LOW", but S1P to S4P are the same as those shown
in (c) of FIG. 3.

[0107] Accordingly, a consistent image without dis-
play non-uniformity, such as that shown in (b) of FIG.
23, can be obtained.

[0108] Asdescribed above, according to a liquid crys-
tal display device of the second embodiment, in addition
to the effect of the first embodiment, the effect of remov-
ing vertical lines, such as that shown in (c2) of FIG. 23,
can be further obtained.

(Third Embodiment)

[0109] In general, the configuration of a liquid crystal
display device according to the third embodiment of the
presentinvention is substantially the same as that of the
second embodiment, shown in FIG. 1, but as shown in
FIG. 6, the configuration of a group of source lines 601
is partly different from that of the second embodiment
(accordingly, multiplexer control signals 603 are also dif-
ferent). In the foregoing second embodiment, as shown
in FIG. 2, the intersection part 204 of the source lines
S2 and S3 is present between the source driver 103 and
the multiplexer part 1706, but in the third embodiment,
as shown in FIG. 6, an intersection part 604 is config-
ured between a multiplexer part 1706 and a display re-
gion part 1705. The control of a driving method of the
present embodiment is the same as that of the second
embodiment, as shown in (b) of FIG. 3, but in terms of
the transitional operation, the following points are differ-
ent, and accordingly the display quality may be different.
[0110] In the source line intersection part 604, as
shown in FIGS. 2 and 6, an interlayer capacitance Cs is
present which is proportional to the counter area and
the dielectric constant of an internal insulation material
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and which is inversely proportional to the counter dis-
tance. The interlayer capacitance Cs becomes a non-
negligible value because of the structure of the liquid
crystal panel, and may cause an interference problem
between intersecting source lines. In the case of FIG. 2,
regardless of whether MP21 and MP31 in the multiplex-
er part 1706 are OFF or ON, the signal voltages of ST1
and ST2 are applied to the interlayer capacitance Cs. In
addition, when MP21 and MP31 in the multiplexer part
1706 are OFF as viewed from the source lines, the in-
terlayer capacitance Cs between the source lines S2
and S3 is absent. On the other hand, in the case of the
present embodiment, shown in FIG. 6, when MP31 and
MP21 in the multiplexer part 1706 are OFF, no voltage
is supplied from ST1 and ST2, and the interlayer capac-
itance Cs between the source lines S2 and S3 is
present.

[0111] Now, the above-described states are de-
scribed for the period T02, for example, of the timing
diagram of FIG. 3. In the case of the foregoing second
embodiment, in the former part of the period T02, R1+
of SQ1 and R1- of SQ2 are applied to the interlayer ca-
pacitance Cs, and in the latter part of the period T02,
the R1+ and R1- are replaced by other colors B1+ and
G1-, respectively. For example, in the case where the
entire screen is red, the changes from R1+ to B1+ and
from R1- to G1- are great, and thus the degree of the
influence of the interlayer capacitance Cs is great. In the
former part of the period T02, K- remains in the source
line S2 and K+ remains in the source line S3, but in the
latter part of the period T02, the G1- which has been
influenced by the potential difference of the above inter-
layer capacitance Cs is applied to the source line S2,
and the B1+ which has been similarly influenced by the
potential difference of the above interlayer capacitance
Cs is applied to the source line S3. Needless to say, the
degree of such an influence depends on the output ca-
pability of the source driver 103. In addition, the periods
TO3 to TOS are similarly influenced by other colors.
[0112] In the case of the third embodiment, in the
former part of the period T02, K- and K+ each remain in
the interlayer capacitance Cs between the source lines
S2 and S3, and in the latter part of the period T02, the
K- and K+ are replaced by G1- and B1+, respectively,
and the G1- and B1+ are applied to the source lines S2
and S3 and the interlayer capacitance Cs. The degree
of the influence of the interlayer capacitance Cs in this
case as to, for example, cyan (green and blue light is
generated) is much the same as in the second embod-
iment.

[0113] However, for the period T03, G1- and B1+
change to G2- and B2+, respectively, and thus the third
embodiment is less susceptible to the influence of the
interlayer capacitance Cs. The same is also true of the
periods T04 and TO05.

