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7) ABSTRACT

A pixel has first to third N-type TFT elements serially
connected between a data line and a pixel electrode node.
Each gate of the first and second TFT elements is connected
to a first gate line, while the gate of the third TFT element
is connected to a second gate line. The first and second gate
lines in a select state each set to a high voltage that can fully
turn-on the first to third TFT elements. The first gate line in
a non-select state is set to a low voltage that can fully
turn-off the first and second TFT elements, while the second
gate line in the non-select state is set to an intermediate
voltage between the maximum and the minimum voltages
being transmitted on the data line.
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LIQUID CRYSTAL DISPLAY APPARATUS HAVING
PIXELS WITH LOW LEAKAGE CURRENT

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display apparatus, and more specifically, to a liquid crystal
display apparatus having a gate insulating field effect tran-
sistor in each pixel.

[0003]

[0004] As a display panel for a personal computer, a
television receiver, a mobile phone, and a personal digital
assistant, a liquid crystal display apparatus having liquid
crystal elements as display pixels is used. Such a liquid
crystal display apparatus is effective in reducing power
consumption, size and weight, as compared to a conven-
tional type.

[0005] The display luminance of a liquid crystal element
changes in accordance with the level of voltage applied
thereon (hereinafter a voltage applied to a liquid crystal
element is also referred to as “a display voltage”). The
display panel of a liquid crystal display apparatus is formed
with pixels each having a liquid crystal element. Each pixel
is applied a display voltage during a scanning period that is
cyclically provided in accordance with a prescribed scan-
ning cycle.

[0006] Each pixel in a non-scanning period retains the
display voltage that is applied during a scanning period to
provide the luminance corresponding to that retained volt-
age. For each pixel, a non-scanning period for retaining a
data (a display voltage) is overwhelmingly longer than a
scanning period for being written a data, i.e., being applied
with a display voltage. For instance, for each pixel in a liquid
crystal display apparatus with 200 scanning lines, a non-
scanning period will be 200 times longer than a scanning
period. Hence, the display voltage retentivity (data retentiv-
ity) in each pixel is significant, since lower display voltage
retentivity requires a scan at higher frequencies, increasing
the power consumption.

[0007] Generally, pixels are arranged on a glass substrate
or a semiconductor substrate using a TFT (Thin Film Tran-
sistor) element or the like. Therefore, the display voltage
retentivity above may be degraded when the level of
retained display voltage decreases due to a leakage current
occurring in the TFT element in a non-scanning period.

[0008] A configuration for suppressing such a leakage
current during a non-scanning period is disclosed, for
example, in Japanese Patent Laying-Open No. 5-127619, in
which a plurality of TFT elements are connected in series in
each pixel to divide a voltage applied on the TFT elements
(source-drain voltage).

[0009] However, even with the pixel configuration shown
in Japanese Patent Laying-Open No. 5-127619, it is difficult
to suppress the leakage current at higher display voltages.
Another known configuration involves controlling a gate
voltage to forcibly reverse-bias a TFT element in a non-
scanning period. In this case, since a voltage stress on a gate
insulation film is large, the reliability of the gate insulation
film becomes a problem.

1. Field of the Invention

2. Description of the Background Art
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SUMMARY OF THE INVENTION

[0010] The object of the present invention is to provide a
liquid crystal display apparatus with pixels that can prevent
breakdown of a gate insulation film while suppressing a
leakage current for a field-effect transistor (a TFT element)
in a non-scanning period (a data retention period).

[0011] A liquid crystal display apparatus comprises a
plurality of pixels arranged in rows and columns, each for
providing luminance corresponding to a display voltage; a
plurality of first and second gate lines provided correspond-
ing to the rows of pixels, respectively; a plurality of data
lines provided corresponding to the columns of pixels,
respectively; a gate drive circuit for driving each of the
plurality of first and second gate lines to a voltage that is
different between a select state in which corresponding one
of the rows is selected for a scanning target in accordance
with a prescribed scanning cycle and a non-select state
except for the select state; and a source drive circuit for
driving the plurality of data lines to the display voltage that
corresponds to the pixels included in the row selected for the
scanning target. The plurality of pixels each includes a liquid
crystal element having a pixel electrode and a common
electrode for providing luminance that corresponds to a
voltage difference between the pixel electrode and the
common electrode, a first field-effect transistor electrically
connected between corresponding one of the data lines and
a first node, and having its gate electrically connected to
corresponding one of the first gate lines, and a second
field-effect transistor electrically connected between the first
node and the pixel electrode, and having its gate electrically
connected to corresponding the second gate line. The gate
drive circuit sets each voltage of the first and second gate
lines in the select state to a first voltage that can turn-on each
of the first and second field-effect transistors, while setting
a voltage of the first gate line in the non-select state to a
second voltage that can turn-off the first field-effect transis-
tor as well as setting a voltage of the second gate line in the
non-select state to a third voltage that is intermediate
between a maximum value and a minimum value of the
display voltage.

