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(57) 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.

9 Claims, 7 Drawing Sheets

NON-SELECT STATE

VGH [~

voLTAGE YDHmex |

OF GL

VDLmin |
VGL

VOLTAGE VGH [ommmmmmommooes

DHmax

OF GL#

[ S

VGMT ™

VDLmin

VGL

TIME



US 7,212,183 B2

Sheet 1 of 7

May 1, 2007

U.S. Patent

FIG.1

t 40

— 50

SHIFT REGISTER

DATA LATCH CIRGUIT 52

LT—> DATA LATCH CIRCUIT —54

VH

— 80

—— Nd2

t

10 -

L Nd1

ANALOG AMPLIFIER

— DL1

=T

R etttk L L L L Y By

[}

20

30



US 7,212,183 B2

Sheet 2 of 7

May 1, 2007

U.S. Patent

FIG.2

104

PP SRS PSS,

O—Nc¢

o

1

VGCOM

VSS

FIG.3




U.S. Patent May 1, 2007 Sheet 3 of 7 US 7,212,183 B2

FIG.4
DL
/ 10
GLi~ | (T
j
GL-

> —
d~
N
=
[\V]
L
= |—¢
ol
=
o
_
s
©~
I——r%
R
-
&Q

VSS VCOM



U.S. Patent May 1, 2007 Sheet 4 of 7 US 7,212,183 B2
FIG.5
100
VGH
120 ey
| VGM (OR VCOM)
GSS OVGH
/
(o)
VGL
FIG.6
120 VGH
—4[%1;- 122
i “-GL#
{124
VGM (OR VCOM)
GSS —¢ -
110 VGH
—{T- 112




U.S. Patent May 1, 2007 Sheet 5 of 7 US 7,212,183 B2

FIG.7
DL
/ 11
GL#~ E ----------------------------- ecceeee :
o | _L -I: —
= ;
16 ) 18 ) 19 JjM 2|
E Na Nb J EF/ 5
VO"Nc
VCOM
-1 VCOMH
(mvcom)
FIG.8
VGH

GSS

MDS

/ >
T A g&\m




U.S. Patent May 1, 2007 Sheet 6 of 7 US 7,212,183 B2

FIG.9

SELECT STATE , NON-SELECT STATE

VGH

VOLTAGE YDHmax

OF GL

VDLmin F
VGL f------==mmmmo -

VOLTAGE VGH
VDHmax
OF GL#

VGMT "7 7 e

VDLmin |
VGL [

—> TIME



U.S. Patent May 1, 2007 Sheet 7 of 7 US 7,212,183 B2
FIG.10
SELECT STATE , NON-SELECT STATE
e '
VOLTAGE "DHmax -
OF GL
VDLmin |
VGL :
VOLTAGE _ VGH [---mmm-mmmmmmmmees 1
DHmax ;
OF GL# :
VGMT-------m---- '
VDLmin |
VGL :
: > TIME
FIG.11
SELECT STATE  NON-SELECT STATE
VOLTAGE VGH
VDHmax |- NORMAL
OF GL# OPERATION MODE
VGMT-"-"-====-m - b
VDL TEST MODE
min
VGL [ : 4

= TIME



US 7,212,183 B2

1

LIQUID CRYSTAL DISPLAY APPARATUS
HAVING PIXELS WITH LOW LEAKAGE
CURRENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

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 transistor in
each pixel.

2. Description of the Background Art

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 ele-
ments as display pixels is used. Such a liquid crystal display
apparatus is effective in reducing power consumption, size
and weight, as compared to a conventional type.

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 scanning cycle.

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 voltage. 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.

Generally, pixels are arranged on a glass substrate or a
semiconductor substrate using a TFT (Thin Film Transistor)
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.

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).

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.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a liquid
crystal display apparatus with pixels that can prevent break-
down 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).
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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 corresponding to the
rows of pixels, respectively; a plurality of data lines pro-
vided 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 pre-
scribed 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 dif-
ference between the pixel electrode and the common elec-
trode, 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 transistor 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 volt-
age.

A liquid crystal display apparatus according to another
configuration comprises a pixel for providing luminance
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 tum-off the first field-effect transistor as
well as setting a voltage of the second field-effect transistor
in the non-select state to a third voltage that is intermediate
between a maximum value and a minimum value of the
display voltage.

Accordingly, the primary advantage of the present inven-
tion 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.
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As a result, 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.

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

FIG. 1 is a block diagram showing an overall configura-
tion of a liquid crystal display apparatus according to an
embodiment of the present invention;

FIG. 2 is an equivalent circuit diagram showing a con-
figuration example of a pixel shown as a first comparative
example;

FIG. 3 is an equivalent circuit diagram showing a con-
figuration example of a pixel shown as a second comparative
example;

FIG. 4 is an equivalent circuit diagram showing a con-
figuration example of a pixel according to a first embodi-
ment of the present invention,

FIG. 5 is a conceptual illustration showing a configuration
of a gate line voltage driving portion in a gate drive circuit
shown in FIG. 1;

FIG. 6 is a circuit diagram showing a specific configura-
tion example of a gate drive unit shown in FIG. 4;

FIG. 7 is an equivalent circuit diagram showing a con-
figuration example of a pixel according to a second embodi-
ment of the present invention; and

FIG. 8 is a circuit diagram illustrating a configuration of
a gate line driver according to a third embodiment of the
present invention.

FIG. 9 is a voltage waveform diagram of gate lines
according to a first embodiment of the present invention.

FIG. 10 is a voltage waveform diagram of gate lines
according to first and second embodiments of the present
invention.

FIG. 11 is a voltage waveform diagram of a gate line
according to a third embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

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 inven-
tion is described.