[0114] As for the entire frame, in the second embod-
iment the pixels on a source line Sj, which corresponds
to j=4i-3 or j=4i-2, where 1=1,2,3...,may be influenced
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by the luminance levels corresponding to the display
signal voltages on the right and left sides (i.e., other
colors) of the respective pixels, but in the third embodi-
ment there is an advantage in that the pixel is influenced
only by a non-display signal voltage or a pixel of the
same color present in the previous row of the pixel.
[0115] Asdescribed above, according to a liquid crys-
tal display device of the third embodiment, in addition to
the effect of the second embodiment, the effect of avoid-
ing an image degradation can be further obtained.

(Fourth Embodiment)

[0116] FIG. 7 is a diagram showing the configuration
of a liquid crystal display device according to the fourth
embodiment of the present invention, FIG. 8 is a dia-
gram showing a part of such a configuration, and FIG.
9 is a timing diagram. With reference to FIGS. 7, 8, and
9, the driving thereof is described below.

[0117] The configuration of a liquid crystal display de-
vice according to the fourth embodiment, shown in FIG.
7, is such that in a conventional liquid crystal display
device, shown in FIG. 17, the signal conversion part
1701, the drive pulse generation part 1702, the source
driver 1703, and the power supply part 1707 are respec-
tively replaced with a signal conversion part 701, a drive
pulse generation part 702, a source driver 703, and a
power supply part 707. Further, a compensating voltage
application part 708 is additionally provided between a
multiplexer part 1706 and a display region part 1705,
and a compensating voltage, different from the afore-
mentioned display signal voltage or non-display signal
voltage, is supplied from the power supply part 707. Ex-
cept for these, all other elements are equal to those of
the conventional liquid crystal display device, shown in
FIG. 17, and thus like reference numerals are used to
indicate like elements and the descriptions thereof are
omitted.

[0118] FIG. 8 shows some of the elements shown in
FIG.7,i.e., the source driver 703, the display region part
1705, the multiplexer part 1706, and the compensating
voltage application part 708. Note that a group of source
lines is indicated as "801" and multiplexer control sig-
nals are indicated as "803".

[0119] The constituent section including the compen-
sating voltage application part 708, compensating volt-
age application control signals 807 for controlling the
compensating voltage application part 708, and power
lines 808 for supplying compensating voltages of + and
- polarities is referred to as compensating voltage appli-
cation control means 806. The "black+" and "black-"
shown in the figure are symbols which respectively in-
dicate the positive and negative voltages of compensat-
ing voltages.

[0120] In the compensating voltage application part
708, two switching elements are provided for each
source line, and these two switching elements are con-
nected between the source line and the + and - power
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lines 808. To the control terminal of the switching ele-
ment is supplied the compensating voltage application
control signal 807, as shown in the figure. In the figure,
the switching element is indicated by a two-digit number
following "SW", and the first digit indicates the compen-
sating voltage application control signal number and the
second digit indicates the source line number. The com-
pensating voltage application control signal 807 has four
types, including CTLPO to CTLP3.

[0121] The control and operation of the present em-
bodiment are described below with reference to FIG. 9.
[0122] In FIG. 9, the symbols are the same as those
of the foregoing first to third embodiments, except for
CTLP. The present embodiment is different from the
second embodiment in that in SQ1 and SQ2 the "K+"
and "K-", which indicate non-display signal voltages in
the periods of T01 and T06, are changed to "irrelevant”
(i.e., can be arbitrary), and in that there are added com-
pensating voltage application control signals of CTLPO
to CTLP3. In addition, CTLOand CTL1 are LOW in these
"irrelevant” periods (in the actual operation, the source
driver 703 is disconnected from each source line in the
"irrelevant” period), which is also different from the sec-
ond embodiment. Furthermore, the present embodi-
ment is different from the second embodiment in that
there are shown the results of the application of black+
or black- from the power line 808 in the compensating
voltage application part 708 in the "irrelevant" period,
which is performed by the operation of each switching
element in the compensating voltage application part
708 in the HIGH period for CTLPO to CTLP3 in S1P to
S4P in the figure. It will be clear, as is the case with the
source driver 703, that the presence of a rise or fall in
the SWP in the "irrelevant" period is of no relevance.
Other periods are basically the same as those of the
second embodiment.