[0012] A liquid crystal display apparatus according to
another configuration comprises a pixel for providing lumi-
nance corresponding to a display voltage; and a data line for
transmitting the display voltage supplied to the pixel. The
pixel includes a liquid crystal display element having a pixel
electrode and a common electrode for providing luminance
corresponding to a voltage difference between the pixel
electrode and the common electrode, a first field-effect
transistor electrically connected between the data line and a
first node, and a second field-effect transistor electrically
connected between the first node and the pixel electrode.
The liquid crystal display apparatus further comprises a gate
drive circuit for driving each gate voltage of the first and
second field-effect transistors to a voltage that is different
between a select state in which the pixel is selected for a
scanning target in accordance with a prescribed scanning
cycle and a non-select state except for the select state. The
gate drive circuit in the select state sets each gate voltage to
a first voltage that can turn-on each of the first and second
field-effect transistors, while setting a gate voltage of the
first field-effect transistor in the non-select state to a second
voltage that can turn-off the first field-effect transistor as
well as setting a voltage of the second field-effect transistor
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in the non-select state to a third voltage that is intermediate
between a maximum value and a minimum value of the
display voltage.

[0013] Accordingly, the primary advantage of the present
invention is in suppression of an off-leakage current of a
TFT element in a non-scanning period and reduction of
voltage stress to a gate insulation film, which are achieved
by serially connecting a plurality of TFT elements between
a data line and a pixel electrode in each pixel, which can
independently control the gate voltage.

[0014] As aresult, display voltage retentivity in each pixel
may be improved, and thus, a scanning cycle can be made
longer to reduce the power consumption, variations in
luminance can be suppressed to improve the display quality,
and the operating reliability of the TFT elements can be
improved.

[0015] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a block diagram showing an overall
configuration of a liquid crystal display apparatus according
to an embodiment of the present invention;

[0017] FIG. 2 is an equivalent circuit diagram showing a
configuration example of a pixel shown as a first compara-
tive example;

[0018] FIG. 3 is an equivalent circuit diagram showing a
configuration example of a pixel shown as a second com-
parative example;

[0019] FIG. 4 is an equivalent circuit diagram showing a
configuration example of a pixel according to a first embodi-
ment of the present invention,

[0020] FIG. 5 is a conceptual illustration showing a con-
figuration of a gate line voltage driving portion in a gate
drive circuit shown in FIG. 1;

[0021] FIG. 6 is a circuit diagram showing a specific
configuration example of a gate drive unit shown in FIG. 4;

[0022] FIG. 7 is an equivalent circuit diagram showing a
configuration example of a pixel according to a second
embodiment of the present invention; and

[0023] FIG. 8 is a circuit diagram illustrating a configu-
ration of a gate line driver according to a third embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] In the following, embodiments of the present
invention are described referring to the figures.

First Embodiment First, an overall configuration of
a liquid crystal display apparatus according to an
embodiment of the present invention is described.

[0025] Referring to FIG. 1, a liquid crystal display appa-
ratus 5 includes a liquid crystal array portion 20, a gate drive
circuit 30, and a source drive circuit 40. Liquid crystal array
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portion 20 includes a plurality of pixels 10 arranged in rows
and columns. Corresponding to each row of pixels (herein-
after also referred to as “a pixel row”), a first gate line GL
and a second gate line GL# are arranged. Further, corre-
sponding to each column of pixels (hereinafter also referred
to as “a pixel column”), a data line DL is arranged. FIG. 1
representatively shows pixels in the first and second col-
umns in the first row, and corresponding gate lines GL1,
GL1# and data lines DL1, D1.2.

[0026] Gate drive circuit 30 controls the voltage of gate
lines GL, GL# so that gate lines GL, GL# are set to a select
state in a scanning period and set to a non-select state in a
non-scanning period, based on a prescribed scanning cycle.
Gate lines GL, GL# are driven to a voltage that is different
between a select state and non-select state. Further, gate
lines GL and GL# may be independently controlled in each
pixel row.

[0027] Source drive circuit 40 outputs a display voltage on
data line DL that is set stepwise by a display signal SIG,
which is an N-bit (N: a natural number) digital signal. FIG.
1 representatively shows a configuration where N=6, i.c.,
display signal SIG is formed with display signal bits D0-DS5.

[0028] Based on the 6-bit display signal, luminance can be
provided in 2°=64 steps of gray scale in each pixel 10.
Further, when one color display unit is formed with each one
of R (Red), G (Green) and B (Blue) pixels, approximately
260,000 colors can be displayed.

[0029] Source drive circuit 40 includes a shift register 50,
data latch circuits 52, 54, a gray scale voltage generating
circuit 60, a decode circuit 70, and an analog amplifier 80.

[0030] Display signal SIG is serially generated corre-
sponding to display luminance for each pixel 10. Specifi-
cally, display signal bits D0-D5 in each timing indicate
display luminance in one pixel 10 in liquid crystal array
portion 20.

[0031] Shift register 50 instructs data latch circuit 52 to
capture display signal bits D0-D5 at a timing synchronized
with a prescribed cycle for switching the setting of display
signal SIG. Data latch circuit 52 successively captures
serially generated display signals SIG for one pixel row for
retention.

[0032] At a timing when display signals SIG for one pixel
row are captured in data latch circuit 52, the group of display
signals latched by data latch circuit 52 is transmitted to data
latch circuit 54 in response to the activation of a latch signal
LT.

[0033] Gray scale voltage generating circuit 60 is formed
with sixty-four numbers of voltage divider resistors that are
serially connected between high voltage VH and low voltage
VL, and generates 64 steps of gray scale voltages V1-V64 on
gray scale voltage nodes N1-N64, respectively.

