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7) ABSTRACT

In a liquid crystal display device of the in-plane switching
mode (IPS mode), the potential of data that is output from
adata driver is set at values between potentials that are given
to common lines. Two levels, i.e., high and low levels, are
prepared for the potential to be given to the common lines
and the potential is inverted between those levels in every
field, whereby the polarity of a voltage between both elec-
trodes of a pixel is inverted. As a result, the potential
variation ranges of signals that are output from the data
driver and a scan driver can be greatly reduced from those
of the conventional case, which contributes to reduction in
the power consumption of the drivers. Since the voltage
applied to a switching element for controlling each pixel can
be reduced, the load of the switching element can also be
reduced.
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DRIVING METHOD OF ACTIVE MATRIX
DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an active matrix
display device. In particular, the invention relates to an
active matrix display device which employs a display
method of the in-plane switching mode (also called IPS
mode). The invention is intended to reduce potential varia-
tion of signals (or data) to thereby lower the power con-
sumption, and to reduce voltages applied to the switching
elements that are provided for the respective pixels to
thereby lower the loads of the switching elements. The
invention also relates to a driving method of a capacitive-
coupling-type display device such as a liquid crystal display
device.

[0003]

[0004] In a capacitive-coupling-type display device such
as a liquid crystal display device, it is necessary to invert the
polarity of a voltage applied to a pixel capacitor element.
This operation is also called alternating. This is because if
electric fields in one direction are always applied to an
electro-optical material (a material whose optical property
such as light transmittance, reflectance, or a refractive index
varies depending on the voltage applied thereto) provided
between the electrodes of a capacitor element, the material
will deteriorate. It is necessary to invert the polarity of the
voltage every field (or frame) or every several fields.

[0005] Among various inverting methods, there are a field
(or frame) inverting scheme in which the polarity is the same
over the entire display screen in each field (see FIG. 10A),
and a gate line inverting scheme in which the polarity of
each row is different from adjacent rows, (see FIG. 10B).
The above methods can be applied to the IPS mode.

1. Field of the Invention

2. Description of Related Art

[0006] Conventionally, the polarity inversion is performed
such that each pixel is supplied, from a data driver (signal
driver), with a signal whose polarity is inverted. FIG. 7
shows a unit pixel of a conventional active matrix liquid
crystal display device. A thin-film transistor T as a switching
element is controlled by a signal (selection pulses) on a scan
line X,. In a state that a selection pulse is applied to the
thin-film transistor T (on-state), a signal on a data line
(signal line) P__ is supplied to a liquid crystal pixel element
LC and, if necessary, to an auxiliary capacitor C connected
in parallel with the pixel element. On the other hand, the
potential of a common line (or common electrode) Y, is kept
constant. Charge is stored in accordance with a difference
between the potential supplied from the data line P, and that
of the common line Y.

[0007] FIG. 8 shows drive signals in a display device in
which such unit pixels are arranged in an N-row matrix. In
FIG. 8, a clock signal (sync signal) CLK indicates a
minimum operation time of the display device. Signals are
generated based on the clock signal CLK. As shown in FIG.
8, selection pulses are sequentially applied to scan lines X,
Xo X3 o oo, X1y Xn On the other hand, potentials
depending on image signals for the respective rows are
applied to a data line P,. This example is directed to the field
inverting scheme (FIG. 10A). For convenience of compari-
son, it is assumed that the image information of the fields are
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always the same; that is, the data of the second field is an
inversion of that of the first field with respect to the reference
potential (i.., the potential of the common lines). The same
relationship exists between the second and third fields.

[0008] FIG. 9 shows an example of data in the case of the
gate line inverting scheme (FIG. 10B). The data for each
row has opposite polarities between the first and second
fields.

[0009] As described above, in the conventional active
matrix liquid crystal display devices, the driver needs to
generate data whose variation range is two times that of a
signal required by only image information. That is, although
basically it is sufficient to apply a liquid crystal with
effective voltages of a 5 V, the necessity of inversion
requires a variation range of 10V, i.e., +5 V to =5 V. This
increases drive voltages of the driver, and hence is the
greatest obstacle to reduction in power consumption.