[0123] Next, the operation of an application of black+
and black- to source lines is described. In the period
TO1, CTLPO and CTLP3 are HIGH, and thus SW10,
SW40, SW23, and SW33 take an ON state. On the other
hand, CTLP1 and CTLP2 are LOW, and thus SW11,
SW41, SW22, and SW32 take an OFF state. Conse-
quently, black+ is applied and charged to the source
lines S1 and S3, and black - is applied and charged to
the source lines S2 and S4. In the period T06, the rela-
tionship of HIGH and LOW for CTLPO to CTLP3 is re-
versed from that in the period T01. Accordingly, the ON
and OFF states of each switching element are also re-
versed, and consequently, the polarity of a compensat-
ing voltage to be applied to each source line is also re-
versed.

[0124] By the configuration and driving method, such
as those described above, timing driving similar to that
of the second embodiment is accomplished, whereby
ahigh-qualitydisplaywithout vertical lines can be ob-
tained.

[0125] Although the values of the compensating volt-
age are indicated by black+ and black-, and the above
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description is directed to the voltage that corresponds
to a non-display signal voltage in the foregoing first to
third embodiments, i.e., the compensating voltage for
preventing the aforementioned reverse transition in the
OCB liquid crystal cell, it will be appreciated that the driv-
ing technique of the present embodiment can also be
introduced to other objects.

[0126] The voltage value of the compensating voltage
has an advantage in that it can be set independently of
and relatively free from the constrains from the signal
system, such as the signal conversion part 701. For ex-
ample, for the non-display signal voltage, its maximum
level is limited based on the dynamic range width of the
output stage of the source driver, but the compensating
voltage of the present embodiment can be set to any
level in a wide range up to the withstand voltage of the
output stage of the source driver. In addition, by allowing
the compensating voltage to be variable, environmental
characteristics and individual differences of the liquid
crystal panels can be easily supported.

[0127] Asdescribed above, according to a liquid crys-
tal display device of the fourth embodiment, it is possible
to appropriately supply a compensating voltage to a lig-
uid crystal panel without degradation in display quality.

(Fifth Embodiment)

[0128] In general, the configuration of a liquid crystal
display device according to the fifth embodiment of the
presentinvention is substantially the same as that of the
fourth embodiment, shown in FIG. 7, but as shown in
FIG. 10, the configuration of a group of source lines
1001 is partly different. Specifically, in the foregoing
fourth embodiment, as shown in FIG. 8, the intersection
part 804 of the source lines S2 an S3 is present between
the source driver 703 and the multiplexer part 1706, but
in the present embodiment, an intersection part 1004 of
source lines S2 and S3 is configured between a multi-
plexer part 1706 and a compensating voltage applica-
tion part 708. The control of a driving method according
to the present embodiment is the same as that of the
fourth embodiment, shown in FIG. 9, but in terms of the
transitional operation, there are differences similar to
those between the foregoing second and third embodi-
ments, and thus the display quality may also be differ-
ent.

[0129] The fifth embodiment is different from the fore-
going embodiments in that the non-display signal volt-
ages of K+ and K- are replaced by the compensating
voltages of black+ and black-, respectively. Accordingly,
in the foregoing fourth embodiment, as for the entire
frame, the pixels on a source line Sj, which corresponds
to j=4i-3 or j=4i-2, where i=1,2,3..., may be influenced
by the luminance levels corresponding to the display
signal voltages on the right and left sides (i.e., other
colors) of the respective pixels, but in the fifth embodi-
ment there is an advantage in that the pixel is influenced
only by a compensating voltage or a pixel of the same
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color present in the previous row of the pixel. Therefore,
according to a liquid crystal display device of the fifth
embodiment, in addition to the fourth embodiment, the
effect of preventing an image degradation can be ob-
tained.

(Sixth Embodiment)

[0130] The configuration of a liquid crystal display de-
vice according to the sixth embodiment of the present
invention is substantially the same, on the whole, as that
of the fourth embodiment, shown in FIG. 7, but as shown
in FIG. 11, the configuration of a group of source lines
1101 is partly different. Specifically, in the foregoing
fourth embodiment, as shown in FIG. 8, the intersection
part 804 of the source lines S2 an S3 is present between
the source driver 703 and the multiplexer part 1706, but
in the present embodiment, an intersection part 1104 of
source lines S2 and S3 is constructed between a com-
pensating voltage application part 708 and a display re-
gion part 1705. Accordingly, in comparison with the ex-
ample of FIG. 8, the switching elements SW in the com-
pensating voltage application part 708, which are relat-
ed to the source lines S2 and S3, are switched, the con-
nections between these switching elements and CTLP2
and CTLP3 are changed, and each switching element
is numbered in accordance with the aforementioned
principle. The portion that includes the compensating
voltage application part 708, compensating voltage ap-
plication control signals 807, and power lines 808 is re-
ferred to as the compensating voltage application con-
trol means 1106.