[0034] Decode circuit 70 decodes the display signal
latched by data latch circuit 54, and selects from gray scale
voltages V1-V64 based on the decode result. Decode circuit
70 outputs the selected gray scale voltage (one of V1-V64)
on decode output node Nd as a display voltage. In the
present embodiment, decode circuit 70 outputs display volt-
ages for one row in parallel, based on the display signals
latched by data latch circuit 54. Note that FIG. 1 represen-
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tatively shows decode output nodes Nd1, Nd2 correspond-
ing to data lines DL1, D12 in the first and second columns.

[0035] Analog amplifier 80 outputs analog voltages on
data lines DL1, DI2, respectively, that correspond to the
display voltages provided on decode output nodes NDI,
Nd2, . . ., respectively.

[0036] Though the configuration of liquid crystal display
apparatus 5 in which gate drive circuit 30 and source drive
circuit 40 are integrally formed with liquid crystal array
portion 20 in FIG. 1, gate drive circuit 30 and source drive
circuit 40 may be provided as external circuitry of liquid
crystal array portion 20.

TECHNIQUE OF SUPPRESSING LEAKAGE
CURRENT IN PIXEL AS COMPARATIVE
EXAMPLE

[0037] Next, a comparative example of a pixel configu-
ration and a leakage current suppression is described for
comparison with a pixel according to the present invention.

[0038] Pixel 10# shown in FIG. 2 may be used in place of
pixel 10 in liquid crystal array portion 20 of liquid crystal
display apparatus 5 shown in FIG. 1. Note that gate line
GL# in liquid crystal array portion 20 is not necessary in the
present case, since pixel 10# of the comparative example
requires only one type of gate line GL.

[0039] Referring to FIG. 2, pixel 10# includes a liquid
crystal element 12, a storage capacitor 14, N-type TFT
elements 16, 18. Liquid crystal element 12 is connected
between pixel electrode node Np and common electrode
node Nc to provide a luminance corresponding to a voltage
difference between pixel electrode node Np and common
electrode node Nc. Common electrode node Nc is shared by
a plurality of pixels in liquid crystal array portion 20 and
supplied with a prescribed common voltage VCOM. Node
Na corresponds to a connection node of N-type TFT ele-
ments 16 and 18.

[0040] In the following, it is assumed that smaller lumi-
nance is derived from larger voltage difference between
pixel electrode node Np and common electrode node Ne.
Specifically, a voltage difference between the voltage of
pixel electrode node Np (display voltage) and common
voltage VCOM becomes maximum at the minimum lumi-
nance (displaying in black), whereas the display voltage and
common voltage VCOM are at the same level at the maxi-
mum luminance (displaying in white).

[0041] Storage capacitor 14 is provided to retain the
voltage of pixel electrode node Np, and connected between
pixel electrode node Np and a node supplying a prescribed
voltage VSS. Prescribed voltage VSS is only required to be
at a constant voltage level, and may be common voltage
VCOM.

[0042] N-type TFT elements 16 and 18 are shown as
representatives of gate insulating field-effect transistor, and
generally formed on the same insulating substrate (a glass
substrate, a resin substrate and the like) as the liquid crystal
element 12. N-type TFT elements 16 and 18 are serially
connected between corresponding data line DL and pixel
electrode node Np, each gate being connected to correspond-
ing gate line GL. In a scanning period where corresponding
gate line GL is set to a select state (high level voltage),
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N-type TFT elements 16 and 18 turn on to connect corre-
sponding data line DL and pixel electrode node Np. Thus,
the display voltage is written in pixel electrode node Np
from source drive circuit 40 via data line DL, and thus
written display voltage is retained by storage capacitor 14.

[0043] Inanon-scanning period where corresponding gate
line GL is set to a non-select state (low level voltage),
N-type TFT elements 16 and 18 turn off. As described above,
since a plurality of TFT elements are serially connected
between data line DL and pixel electrode node Np and thus
source-drain voltage of each TFT element that turned off is
reduced, an off-leakage current thereof is suppressed as well.
The number of TFT elements may be one or more arbitrary
numbers in accordance with the level of a leakage current.

[0044]

[0045] 1Inorder to avoid image persistence of liquid crystal
elements, liquid crystal elements are generally AC-driven.
For instance, common voltage VCOM is set to a constant
DC voltage, and then a display voltage corresponding to the
minimum luminance (displaying in black) is defined to
switch between low voltage side or high voltage side relative
to common voltage VCOM at a constant cycle.

[0046] Specifically, assuming that a voltage difference
between pixel electrode node Np and common electrode
node Nc required for displaying in black is VD, then the
maximum and minimum values of the display voltage are
expressed by VDHmax and VDLmin shown in expressions
(1) and (2), respectively. Since a display voltage is trans-
mitted through a data line, VDHmax and VDLmin also
correspond to the maximum and minimum voltages of data
line DL, respectively.

Next, the operation of pixel 104# is described.

VDHmax=VCOM+VD )
VDLmin=VCOM-VD @
[0047] By subtracting (2) from (1), the following expres-

sion (3) can be derived:
VDHmax=VDLmin+2-VD 3

[0048] A leakage current is more likely to flow when the
voltage difference between pixel electrode node Np and data
line DL is larger. In a non-scanning period (data retention
period), for example, a leakage current is most likely to
occur when pixel electrode node Np retains VDHmax as a
display voltage while data line DL transmits VDLmin.