[0010] There is another problem because of the increase of
large potential variations of data, output potential differences
(i.e., selection pulse heights) of the scan driver, and power
consumption therein. Further, due to large voltages applied
to the active matrix circuit, the switching elements (transis-
tors) will possibly be broken or their characteristics will
possibly deteriorate.

[0011] The present invention has been made in view of the
above problems, and an object of the invention is therefore
to provide a device configuration and a corresponding
driving method which enable necessary polarity inversion
while minimizing data variations.

[0012] In the in-plane switching (IPS) mode, a display is
performed by applying electric fields of which directions are
parallel with a substrate surface by means of a single
substrate, in contrast to the conventional liquid crystal
display devices in which display is performed by applying,
between the substrates, electric fields perpendicular to the
substrates. Japanese Examined Patent Publication No. Sho.
63-21907 discloses the basic concept of the IPS mode in an
active matrix liquid crystal display device using thin-film
transistors as switching elements.

[0013] Among the inventions made by adapting the above
basic concept of the IPS mode are disclosed in Japanese
Unexamined Patent Publication Nos. Hei. 7-43744, Hei.
7-43716, Hei. 7-36058, Hei. 6-160878, Hei. 6-202073, Hei.
7-134301, and Hei. 6-214244. Further, Japanese Unexam-
ined Patent Publication No. Hei. 7-72491 is directed to a
case where the IPS mode is used in a passive matrix liquid
crystal display device. Japanese Unexamined Patent Publi-
cation No. Hei. 7-120791 1s directed to a case where the IPS
mode is employed in an active matrix liquid crystal display
device using thin-film diodes as switching elements.

[0014] The operation principle of the IPS mode disclosed
in the above prior art references will be briefly described
below with reference to FIGS. 5 and 6. FIG. 5 shows a unit
pixel of an active matrix liquid crystal display device using
the IPS mode. As in the case of ordinary active matrix liquid
crystal display devices, data lines 11 and scan lines 12 are
arranged in matrix form. In addition, common lines (also
called opposed electrode lines) 13 are provided.

[0015] Conventionally, the common lines 13 are not nec-
essary in the substrate because the opposed substrate has
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them. However, in the IPS mode in which the opposed
substrate has no electrode, wiring lines (i.e., common lines
13) having a function equivalent to that of the above
electrode need to be provided on the substrate concerned.

[0016] In the conventional IPS mode, the potential of the
common lines 13 is kept at a constant value. Where the
common lines 13 are formed at the same time as the scan
lines 12, the former is patterned so as not intersect the latter,
that is, so as to be parallel with the latter. With this structure,
the common line 13 may be overlapped with a pixel elec-
trode 14 which is formed at the same time as the data line
11, to form an auxiliary electrode C.

[0017] That is, the scan lines 12 and the common lines 13
can be formed at the same time and the data lines 11 and the
pixel electrodes 14 can also be formed at the same time. A
switching element (thin-film transistor, i.e., TFT) is formed
as shown in FIG. § with a portion of the scan line 12 used
as a control electrode (i.e., gate electrode). The input termi-
nal (source) of the switching element is in contact with the
data line 11 and the output terminal (drain) is in contact with
one electrode (pixel electrode 14) of the pixel capacitor
element. The common line 13 serves as the other electrode
of the pixel capacitor element.

[0018] In FIG. 6, since the common line 13 is so formed
as to be opposed to the pixel electrode 14 as described
above, when a potential is given to the pixel electrode 14,
electric fields indicated by arrows develop between the pixel
electrode 14 and the common line 13. Where a liquid crystal
is used as the electro-optical material, in the initial state
liquid crystal molecules are so oriented as to form a prede-
termined angle with expected electric fields (state a in FIG.
6). For example, in the case of a nematic liquid crystal, the
predetermined angle is 15°. When electric ficlds are applied,
liquid crystal molecules tend to become parallel with the
electric field (state b in FIG. 6). Gradation can be expressed
by properly utilizing the inclination of liquid crystal mol-
ecules. The description of the operation principle of the IPS
mode concludes here.

[0019] The IPS mode has a feature of a wider viewing
angle than in the conventional liquid crystal display devices
because the liquid crystal is oriented parallel with the
substrates. However, in the above-described prior art of the
IPS mode, no consideration is made of reduction in the load
of the data driver; data are generated in the same manner as
in the conventional cases.