[0131] The control of a driving method according to
the present embodiment is the same as that of the fourth
embodiment, shown in FIG. 9, and the transitional op-
eration is also the same as that of the fifth embodiment,
and thus the descriptions thereof are omitted here. In
the sixth embodiment too, there is an advantage, as in
the foregoing fifth embodiment, in that the pixel is influ-
enced only by a compensating voltage or a pixel of the
same color present in the previous row of the pixel.
Thus, the effect of preventing an image degradation can
be obtained.

(Seventh Embodiment)

[0132] An OCB panel having characteristics shown by
the voltage-transmittance curves in FIG. 18 is a so-
called normally white liquid crystal panel in which a white
display is provided when no voltage is applied. There-
fore, to enhance a display performance, specifically, a
contrast performance, performing a black display with
the lowest possible transmittance is important. The ap-
plication voltage for providing this lowest transmittance
may vary between the pixels of R, G, and B due to the
characteristics of the OCB panel.

[0133] In order to solve the above problem, a liquid
crystal display device according to the seventh embod-
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iment of the present invention is configured such that an
optimum compensating voltage for each of R, G, and B
is applied to the pixels.

[0134] FIG. 12is a diagram showing the configuration
of a liquid crystal display device according to the sev-
enth embodiment of the present invention, FIG. 13 is a
diagram showing a part of the configuration, and FIG.
14 is a diagram illustrating timing.

[0135] With reference to FIGS. 12, 13, and 14, the
driving thereof is described below.

[0136] The configuration of a liquid crystal display de-
vice according to the seventh embodiment, shown in
FIG. 12, is such that in a liquid crystal display device
according to the fourth embodiment, shown in FIG. 7,
the power supply part 707 is replaced with a power sup-
ply part 1207.

[0137] FIG. 13 shows some of the elements shown in
FIG. 12, i.e., a source driver 703, a display region part
1705, a multiplexer part 1706, and a compensating volt-
age application part 708. The constituent section includ-
ing the compensating voltage application part 708, com-
pensating voltage application control signals 807 for
controlling the compensating voltage application part
708, and power lines 1308 for supplying compensating
voltages of R, G, and B with + and - polarities is referred
to as compensating voltage application control means
1306. In FIG. 13, "R black+" and "R black-" are symbols
which respectively indicate the positive and negative
voltages of compensating voltages related to "R". The
same applies to "G" and "B". That is, the present em-
bodiment is the same as the fourth embodiment illus-
trated in FIG. 8 except for the compensating voltage ap-
plication control means 1306, and CTL and CTLP are
also the same. A switching element of the compensating
voltage application control means 1306 is connected to
a power line having the same attribute as the R, G, or
B attribute of a source line to which the switching ele-
ment is connected.

[0138] The control and operation of the present em-
bodiment is described below with reference to FIG. 14.
[0139] The timing diagram, shown in FIG. 14, is dif-
ferent from that of the foregoing fourth embodiment,
shown in FIG. 9, in that in S1P to S4P, in the periods of
T01 and T06, the letters "R", "G", and "B" , which indi-
cate the aforementioned compensating voltages related
to R, G, and B, are added before the symbols "black+"
and "black-" which indicate compensating voltages.
[0140] To the source lines are applied "R black+", "R
black-", "G black+", "G black-", "B black+", and "B
black-", as shown in S1P to S4P, by a similar control
operation to that of the fourth embodiment.

[0141] By the configuration and driving method, such
as those described above, it becomes possible to apply
an optimum compensating voltage of each R, G, and B
to the pixels. Thus, a higher display quality than that of
the fourth embodiment can be obtained.
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(Eighth Embodiment)

[0142] The configuration of a liquid crystal display de-
vice according to the eighth embodiment of the present
invention is substantially the same as that of the fourth
embodiment, shown in FIG. 7, but the present embodi-
ment is characterized in that the charging capability of
a source driver 703 is supplemented by using, for ex-
ample, electrode capacitances 805 (Cm1 to Cm4) of
TFT switching elements in an OFF state in a multiplexer
part 1706 in FIG. 8. The driving method thereof is de-
scribed with reference to FIG. 15.