[0049] 1In order to suppress the leakage current, it is
required to reduce the gate voltage of N-type TFT elements
16, 18 lower than the source voltage to turn-off these TFT
elements more forcibly. Thus, considering the minimum
voltage VDLmin of data line DL, gate line voltage VGL in
a non-scanning period, i.e., in a non-select state must be set
as in the following expression (4):

VGL=VDLmin-Vm 4

[0050] where Vm is a margin voltage for ensuring the
turn-off of TFT elements.

[0051] The voltage of pixel electrode node Np retaining
display voltage VDHmax can be determined to be VNp-
max=VDLmin+2-VD from expression (3). Accordingly, the
voltage between gate line GL and pixel electrode node Np,
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i.e., gate-drain voltage VGD of N-type TFT element 18 takes
on the maximum value in the following expression (5):

VGD=VGL-VNpmax=VDLmin-Vin-(VDLmin+

2-VD)=—Vin-2-VD )
[0052] As general numerical values, assuming that
Vm=2(V) and VD=5(V), then VGD=-12(V) can be deter-
mined from expression (5). This voltage difference is con-
siderably large as compared to an operating voltage of
internal circuitry of a liquid crystal display apparatus, which
is generally 7-8 (V). This voltage difference is continuously
applied to gate-source of N-type TFT element 18 in a
non-scanning period.

[0053] Note that gate line voltage VGH in a scanning
period, i.e., in a select state must be set in a range determined
by the following expression (6) for transmitting the maxi-
mum voltage VDHmax of a data line:

VGH>VDHmax+Vih (6)

[0054] where Vth is a threshold voltage of N-type TFT
clements 16, 18.

[0055] Another known configuration of a conventional
pixel configuration is to set common voltage VCOM of
common electrode node Nc to be AC voltage for reducing
power consumption by reducing a voltage amplitude of data
line DL.

[0056] Referring to FIG. 3, pixel 11# shown as a second
comparative example can be used in place of pixel 10 in
liquid crystal array portion 20 in FIG. 1, similarly to pixel
10# shown in FIG. 2. Again, gate line GL# is not necessary
in liquid crystal array portion 20 when pixel 11# is
employed, since it requires only one type of gate line GL.

[0057] Referring to FIG. 3, pixel 11# is different from
pixel 10# shown in FIG. 2 in that storage capacitor 14 is
connected between pixel electrode node Np and common
electrode node Ne. Further, common electrode node Ne is
supplied with an AC voltage rather than a constant DC
voltage, which is alternately set to low voltage VCOML and
high voltage VCOMH in a prescribed cycle. The amplitude
of this AC voltage corresponds to prescribed voltage VD
described above. Specifically, it can be expressed as
VCOMH-VCOML=VD.

[0058] In the pixel shown in FIG. 3, in a period in which
common electrode node Ne is set to low voltage VCOML,
the display voltage is set to VCOML+VD when providing
the minimum luminance (displaying in black), while it is set
to VCOML when providing the maximum luminance (dis-
playing in white). In a period when common electrode node
Nc is set to high voltage VCOMH, the display voltage is set
to VCOMH-VD when providing the minimum luminance
(displaying in black), while it is set to VCOMH when
providing the maximum luminance (displaying in white).

[0059] Therefore, considering a data line voltage, maxi-
mum voltage VDHmax and minimum voltage VDLmin of a
data line are determined by the following expressions (7)
and (8):

VDHmax=VCOML+VD ™

VDLmin=VCOMH-VD ®)
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[0060] By subtracting (8) from (7), the following expres-
sion can be derived:

VDHmax=VDLmin+2-VD-(VCOMH-VCOML)=
VDLmin+2VD-VD=VDLmin+VD [©)

[0061] Comparing expression (9) with (3), the maximum
voltage of a data line in a liquid crystal display apparatus
using pixel 11# of FIG. 3 can be made smaller by VD than
in a liquid crystal display apparatus using pixel 10# As a
result, power consumption can be reduced.

[0062] Since common electrode node Ne¢ is normally
commonly connected to all liquid crystal elements, when the
voltage of the common electrode node changes, the voltage
of all common electrode nodes changes simultaneously.
Therefore, in pixel electrode node Np that is in a data
retention state (a non-scanning period) at this time, the
voltage changes by the voltage change amount of common
electrode node Nc (i.e., by VD).

[0063] As a result, the voltage of pixel electrode node
retaining the display voltage of VDHmax can be expressed
by the following expression (10);

VNpmax=VDHmax+VD (10)

[0064] The voltage of pixel electrode node Np retaining
the display voltage of VDLmin can be expressed by the
following expression (11):

VNpmin=VDLmin-VD (12)

[0065] According to equation (11), the source voltage of
N-type TFT elements 16, 18 is reducing toward negative
direction. It is the voltage change in the direction in which
N-type TFT elements 16, 18 turn on. In order to avoid it, gate
line voltage VGL in a non-select state must be lowered by
the voltage change amount of common voltage VCOM.