SUMMARY OF THE INVENTION

[0020] According to the present invention, with keeping
the feature of the IPS mode, it is able to reduce the potential
variation range of data while inverting the direction of
electric fields applied to liquid crystal molecules. The inven-
tion is directed to a configuration in which the common lines
and the scan lines are arranged so as not to cross each other
and the potential of each common line can be controlled in
accordance with a signal supplied to the corresponding scan
line. The invention is characterized in that each common line
is given a potential Vi or V; (V>V,) during almost all of
a period when a selection pulse is not applied to the
corresponding scan line, and that each pixel electrode is
given a signal potential V,(V; =V,=V,) in accordance
with image information.
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[0021] Naturally, a potential other than Vi and Vi (for
instance, a middle value thereof or a value larger than the
middle value) may be given to the common lines in a very
short period (short enough not to affect an image; for
instance, immediately before or after application of a selec-
tion pulse).

[0022] To avoid affecting an image, the period during
which a potential other than Vy; and V; is applied should be
shorter than 20% of one field period, preferably shorter than
5% thereof. That is, the common lines should be kept at the
potential Vi; or V; during 80% or more of one field period,
preferably 95% or more thereof.

[0023] In the invention, in a case where inversion is
performed every field, the potential of each common line in
a certain field may be set different from that of immediately
preceding and following fields.

[0024] Since the potential of each common line needs to
be kept constant until another signal is input next via the
switching element, it may be changed to another value every
time a pulse signal is applied to the corresponding scan line.

[0025] The invention can be applied to both of the field
inverting scheme and the gate line inverting scheme. In the
latter case, the potentials of adjacent common lines may be
set always different from each other.

[0026] Where the invention is applied to a liquid crystal
display device, it is preferred that the potential given to each
common line be lower than the threshold voltage of a liquid
crystal, to avoid affecting an image.

[0027] When the voltage applied to a liquid crystal is
increased from 0 V, the major axes of liquid crystal mol-
ecules are rotated at a time point when the voltage exceeds
a certain value. This voltage value is called the threshold
voltage of the liquid crystal.

[0028] Therefore, even if the potentials of the common
lines vary, disorder in the alignment of the liquid crystal, and
resulting influences on an image are prevented by making
the absolute values of the potentials given to the common
lines smaller than the threshold voltage of the liquid crystal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 shows a field inverting type driving method
according to a first embodiment of the present invention;

[0030] FIG. 2 shows a gate line inverting type driving
method according to a second embodiment of the invention;

[0031] FIGS. 3A and 3B show the operation principle of
the invention for a unit pixel;

[0032] FIG. 4 shows potentials of part of the matrix in a
certain field in the second embodiment of the invention;

[0033] FIG. 5 shows a unit pixel in the IPS mode;
[0034] FIG. 6 shows the operation principle of the IPS
mode;

[0035] FIG. 7 shows the configuration of a unit pixel of an

active matrix liquid crystal display device;

[0036] FIG. 8 shows the operation of a conventional
active matrix liquid crystal display device (field inverting
mode);
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[0037] FIG. 9 shows the operation of a conventional
active matrix liquid crystal display device (gate line invert-
ing mode);

[0038] FIGS. 10A and 10B illustrate the concepts of field
(or frame) inversion and gate line inversion, respectively;

[0039] FIGS. 11A-11C shows differences between a con-
ventional driving method and a driving method according to
a third embodiment of the invention; and

[0040] FIG. 12A-12C show why it is not effective to
apply the invention to the source line inverting scheme.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0041] The operation of a unit pixel according to the
present invention will be described below with reference to
FIGS. 3A and 3B. A specific electrode/wiring line structure
corresponding to FIGS. 3A and 3B is the same as that of the
conventional active matrix display device of the IPS mode
shown in FIG. 5.

[0042] Both FIGS. 3A and 3B show a state that the
switching element SD is closed. Therefore, in either case,
the scan line Xn is supplied with a potential for rendering the
switching element SD in an off-state. Where the switching
element SD is a single, n-channel transistor, the necessary
and sufficient condition of such a potential Vx is V=V, +
Vi, (Vy, is the threshold voltage of the switching element
SD) for the reason described later.