[0143] Prior to describing the driving method, the
problem of the foregoing fourth embodiment is de-
scribed with reference to (a) of FIG. 15. Cm1P to Cm4P
in (a) of FIG. 15 show the potential states of the elec-
trode capacitances Cm1 to Cm4 in the fourth embodi-
ment, shown in FIG. 8. Here, source driver control sig-
nals, such as SP1, SP2, and SWP, and SQ1 and SQ2,
which are the output voltages of ST1 and ST2, are the
same as those shown in the timing diagram of the fourth
embodiment, shown in FIG. 9. In a cycle of 2NH, the
output voltages of SQ1 and SQ2 is charged to the elec-
trode capacitances Cm1 to Cm4 in the periods other
than the periods TO1 and T06, but in the periods TO1
and T06, because there is no rise or fall of SWP, the
output from the source driver 703 is not applied and thus
the display signal voltages charged in the previous pe-
riod remain. Because of this state, the source driver 703
supplies a display signal voltage with a polarity opposite
to that of the aforementioned remained voltage to the
source lines S1 and S4 and all Cms in the rise timing of
SWP of T02 or TO7, and thus the source driver 703 re-
quires a high output capability, which was a problem in
the fourth embodiment.

[0144] In the present embodiment, the operation is
performed in the timing shown in (b1) and (b2) of FIG.
15, by using CTL and CTLP of the fourth embodiment,
shown in FIG. 9, and SQ1, SQ2, and SWP of the first
embodiment, shown in FIG. 3. The periods other than
TO1 and TO6 in (b1) of FIG. 15 are similar to those of
the fourth embodiment, shown in (a) of FIG. 15. In the
periods of T01 and T06, both CTLO and CTL1 are LOW,
and thus all switching elements in the multiplexer part
1706 become OFF. Accordingly, in the periods of T01
and T06, a non-display signal voltage with the same po-
larity as that of the display signal voltages to be supplied
in accordance with SWP from the source driver 703 in
the subsequent periods T02 and TO7 is applied and
charged to all Cms in the multiplexer part 1706. There-
fore, it becomes easy for the source driver 703 to charge
display signal voltages to all Cms in the periods T02 and
TO7. Note that, as shown in (b2) of FIG. 15, the poten-
tials of the source lines are the same as those of the
fourth embodiment, shown in FIG. 9, but strictly speak-
ing, an improvement is made on a charge relevant to an
auxiliary charge to the above-described Cm.

[0145] As described above, according to a liquid crys-
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tal display device of the eighth embodiment, the effect
of improving a display signal voltage writing capability
to the source lines, i.e., the pixels, can be obtained.

INDUSTRIAL APPLICABILITY

[0146] Ashasbeen described above, according to lig-
uid crystal display devices of the present invention, re-
duction in the write time of a display signal voltage can
be avoided, and therefore the writing of a display signal
voltage, a non-display signal voltage, and a compensat-
ing voltage becomes easy, making it possible to prevent
an image degradation resulting from insufficient writing.
In addition, the problem of a reduction in display quality
caused by the perception of vertical lines can be solved.
It is possible to relax the output capabilities (e.g., slew
rate, etc.) required for a source driver, and accordingly,
a drive cost can be reduced. In particular, for liquid crys-
tal panels with OCB liquid crystal panels with OCB liquid
crystal cells, the effects of preventing a reverse transi-
tion and minimizing the influence of reduction in screen
luminance associated therewith are obtained. Further,
even for liquid crystal cells in which the compensating
voltage differs depending on colors, the optimization of
the amount of black (compensating voltage) writing is
made possible. The optimization of the amount of black
(compensating voltage) writing can also be made pos-
sible in accordance with environmental characteristics
and individual difference of a liquid crystal panel. More-
over, it is possible to supply an optimum compensating
voltage for such a reverse transition prevention, for ex-
ample, to a liquid crystal panel, whereby the display
quality is further improved.