[0066] Therefore, in a liquid crystal display apparatus with
pixel 11#, gate line voltage VGL in a non-select state must
be determined by the following expression (12) in order to
suppress a leakage current:

VGL=VDLmin-Vim-VD (12)

[0067] As a result, the maximum value of gate-drain
voltage VGD of N-type TFT element 18 can be determined
by the following expression (13):

VGD=VGL-VNpmax=VDLmin-Vin-VD-(VDHmax+

VD)=VDLmin-VDHmax-2-VD-Vm 13)
[0068] where, as general numerical values, VDHmax=5
(V), VD=5 (V), V=2 (V) and VDLmin=0(V), then VGD=-
17 (V). Thus, further larger current as compared to pixel 104
in FIG. 2 is continuously applied on gate-drain of N-type
TFT element 18 in a non-scanning period.

[0069] Note that gate line voltage VGH in a scanning
period, i.e., in a select state is set based on expression (0) to
transmit maximum voltage VDHmax on a data line.

[0070] As generally known, the on/off switching of a
field-effect transistor such as a TFT element is controlled by
applying a voltage on the gate that is separated from the
channel region by an insulation film. If a dielectric break-
down occurs in the insulation film immediately below the
gate, the gate and the channel region are short-circuited to
pass a large current. Accordingly, the reliability of the gate
insulation film must be considered adequately.
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[0071] Since the voltage applied on the gate insulation
film itself is smaller than gate line voltage VGH in a select
state, the gate insulation film of TFT element is designed to
withstand the voltage VGH applied during a scanning
period. However, when a relatively large voltage stress is
applied on a gate insulation film for a long period, even if it
is in a withstand voltage range momentarily, it may accu-
mulate to cause the dielectric breakdown of the gate insu-
lation film. Such a phenomenon is known as time dependent
dielectric breakdown (TDDB) of the gate insulation film.

[0072] Therefore, though the maximum value of the of
TFT element 18 in pixel 10#, 11# in a data retention period
(a non-scanning period) shown in expression (5) and (13)
gate-drain voltage is below the withstand voltage of the gate
insulation film, it is desirable to alleviate the voltage stress.

Configuration of Pixel According to First
Embodiment

[0073] Next, a description is given on a configuration
example of a pixel according to the first embodiment in
which voltage stress of a TFT element during a data reten-
tion period is suppressed.

[0074] Referring to FIG. 4, pixel 10 according to the first
embodiment shown in FIG. 1 is different from pixel 104
shown in FIG. 2 in that it further includes an N-type TFT
element 19 connected between N-type TFT element 18 and
pixel electrode node Np. The gate of N-type TFT element 19
is connected to gate line GL#. Node Nb corresponds to the
connection node of N-type TFT elements 18 and 19.

[0075] As also shown in FIG. 1, in each pixel row, gate
line GL connected to each gate of N-type TFT elements 16
and 18, and gate line GL# connected to the gate of N-type
TFT element 19 are provided as independent interconnec-
tions. Further, common voltage VCOM of common elec-
trode node Nc is provided as a constant DC voltage as in
pixel 10# in FIG. 2.

[0076] FIG. 5 is a conceptual illustration showing a con-
figuration of a voltage control portion of gate lines G, GL#
in gate drive circuit 30 shown in FIG. 1. FIG. 5 represen-
tatively shows a configuration of gate drive unit 100 that is
provided corresponding to each pixel row.

[0077] Referring to FIG. 5, gate drive unit 100 includes a
gate line driver 110 that drives the voltage of gate line GL
in response to a gate line select signal GSS, and a gate line
driver 120 that drives the voltage of gate line GL# in
response to gate line select signal GSS. Gate line select
signal GSS is set to low level when a corresponding pixel
row is selected for a scanning target, and to high level when
it is not selected.

[0078] Gate line driver 110 drives gate line GL to high
voltage VGH to set to a select state when a corresponding
pixel row is selected, while it drives gate line GL to low
voltage VGL to set to a non-select state when corresponding
pixel row is not selected.

[0079] Gate line driver 120 drives gate line GL# to high
voltage VGH to set to a select state when a corresponding
pixel row is selected, while it drives gate line GL# to
intermediate voltage VGM to set to a non-select state when
corresponding pixel row is not selected.
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[0080] Referring to FIG. 6, gate line driver 110 is formed
with a CMOS inverter and includes a P-type TFT element
112 connected between a high voltage VGH supply node and
corresponding gate line GL, and an N-type TFT element 114
connected between gate line GL and a low voltage VGL
supply node. Each gate of TFT element 112 and 114 receives
gate line select signal GSS.

[0081] Similarly, gate line driver 120 is formed with a
CMOS inverter and includes a P-type TFT element 122
connected between a high voltage VGH supply node and
corresponding gate line GL, and an N-type TFT element 124
connected between gate line GL: and an intermediate volt-
age VGM supply node. Each gate of TFT element 122 and
124 receives gate line select signal GSS, which is common
to gate line driver 110.

[0082] As above, in cach pixel row, gate lines GL and GL#
are set to high voltage VGH in a select state, which can fully
turn-on N-type TFT elements 16, 18 and 19 according to
expression (6) in pixel 10#, so that maximum voltage
VDHmax on data line DL is transmitted to pixel electrode
node Np.

[0083] In a non-select state, gate line GL is set to low
voltage VGL, whereas gate line GL# is set to intermediate
voltage VGM between high voltage VGH and low voltage
VGL (VGH>VGM>VGL).