[0043] 1In a certain field, a pixel electrode potential V is
equal to Vp,, which corresponds to image information and
satisfies a condition V; =V,=V, in any case. It goes
without saying that the pixel electrode potential V,_ is
determined by a potential V, of the data lines P at a time
point when the switching element SD is opened (more
precisely, at an instant when it is closed). Therefore,
VL EVLEV,

[0044] 1In FIG. 3A, a potential Vy of the common line Y,
is V. In this state, a potential difference V. (=V__-Vy)
applied to the pixel capacitor element LC is V-V, . Since
Vp2V,, the direction of an actual electric field is as
indicated by the arrow.

[0045] Tt is assumed that in the next field the potential
difference across the pixel capacitor element LC is reversed
(FIG. 3B). In this field, the potential Vy, of the common line
Y, is set at Vi, and the pixel electrode potential V__ is set
at Vg+V; -V, From the condition V;=V,=Vy, an
inequality V; SV +V, -V, SV}, is satisfied. The potential
difference V,  (=V,,,—Vy) applied to the pixel capacitor
element LC is equal to V, -V,. Since V[, 2V, the direction
of an actual electric field is as indicated by the arrow in FIG.
3B. Thus, the electric field direction can be reversed.

[0046] From the equations of V- in the above two fields,
the following inequalities hold:

(First field): Vpe=Vp-VL SVi-Vi
(Next field): V=V, -Vp =V -Vy

Therefore, there is the following relationship:
Vi-VuEVic V-V, o1

|VLC| é VH_ ‘IL
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[0047] That is, the magnitude of the voltage difference
across the pixel capacitor element LC is V=V, or less.
Incidentally, the above relationship is not satisfied in the
conventional method because the potential of the common
line Y,, does not vary, that is, V=V, =0 and |V, |>0. The
fact that the potential V, of the common electrode Y, varies
so as to have the above relationship satisfied is one of the
features of the invention.

[0048] Next, the potential of the data line P, will be
considered. To obtain the state of FIG. 3B, the potential Vp
of the data line P_, needs to be set such that Vo=V __=V+
Vi-Vp. Since V;EVu+V -VLEVy, the relationship
V.=V, =V, is satisfied also in this case. That is, when the
polarity inversion is performed, the potential Vp of the data
line P, satisfies V; SV,=V,,.

[0049] Where the switching element SD is a single,
n-channel transistor, to keep an off-state irrespective of the
potentials of the data line and the pixel electrode, the
potential Vi of the scan line (gate line) may be set lower
than a potential that is the total of the threshold voltage and
the lower one of the potentials of the data line and the pixel
electrode. Since the minimum value that can be taken by the
potentials of the data line and the pixel electrode is V, it is
sufficient that the potential V of the scan line be so set as
to satisfy Vx=V;+V,,.

[0050] On the other hand, to obtain an on-state, the
potential Vi of the scan line may be set higher than a
potential that is the total of the threshold voltage and the
higher one of the potentials of the data line and the pixel
electrode. Since the maximum value that can be taken by the
potentials of the data line and the pixel electrode is Vi, it is
sufficient that the potential V of the scan line be so set as
to satisfy V2V +V,,.

[0051] For example, where the maximum voltage differ-
ence applied to the pixel capacitor element LCis 5V, V; and
V; may be set at 0 V and +5 'V, respectively, in which case
the data line potential V, satisfies 0=V,=5 V. In this
manner, the voltage difference applied to the pixel capacitor
element L.C can have any value between -5 V and +5 V. On
the other hand, it is sufficient that the scan line potential V¢
be lower than V,, V in an on-state and higher than (5+V,;)
V in an on-state. For example, with assumptions that the
threshold voltage V,,, is +0.5 V and a margin of 1.5 V is
established, the scan line potential V5 may be set at 7 V in
an on-state and -1 V in an off-state.

[0052] As described above, the invention has another
feature that even if the variation range of data applied to the
data line (and the common line) is greatly reduced from that
of the conventional case, the direction of an electric field
applied to the liquid crystal capacitor element LC can still be
reversed.

[0053] For example, it is able to make the potential
variation range of data in half. The fact that the variation
range of the potential given to the scan line (i.e., the
selection pulse height) can be greatly reduced too, which is
another feature of the invention. In this manner, the inven-
tion can reduce the operation voltages to a large extent.