Claims

1. Aliquid crystal display device including a liquid crys-
tal panel with a display region part composed of a
plurality of source lines, a plurality of gate lines, and
pixel cells arranged in a matrix at intersections be-
tween the source lines and the gate lines, the device
comprising:

a signal conversion part for converting an input
image signal at a horizontal rate, generating a
non-display signal during a slack time created
by the conversion, and inserting the non-dis-
play signal in a display signal, which is the con-
verted input image signal;

adrive pulse generation part for generating var-
ious control pulses from an inputted synchro-
nous signal;

a source driver for receiving various signals
from the signal conversion part and the drive
pulse generation part, converting the display
signal and the non-display signal to predeter-
mined voltage values, and outputting them as
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a display signal voltage and a non-display sig-
nal voltage, respectively;

a gate driver for receiving a control signal from
the drive pulse generation part and supplying a
drive voltage to the gate lines;

a multiplexer part for supplying to a plurality of
the source lines the display signal voltage and
the non-display signal voltage from the source
driver while switching the source lines in a time-
sharing manner, the multiplexer part being dis-
posed between the source driver and the dis-
play region part; and

an intersection part where, when the source
lines in the display region part are divided into
groups of four, lines that correspond to two
source lines located the second and third from
an end in each group intersect each other, the
intersection part being present between the
source driver and the display region.

The liquid crystal display device according to claim
1, wherein the display signal voltages which respec-
tively correspond to a plurality of rows of the pixels
are sequentially applied to the respective source
lines, within a predetermined period after the non-
display signal voltage has been applied to all of the
source lines.

The liquid crystal display device according to claim
2, wherein a polarity of the non-display signal volt-
age supplied to the source line is the same as a po-
larity of the display signal voltage supplied to the
source line subsequent to the non-display signal
voltage.

The liquid crystal display device according to claim
2, wherein a polarity of the non-display signal volt-
age supplied to the source line during a simultane-
ous selection period, in which a plurality of the gate
lines are selected, is the same as a polarity of the
display signal voltage supplied to the source line
subsequent to the non-display signal voltage, and
wherein polarities of the non-display signal voltage
are opposite to each other between the source lines
adjacent to each other.

The liquid crystal display device according to claim
1, further comprising, between the multiplexer part
and the display region part, compensating voltage
application means for applying a compensating
voltage to the source lines, wherein

the compensating voltage application means
applies the compensating voltage to all the source
lines within a predetermined period in synchroniza-
tion with the display signal voltage outputted from
the source driver.

The liquid crystal display device according to claim
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5, wherein the display signal voltages which respec-
tively correspond to a plurality of rows of the pixels
are sequentially applied to the respective source
lines, within a predetermined period after the com-
pensating voltage has been applied to all of the
source lines.

The liquid crystal display device according to claim
5, wherein a polarity of the compensating voltage
supplied to the source line is the same as a polarity
of the display signal voltage supplied to the source
line subsequent to the compensating voltage.

The liquid crystal display device according to claim
5, wherein a polarity of the compensating voltage
supplied to the source line during a simultaneous
selection period, in which a plurality of the gate lines
are selected, is the same as a polarity of the display
signal voltage supplied to the source line subse-
quent to the compensating voltage, and wherein po-
larities of the compensating voltage are opposite to
each other between the source lines adjacent to
each other.

The liquid crystal display device according to claim
5, wherein the compensating voltage application
means applies to the source lines two or more dif-
ferent types of compensating voltages having dif-
ferent voltage values.

The liquid crystal display device according to claim
9, wherein the voltage values of the compensating
voltages are adjustable in accordance with charac-
teristics of the liquid crystal panel.

The liquid crystal display device according to claim
9, wherein the source lines correspond to any one
of the colors R, R, and B, and wherein the compen-
sating voltage application means supplies to the
source lines the compensating voltages having volt-
age values which are individually set in accordance
with the colors.

The liquid crystal display device according to claim
5, wherein an absolute value of the compensating
voltage is greater than an absolute value of the non-
display signal voltage.

The liquid crystal display device according to claim
6, wherein in a period in which the compensating
voltage is simultaneously applied to all the source
lines, the non-display signal voltage having the
same polarity as that of the display signal voltages
to be supplied to the source lines subsequent to the
compensating voltage is applied to the multiplexer.

The liquid crystal display device according to claim
1, wherein the intersection part is present between
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the source driver and the multiplexer.

15. The liquid crystal display device according to claim
1, wherein a liquid crystal cell is of OCB.
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