[0084] Referring back to FIG. 4, as for gate lines GL and
GL# in a data retention period (a non-scanning period), i.c.,
in a non-select state, gate line GL is set to gate line voltage
VGL as in expression (4) in pixel 10# in order to suppress
a leakage current, whereas gate line GL# is set to an
intermediate voltage VGM in order to suppress gate-drain
voltage to TFT element 18.

[0085] As for N-type TFT element 19 connected to pixel
electrode node Np, the maximum voltage stress is applied
when the display voltage takes on a value of VDHmax or
VDLmin. Therefore, in order to minimize the voltage stress
to a gate insulation film for both of the display voltages,
intermediate voltage VGM must be set to an intermediate
level between maximum voltage VDHmax and minimum
voltage VDLmin, i.c., between the maximum and the mini-
mum values of the display voltages, preferably an average
value of the two. Accordingly, it is preferred to set interme-
diate voltage VGM as in expression (14):
VGM=(VDHmax-VDLmin)/2+VDLmin=(VDHmax+
VDLmin)2=VCOM (14)
[0086] Thus, when pixel electrode node Np retains display
voltage VDHmax, gate-drain voltage VGD of N-type TFT
element 19 in the data retention period will take on the
maximum value in the following expression (15):

VGD=VGM-VNpmax=VCOM-(VCOM+VD)=-VD (15)

[0087] Similarly, when pixel electrode node Np retains
display voltage VDLmin, gate-drain voltage VGD of N-type
TFT element 19 in a data retention period will take on the
maximum value in the following expression (16):

VGD=VGM-VNpmin=VCOM-(VCOM-VD)=VD (16)
[0088] Substituting the numerical values used in expres-
sion (5) into expressions (15) and (16), then [VGD|=5 (V)
can be determined. Thus, the voltage stress to the gate

insulation film of TFT element 19 that is continuously
applied with voltage in a non-scanning period is alleviated,
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compared to N-type TFT element 18 in pixel 10#, which
yields [VGD|=12 (V) under the same condition.

[0089] Further, by providing such N-type TFT element 19,
the voltage difference between the drain of N-type TFT
element 18, namely node Nb, and data line DL will be
smaller than between data line DL and pixel electrode node
Np. As a result, source-drain voltage applied on N-type TFT
elements 16 and 18 during a non-scanning period becomes
smaller than in pixel 10# in FIG. 2. Additionally, in pixel 10,
since gate line GL in a non-select state is set to low voltage
VGL as in pixel 10# in FIG. 2, as compared to pixel 10# of
the comparative example, the leakage current between pixel
electrode node Np and data line DL during a data retention
period can rather be suppressed, and the voltage stress to a
gate insulation film of N-type TFT element 18 can rather be
alleviated to increase its operating reliability.

[0090] As described above, according to the configuration
of pixel 10 of the first embodiment, a leakage current is
further suppressed while alleviating a voltage stress on a
gate insulation film of a TFT element during a data retention
period, as compared to pixel 10# shown in FIG. 2.

[0091] As aresult, display voltage retentivity in each pixel
may be improved, and thus, a scanning cycle can be made
longer to reduce the power consumption, variations in
luminance can be suppressed to improve the display quality,
and the operating reliability of a TFT element can be
improved.

[0092] Though in FIG. 4, the configuration example
where two N-type TFT elements 16, 18 having their gates
connected to gate line GL and one N-type TFT element 19
having its gate connected to gate line GL# are connected in
series between data line DL and pixel electrode node Np, the
number of these TFT elements may be one or more arbitrary
numbers, considering allowable leakage current and circuit
area.

Second Embodiment

[0093] FIG. 7 is an equivalent circuit diagram showing a
configuration example of a pixel according to a second
embodiment.

[0094] A pixel 11 shown in FIG. 7 can be employed in
place of pixel 10 in the overall configuration diagram of
FIG. 1.

[0095] Referring to FIG. 7, pixel 11 according to the
second embodiment is different from pixel 10 according to
the first embodiment shown in FIG. 6 in that storage
capacitor 14 is connected between pixel electrode node Np
and a common electrode node Nec. Further, common voltage
VCOM of common electrode node Nc is supplied as AC
voltage with amplitude VD that is set alternately to low
voltage VCOML and high voltage VCOMH in a constant
cycle, as in pixel 11# in FIG. 3. Specifically, pixel 11
includes N-type TFT element 19 additionally to the com-
ponents of pixel 11# of the comparative example shown in
FIG. 3.

[0096] Similarly to pixel 10 shown in FIG. 4, cach gate of
N-type TFT elements 16, 18 is connected to gate line GL,
while the gate of N-type TFT element 19 is connected to
another gate line GL#. The voltage of gate lines GL, GL# is
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controlled as in the configuration shown in FIGS. 5 and 6
in the first embodiment, thus detailed description thereof is
not repeated.