[0054] Although the invention is effective for inverting
schemes such as the field inversion and the gate line inver-
sion in which the pixels associated with the same scan line
have the same polarity, the above-described advantages
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cannot be obtained in inverting schemes such as the source
line inversion and the dot inversion in which the pixels
associated with the same scan line have different polarities.

[0055] The source line inverting scheme is characterized
in that adjacent pixel electrodes of the same row (i.e., the
same scan line) have different polarities. For example, as
shown in FIGS. 12A-12C, assume a case where potential
differences VLC1 and V; o, of two adjacent (i.c., left and
right) pixels are +5 V and -5 V in the first field (FIG. 124)
and =5 V and +5 V in the second field (FIG. 12B).

[0056] Where the switching element SD is an n-channel
transistor, the scan line potential is required to be lower than
the minimum potential of the data line in an off-state and to
be higher than the maximum potential of the data line in an
on-state. In the conventional methods (see FIGS. 8 and 9),
the potentials of both data lines P, and P__, ; varies between
-5 Vand +5 V, i, over a range of 10 V. Therefore, the
potential variation range of the scan line should also be 10
V.

[0057] To apply the invention to the left-side pixel, in the
first field the potential of the common line Y, and the data
of the data line P_, may be set at 0 V and +5 V, respectively,
and in the second field they may be set at +5 V and 0 V,
respectively. As for the right-hand pixel, the data of the data
line P_,, may be set at =5 V in the first field and 0 V in the
second field. FIG. 12C summarizes the above.

[0058] To effect switching under the above conditions
with the assumption that the switching element is an n-chan-
nel transistor SD, the potential of the scan line X should be
lower than -5 V (minimum potential of the data line) in an
off-state and should be higher than +5 V (maximum poten-
tial of the data line) in an on-state. That is, the variation
range of 10 V is still required; the invention is the same as
the conventional cases in terms of the potential variation
range of the scan line (i.e., the driving ability of the scan
driver). The invention provides no advantage in this respect.

[0059] However, the potential variation range of each data
line is 5 V, which is a half of that of the conventional cases.
Thus, the invention cannot substantially reduce the voltages
of the entire display circuit, but it is effective in reducing the
potential variation range of each data line. Naturally, the
effect of the source line inverting is less than that of the field
inverting or the gate lane inverting.

[0060] Incidentally, in the invention, the common line
cannot be formed in parallel with the data line because in
such a case a signal on the common line would vary in
accordance with the potential of the data line.

Embodiment 1

[0061] FIG. 1 shows a field inverting type driving method
according to the invention in an N-row active matrix liquid
crystal display device employing the IPS mode. In this
embodiment, the same display data as shown in FIG. 8 are
used. As shown in FIG. 1, in the first field, selection pulses
are sequentially applied to N scan lines X;, X, X5, . . .,
Xu_1» Xn+ At a time point when a pulse is applied to each
scan line, the potential of the corresponding one of the
common lines Y;, Y5, Y5, ..., Ya_y, Yy decreases from the
high-level (Vi) to the low-level (V;). Thus, the state of
FIG. 3A is realized.
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[0062] Conversely, in the second field, when selection
pulses are sequentially applied to the scan lines X, X,, X,
.o Xao_1» Xnp the potentials of the corresponding common
linesY,,Y,, Y, ..., Yy ;, Yyincrease from the low-level
to the high-level. This the state of FIG. 3B is realized.

[0063] In the third field, the same operation as in the first
field is performed. The direction of an electric field applied
to each liquid crystal capacitor element in the first field is in
inverse to that in the second field. The same relationship
holds between the second field and the third field. In this
embodiment, the state of FIG. 3A or 3B is established in all
rows in a certain field. Thus, the field inverting type driving
is performed.

Embodiment 2

[0064] FIG. 2 shows a gate line inverting type driving
method according to the invention in an N-row active matrix
liquid crystal display device employing the IPS mode. As
shown in FIG. 2, in the first field, the potentials of the
odd-numbered common lines Y,, Y5, . . . are changed from
the high-level to the low-level when selection pulses are
applied to the corresponding scan lines. Conversely, the
potentials of the even-numbered common lines Y,, Yy, . . .
are changed from the low-level to the high-level when
selection pulses are applied to the corresponding scan lines.

[0065] That is, in the first field, the state of FIG. 3A is
established in the odd-numbered rows and the state of FIG.
3B is established in the even-numbered rows. Thus, a gate
line inverting state is attained in which the directions of
electric fields applied to the liquid crystal capacitor elements
LC in adjacent rows are reverse to each other.

[0066] The operation in the second field is in converse to
that in the first field. The potentials of the odd-numbered
common lines Y, Y5, . .. are changed from the low-level to
the high-level while the potentials of the even-numbered
common lines Y,, Y,, . . . are changed from the high-level
to the low-level. That is, in the second field, the state of FIG.
3B is established in the odd-numbered rows and the state of
FIG. 3A is established in the even-numbered rows. The
operation in the third field is the same as in the first field.

[0067] When attention is paid to a particular row, it is seen
that the direction of an electric field applied to the liquid
crystal capacitor element LC in the first field is in inverse to
that in the second field. In this embodiment, the direction of
electric fields applied to the liquid crystal capacitor elements
LC of the even-numbered rows is in inverse to that of the
odd-numbered rows; that is, the line inverting type driving
is performed.

[0068] FIG. 4 shows potentials of part of the matrix in a
certain field. In FIG. 4, values shown in the matrix represent
potentials of the associated pixel electrodes. As for the
potentials of the common lines, V; =0V and Vi is +5 V. The
scan lines are given a potential of -1 V in an off-state and
+7 V in an on-state.

[0069] In FIG. 4, the pixels of the fourth row are being
subjected to writing. Although the first and second rows
display exactly the same image information, the directions
of electric fields are in inverse in those rows. For example,
with attention paid to the first-row/second column unit pixel
and the second-row/second-column unit pixel, in the former
unit pixel the potential of the pixel electrode is higher than
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that of the common line with a potential difference of +4 V,
whereas the latter unit pixel has a potential difference of -4
V. A similar relationship holds between other pairs of
electrodes. In the fourth row under writing, the potentials of
the data lines P,-P, are so set that the same image informa-
tion as has been written to the third row is written to the
fourth row (the directions of electric fields are in inverse).

Embodiment 3

[0070] Differences between the driving method of the
invention and the conventional driving method will be
described below with reference FIGS. 11A-11C. FIGS.
11A-11C show waveforms of the potentials of the scan line
X, the data line P_, and the common line Y, that are
connected to the pixel shown in FIG. 7. It is assumed that
the field inverting scheme is employed. This embodiment
employs a scheme in which an offset voltage V g is always
superimposed on the voltage that is applied to the pixel. In
FIGS. 11A-11C, the potential V. applied to the scan line X
and the potential V, of the data line P, are expressed with
overlapping on each other, the potential Vy, of the common
line V, is drawn separately with V. used as a reference
potential when it varies over time (FIGS. 11B and 11C), to
prevent the drawings from becoming unduly complex.

[0071] FIG. 11A shows the conventional driving method.
The potential Vy of the common line (or common electrode)
Y, is kept at the constant value V. The potential variation
due to the image information itself is only V.. However,
due to the offset voltage V_g, the potential V, of the data line
P, has the maximum variation of 2(V_,, +V g). Accord-
ingly, the height of selection pulses on the scan line X,
increases.

[0072] However, as a matter of fact, useless voltages are
applied to the data line P_ . One of those voltages is the offset
voltage V_gz. The offset voltage V & need not be supplied via
the data line P,,. The potential variation of the data line P,
can be reduced by supplying the offset voltage V_g via the
common line Y,. FIG. 11B shows such a case.

[0073] What we should pay attention to is the potential
difference applied to “the pixel in an off-state” rather than
the potential difference between “the data line P_ and the
common line Yn.” Therefore, the offset voltage V_g is
supplied to the common line Y, in synchronism with the
application of a selection pulse to the scan line X . In the
example of FIG. 11B, the potential of the common line Y,
is changed to V. immediately before the application of a
selection pulse. The voltage based on only the image infor-
mation is applied to the data line P_.