[0097] Note that in pixel 11, the voltage of pixel electrode
node Np retaining VDHmax as the display voltage changes
to “VDHmax +VD” in response to common voltage VCOM
changing by VD. On the other hand, the voltage of pixel
electrode node Np retaining VDLmin changes to VDLmin-
VD in response to the change of common voltage VCOM.
Therefore, in the configuration according to the second
embodiment, intermediate voltage VGM corresponding to
the voltage of gate line GL# in a non-select state is prefer-
ably set as in the following expression (17) to have the
average voltage of these voltages:
VGM=[(VDHmax+VD)+(VDLmin-VD)|/2=(VDH-
max+VDLmin)2=(VCOMH+VCOML)/2 amn
[0098] Thus, when pixel electrode node Np retains display
voltage VDHmax, gate-drain voltage VGD of N-type TFT
element 19 in a data retention period will take on a maxi-
mum value in the following expression (18):
VGD=VGM-VNpmax=(VCOMH+VCOML)/2~(VDH-
max+VD)=(VCOMH+VCOML)2-(VCOML+2-VD)=
(VCOMH-VCOML)/2-2-VD=-1.5-VD (19)
[0099] Similarly, when pixel electrode node Np retains
display voltage VDLmin, gate-drain voltage VGD of N-type
TFT element 19 in a data retention period will take on a
maximum value in the following expression (19):
VGD=VGM-VNpmin=(VCOMH+VCOML)/2~
(VDLmin-VD)=(VCOMH+VCOML)/2~(VCOMH-
2-VD)=-(VCOMH-VCOML)/2+2-VD=1.5-VD (19)
[0100] Substituting the numerical values used in expres-
sion (3) into expressions (18) and (19), then [VGD|=7.5 (V)
can be determined. Thus, the voltage stress to the gate
insulation film of TFT element 19 that is continuously
applied with voltage in a non-scanning period is alleviated,
compared to N-type TFT element 18 in element 11#, which
yields [VGD|=17 (V) under the same condition.

[0101] Further, by providing such N-type TFT element 19
similarly to pixel 10 according to the first embodiment, the
voltage difference between the drain of N-type TFT element
18, namely node Nb, and data line DL will be smaller than
between data line DL and pixel electrode node Np. Accord-
ingly, as compared to pixel 11#, in pixel 11, the leakage
current between pixel electrode node Np and data line DL
during data retention period can rather be suppressed, and
the voltage stress to a gate insulation film of N-type TFT
element 18 can rather be alleviated to increase its operating
reliability.

[0102] As described above, according to the configuration
of the second embodiment, similarly to pixel 11# shown in
FIG. 3, the power consumption is reduced by suppressing
data line voltage amplitude, while a leakage current is
suppressed and the voltage stress on a gate insulation film of
a TFT element during a data retention period is alleviated.

[0103] As aresult, display voltage retentivity in each pixel
may be improved similarly to the configuration according to
the first embodiment, and thus, a scanning cycle can be made
longer to reduce the power consumption, variations in
luminance can be suppressed to improve the display quality,
and the operating reliability of a TFT element can be
improved.
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[0104] Note that, in a pixel according to the second
embodiment shown in FIG. 7 also, the number of the TET
element having its gate connected to gate line GL and the
TFT element having its gate connected to gate line GL# may
be one or more arbitrary numbers.

[0105] Further, though the configuration example using
N-type TFT elements 16, 18 and 19 are illustrated in FIGS.
4 and 7, one or all of these TFT elements can be replaced
by P-type TFT element(s) to form a pixel according to the
first and second embodiments. In this case, the polarity of
voltage setting of gate lines GL, GL# connected to the
gate(s) of P-type TFT element(s) may be inverted. Specifi-
cally, low voltage VGL and high voltage VGH should be set
to the voltages that can fully turn on/off the P-type TFT
element(s) considering the transistor characteristics. Then,
gate line GL should be driven to low voltage VGL in a select
state and to high voltage VGH in a non-select state, while
gate line GL# should be driven to low voltage VGL in a
non-select state and to intermediate voltage VGM in a
non-select state.

Third Embodiment

[0106] In the first and second embodiments, the configu-
ration of a pixel is described in which a TFT element, of
which gate voltage is set to intermediate voltage VGM in a
non-select state, is provided in a leakage current path, to
achieve both of leakage current suppression and protection
of a gate insulation film of TFT element.

[0107] Though such a configuration is desirable for pro-
tecting a TFT element in a normal operation, it can not
provide a desired stress to a TFT element in an acceleration
test for screening defects in which a larger stress than in a
normal operation is intentionally applied on the TFT element
(a burn-in test). In the burn-in test, since the operation is
tested under more severe condition than in a normal opera-
tion, i.e., in high temperatures and by applying a large
voltage stress for a prescribed period, it is desirable to have
a configuration that can provide sufficient voltage stress in a
short time in order to perform the test effectively.

[0108] In a third embodiment, a description will be given
on a configuration of a gate line driver that can switch the
driving voltage in order to provide sufficient voltage stress
in the burn-in test.

[0109] FIG. 8 is a circuit diagram showing a configuration
of a gate line driver according to the third embodiment.

[0110] Referring to FIG. 8, in the configuration according
to the third embodiment, a switch circuit 130 is provided to
a gate line driver 120 for gate line GL# shown in FIG. 5.
Switch circuit 130 includes switches 132 and 134 that
operate in response to a mode select signal MDS. In a
normal operation mode, switch 132 turns on to provide
intermediate voltage VGM to gate line driver 120, and
switch 134 turns off. In a test mode where the burn-in test
is performed, switch 134 turns on to provide low voltage
VGL to gate line driver 120 and switch 132 turns off.

[0111] By employing such a configuration, gate line driver
120 in a normal operation mode drives gate line GL# in a
select state to high voltage VGH and drives gate line GL# in
a non-select state to an intermediate voltage VGM, in
response to a gate line select signal GSS. In a test mode, gate
driver 120 drives gate line GL# in a select state to high
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voltage VGH and drives gate line GL# in a non-select state
to low voltage VGL, similarly to gate line GL, in response
to gate line select signal GSS.