[0074] In the above manner, the potential variation of the
data line P,, can be reduced to 2V, and the selection pulse
height can be reduced accordingly. It is apparent that the
voltage applied to the pixel in an off-state is almost the same
as in the conventional case.

[0075] However, even in the driving method of FIG. 11B,
a useless voltage is still applied to the data line P_, which
is an inverted output for the alternating. To eliminate the
inverting output, in the second field the data is given a bias
of V,,,, with respect to the data shown in FIG. 11B (also
indicated by a broken line in FIG. 11C; this data is based on
only the image information). With this measure, the poten-

tial variation of the data line P, is reduced to V..
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[0076] Since the potential Vy, of the data line P_, is biased
by Vamp in the second field, the potential Vy, of the common
line Y, should also be increased by V,,,,, in the second field.
If this is not the case, the polarity inversion is not effected
properly. FIG. 11C is an example in which the potential
variation of the data line P_ is decreased according to the
above-described concept.

[0077] As described above, the potential variation of the
data line P, can be reduced to V,, and the selection pulse
height can be reduced accordingly. It is apparent that the
voltage applied to the pixel in a non-selection state is exactly
the same as in the case of FIG. 11B and almost the same as
in the conventional case of FIG. 11A.

[0078] For example, if V¢ and V,, are respectively set
at 2 Vand 3 V and the selection pulse height is so set as to
have a 2-V margin with respect to each of the minimum and
maximum values of the potential V of the data line P_, the
potential variation range of the data line P is 10 V and the
selection pulse height is 14 V in the conventional driving
method of FIG. 11A.

[0079] On the other hand, the potential variation range of
the data line P is 6 V and the selection pulse height is 10
V in the case of FIG. 11B. In the case of FIG. 11C, the
potential variation range of the data line P and the selection
pulse height can be reduced to 3 V and 7V, respectively.

[0080] As described above, the invention can make the
potential variation of data in half while enabling the direc-
tions of electric fields applied to liquid crystal capacitor
elements to be inverted. As a result, the drive voltages of the
data driver can be made a half of those in the conventional
case, which is effective in reducing the power consumption.
Further, the employment of the invention is advantageous
also in the driving circuit of the scan driver and the tran-
sistors used in the active matrix circuit.

[0081] For example, in an active matrix circuit (see FIG.
7) employing the conventional driving method, if the poten-
tial of the electrode of the opposed substrate (or common
lines) is set at a constant value, for instance, 0 V, and the
variation range of the data for image display is 0 to 5V, the
potential of data that is output from the data driver varies
from +5 V to =5 V (variation range: 10 V). That is, the
source-drain potential difference of the transistors amounts
to 10 V at the maximum.

[0082] To keep the transistors in an off-state during non-
selection periods in a stable manner even under the above
condition, the gate electrode potential of the transistors
needs to be lower than -5+V,, V (for NMOS transistors;
higher than 5-V,,, V for PMOS transistors). (The following
description will be directed only to the case of NMOS
transistors.)

[0083] Further, to keep the transistors in an on-state during
selection periods in a reliable manner, the gate electrode
potential of the transistors needs to be higher than +5+V,,, V.

[0084] 1In the above description of the embodiments, it is
assumed that the threshold voltage V,, is +0.5 V and the
margin is 1.5 V. Under the same conditions, the potentials to
keep an off-state and an on-state should be -6 V and +7 V,
respectively. In this case, the maximum source-drain poten-
tial difference and the maximum gate-source (or gate-drain)
potential difference of the switching transistors amount to 10
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V and 12 V, respectively. It is understood that an unduly
heavy load as compared to the voltage (5 V) required from
image information is imposed on the switching transistors.
For this reason, high-breakdown-voltage transistors need to
be used in the active matrix circuit.

[0085] The scan driver is also required to produce voltages
ranging from -6 V to +7 V, i.e., having a potential difference
(selection pulse height) of 13 V, which is unduly large.
Further, the output potential difference of the data driver is
10 V.

[0086] In contrast, according to the invention, even if the
same transistors are used to perform the same display as in
the above case, the potential variation of data is from 0 V to
5 V (potential difference: 5 V) and the potential of the data
line can be kept of the same polarity, as described in the
above embodiments. Further, to keep the transistors in an
off-state during non-selection periods in a stable manner, the
gate electrode potential of the transistors may be set at about
-1 V. To keep the transistors in an on-state during selection
periods in a reliable manner, the gate electrode potential may
be set at about +7 V. That is, the output potential difference
(selection pulse height) of the scan driver is 8 V.

[0087] That is, according to the invention, the switching
transistors of the active matrix circuit have the maximum
source-drain potential difference of 5 V and the maximum
gate-source (or gate-drain) potential difference of 7 V, for
instance. The latter value is much smaller than the potential
difference 12 V of the conventional case. Although the 5
V-decrease in potential difference may not appear to provide
remarkable effects, it can sufficiently reduce the load of the
transistors; that is, it is very effective in increasing the yield
of transistors.

[0088] Experiments of the present inventors have proved
that where a 1,200-A-thick silicon oxide film is used as the
gate-insulating film, a very small number of transistors are
broken when, the gate-source voltage is smaller than 10 V,
whereas once the gate-source voltage exceeds 10 V the
number of broken transistors increases exponentially with
every 1 V-increment. Thus, to make the gate-source voltage
smaller than 10 V is very meaningful from the industrial
viewpoint.

[0089] As described above, the invention enables the
driving in which the potential of data varies from 0 V to 5
V, which means that the potential variation range is 5 V and
the potential of the data line has a single polarity.

[0090] As a result, the invention allows the data driver to
produce signals of a single polarity, in contrast to the fact
that conventionally the data driver needs to supply polarity-
inverting signals to the data lines to effect alternating.

[0091] Further, according to the invention, the height of
selection pulses that are output from the scan driver is 8 V,
which is smaller than the conventional value of 13 V. This
means reduction in the load of the scan driver.

[0092] Thus, the invention can reduce the power con-
sumption not only in the data driver but also in the scan
driver, and can also reduce the load of the transistors used in
the active matrix circuit. In particular, as long as the latter
item is concerned, even transistors of a little low in quality
are allowed to operate with sufficient performance.
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[0093] The fact that the output voltages of the scan driver
and the data driver can be reduced means that the load of the
transistors used therein can also be reduced. This is particu-
larly effective in what is called a monolithic active matrix
circuit in which the scan driver and the data driver are
incorporated in the same substrate as the active matrix
circuit in an integral manner. This is because in a monolithic
active matrix circuit thin-film transistors are generally used
in the scan driver and the data driver as in the active matrix
circuit and the thin-film transistors have a weakness of a low
breakdown voltage.

[0094] Further, the reduction in selection pulse height
leads to a reduction in the pixel-side voltage drop that is
caused at the time of switching by the existence of a parasitic
capacitor of the switching transistor (what is called a
feedthrough voltage). This is because this voltage drop is
proportional to the selection pulse height.

[0095] Although the above embodiments are directed to
the case where n-channel transistors (NMOS transistors) are
used, it goes without saying that the driving can be per-
formed in the same manner even with p-channel transistors
(PMOS transistors). Further, although the above embodi-
ments are directed to the case of in-plane switching (IPS)
mode, the present invention is not limited for the IPS device.
Exhibiting various advantages when applied to active matrix
liquid crystal display devices as described above, the inven-
tion is very useful from the industrial viewpoint.

What is claimed is:
1. A driving method for an active matrix display device of
an in-plane switching mode comprising:

a plurality of scan lines arranged so as not to intersect
each other;

a plurality of data lines arranged so as to cross said scan
lines;

a plurality of common lines arranged corresponding to
respective scan lines so as not to cross said scan lines;

a pixel capacitor element having a pair of electrodes, said
pixel capacitor element being provided for each inter-
section of said scan lines and said data lines, one of said
electrodes being connected to a corresponding one of
said common lines; and

a switching element comprising a control electrode and
input and output terminals, said switching element
being provided for each intersection of said scan lines
and said data lines, said input terminal being connected
to a corresponding one of said data lines, said output
terminal being connected to the other of said electrodes
of said pixel capacitor element, said control electrode
being connected to a corresponding one of said scan
lines, comprising the steps of:

keeping each of said common lines at potential being
selected from V; and V, , where V>V, during almost
all of a period when a selection pulse is not applied to
a corresponding one of said scan lines; and

applying to said data lines a signal potential V, where
VLEVLEVL
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