[0112] As a result, for gate line GL# that is connected to
the gate of N-type TFT element 19, the voltage difference
between a select state and a non-select state in a test mode
(VGH-VGL) becomes larger than the voltage difference
between a select state and a non-select state in a normal
mode (VGH-VGM).

[0113] The configuration of the third embodiment is simi-
lar to that of the first or second embodiment except that
switch circuit 130 is provided to gate line driver 120 for gate
line GL#, thus its detailed description is not repeated.

[0114] By employing such a configuration, in the configu-
ration according to the third embodiment, the effect
described in the first and second embodiment is achieved in
anormal operation mode, while the burn-in test is effectively
performed in a test mode, applying sufficient voltage stress
to N-type TFT element 19 in a short time.

[0115] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What is claimed is:
1. A liquid crystal display apparatus comprising:

a plurality of pixels arranged in rows and columns, each
for providing luminance corresponding to a display
voltage;

a plurality of first gate lines provided corresponding to
respective said rows of said plurality of pixels;

a plurality of second gate lines provided corresponding to
respective said rows of said plurality of pixels;

a plurality of data lines provided corresponding to respec-
tive said columns of said plurality of pixels;

a gate drive circuit for driving each of said plurality of
first and second gate lines to a voltage that is different
between a select state in which corresponding one of
said rows is selected for a scanning target in accordance
with a prescribed scanning cycle and a non-select state
except for said select state; and

a source drive circuit for driving said plurality of data
lines to said display voltage that corresponds to the
pixels included in the row selected for said scanning
target,

said plurality of pixels each including

a liquid crystal element having a pixel electrode and a
common electrode for providing luminance that corre-
sponds to a voltage difference between said pixel
electrode and said common electrode,

a first field-effect transistor electrically connected
between corresponding one of said data lines and a first
node, and having its gate electrically connected to
corresponding one of said first gate lines, and

a second field-effect transistor electrically connected
between said first node and said pixel electrode, and
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having its gate electrically connected to corresponding
one of said second gate lines;

said gate drive circuit setting each voltage of said first and
second gate lines in said select state to a first voltage
that can turn-on each of said first and second field-effect
transistors, while setting a voltage of said first gate line
in said non-select state to a second voltage that can
turn-off said first field-effect transistor as well as setting
a voltage of said second gate line in said non-select
state 1o a third voltage that is intermediate between a
maximum value and a minimum value of said display
voltage.

2. The liquid crystal display apparatus according to claim

15

said common electrode being supplied with a prescribed
DC voltage, and said third voltage being substantially
at a same level as said prescribed DC voltage.
3. The liquid crystal display apparatus according to claim
1’

said common electrode being supplied with an AC voltage
that is set to one of fourth and fifth voltages in a
constant cycle, and

said third voltage being substantially at a same level as an
average of said fourth and fifth voltage.
4. The liquid crystal display apparatus according to claim
1

said gate drive circuit including

a plurality of drive units provided corresponding to said
rows, respectively;

said plurality of drive units each including

a first driver for driving corresponding one of said first
gate lines with one of said first and second voltages in
response to a select signal that indicates whether said
corresponding one of said rows is selected for said
scanning target, and

a second driver for driving corresponding one of said
second gate lines with one of said first and third
voltages in response to said select signal.

5. The liquid crystal display apparatus according to claim

1’

said gate drive circuit setting said second gate line in the
non-select state to said third voltage in a normal mode,
and setting to a sixth voltage in a test mode, and

a difference between said first and sixth voltages being
larger than a difference between said first and third
voltages.

6. The liquid crystal display apparatus according to claim

5,
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said sixth voltage being substantially at a same level as
said second voltage.
7. The liquid crystal display apparatus according to claim
1,

said first and second field-effect transistors being formed
with an N-type thin film transistor, and

said first voltage being higher than said second voltage.

8. The liquid crystal display apparatus according to claim
1

said first and second field-effect transistors being formed
with a P-type thin film transistor, and

said first voltage being lower than said second voltage.
9. A liquid crystal display apparatus comprising:

a pixel for providing luminance corresponding to a dis-
play voltage; and

a data line for transmitting said display voltage supplied
to said pixel;

said pixel including

a liquid crystal display element having a pixel electrode
and a common electrode for providing luminance cor-
responding to a voltage difference between said pixel
electrode and said common electrode,

a first field-effect transistor electrically connected
between said data line and a first node, and

a second field-effect transistor electrically connected
between said first node and said pixel electrode;

the liquid crystal display apparatus further comprising

a gate drive circuit for driving each gate voltage of said
first and second field-effect transistors to a voltage that
is different between a select state in which said pixel is
sclected for a scanning target in accordance with a
prescribed scanning cycle and a non-select state except
for said select state;

said gate drive circuit in said select state setting each said
gate voltage to a first voltage that can turn-on each of
said first and second field-effect transistors, while set-
ting a gate voltage of said first field-effect transistor in
said non-select state to a second voltage that can
turn-off said first field-effect transistor as well as setting
a voltage of said second field-effect transistor in said
non-select state to a third voltage that is intermediate
between a maximum value and a minimum value of
said display voltage.
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