Referring to FIG. 1, a liquid crystal display apparatus 5
includes a liquid crystal array portion 20, a gate drive circuit
30, and a source drive circuit 40. Liquid crystal array portion
20 includes a plurality of pixels 10 arranged in rows and
columns. Corresponding to each row of pixels (hereinafter
also referred to as “a pixel row”), a first gate line GL and a
second gate line GL# are arranged. Further, corresponding 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 columns in the first row,
and corresponding gate lines GL1, GL1# and data lines
DL1, DL2.
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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.

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.e.,
display signal SIG is formed with display signal bits D0-D5.

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.

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.

Display signal SIG is serially generated corresponding to
display luminance for each pixel 10. Specifically, display
signal bits D0—D5 in each timing indicate display luminance
in one pixel 10 in liquid crystal array portion 20.

Shift register 50 instructs data latch circuit 52 to capture
display signal bits D0-DS5 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 reten-
tion.

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.

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-V 64
on gray scale voltage nodes N1-N64, respectively.

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 voltages for
one row in parallel, based on the display signals latched by
data latch circuit 54. Note that FIG. 1 representatively shows
decode output nodes Nd1, Nd2 corresponding to data lines
DL1, DL2 in the first and second columns.

Analog amplifier 80 outputs analog voltages on data lines
DL1, DL2, respectively, that correspond to the display
voltages provided on decode output nodes ND1, Nd2, . . .,
respectively.

Though the configuration of liquid crystal display appa-
ratus 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

Next, a comparative example of a pixel configuration and
a leakage current suppression is described for comparison
with a pixel according to the present invention.
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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.

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 elements 16 and 18.

In the following, it is assumed that smaller luminance is
derived from larger voltage difference between pixel elec-
trode 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 luminance (displaying
in black), whereas the display voltage and common voltage
VCOM are at the same level at the maximum luminance
(displaying in white).

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.

N-type TFT elements 16 and 18 are shown as represen-
tatives 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 corresponding gate
line GL. In a scanning period where corresponding gate line
GL is set to a select state (high level voltage), N-type TFT
elements 16 and 18 turn on to connect corresponding 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.

In a non-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 offis 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.

Next, the operation of pixel 10# is described.

In order 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.

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 transmitted through
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a data line, VDHmax and VDLmin also correspond to the
maximum and minimum voltages of data line DL, respec-
tively.

VDHmax=VCOM+VD %)

VDLmin=VCOM-VD )

By subtracting (2) from (1), the following expression (3)
can be derived:

VDHmax=VDLmin+2-VD (3)

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.

In 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 )
where Vm is a margin voltage for ensuring the turn-off of
TFT elements.

The voltage of pixel electrode node Np retaining display
voltage VDHmax can be determined to be VNpmax=
VDLmin+2-VD from expression (3). Accordingly, the volt-
age between gate line GL and pixel electrode node Np, 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-Vm-

(VDLmin+2-VD)=—Vim-2-VD )

As general numerical values, assuming that Vm=2(V) and
VD=5(V), then VGD=-12(V) can be determined from
expression (5). This voltage difference is considerably 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.

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 maximum
voltage VDHmax of a data line:

VGH>VDHmax+Vih (6)
where Vth is a threshold voltage of N-type TFT elements 16,
18.

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.

Referring to FIG. 3, pixel 11# shown as a second com-
parative 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.
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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 Nc. Further, common electrode node Nc 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.

In the pixel shown in FIG. 3, in a period in which common
electrode node Nc 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 (displaying 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).

Therefore, considering a data line voltage, maximum
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 (8)

By subtracting (8) from (7), the following expression can
be derived:

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

VDLmin+2VD-VD=VDLmin+VD ©)

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.

Since common electrode node Nc 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. There-
fore, 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).

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)

The voltage of pixel electrode node Np retaining the
display voltage of VDLmin can be expressed by the follow-
ing expression (11):

VNpmin=VDLmin- VD (11

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.

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-Vin-VD 12)
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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-Vm-VD-(VDHmax+
VD)=VDLmin-VDHmax-2-VD-Vin (13)

where, as general numerical values, VDHmax=5 (V), VD=5
V), Vm=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.

Note that gate line voltage VGH in a scanning period, i.e.,
in a select state is set based on expression (6) to transmit
maximum voltage VDHmax on a data line.

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 breakdown 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.

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. How-
ever, 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 accumulate to
cause the dielectric breakdown of the gate insulation film.
Such a phenomenon is known as time dependent dielectric
breakdown (TDDB) of the gate insulation film.

Therefore, though the maximum value of the of TFT
element 18 in pixel 104, 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

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 retention period is
suppressed.

Referring to FIG. 4, pixel 10 according to the first
embodiment shown in FIG. 1 is different from pixel 10#
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.

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 interconnections.
Further, common voltage VCOM of common electrode node
Nc is provided as a constant DC voltage as in pixel 104 in
FIG. 2.

FIG. 5 is a conceptual illustration showing a configuration
of a voltage control portion of gate lines GL, GL# in gate
drive circuit 30 shown in FIG. 1. FIG. 5 representatively
shows a configuration of gate drive unit 100 that is provided
corresponding to each pixel row.

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
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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.

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.

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.

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.

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 correspond-
ing gate line GL, and an N-type TFT element 124 connected
between gate line GL# and an intermediate voltage 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.

As above, in each pixel row, gate lines GL and GL# are
set to high voltage VGH in a select state, which can fully
turn-on N-type IFT 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, as shown in FIG. 9. FIG. 9 illustrates that the
voltage setting of gate lines GL and GL# in the select and
non-select states.

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), as shown in FIG. 9.

Referring back to FIG. 4, as for gate lines GL and GL# in
a data retention period (a non-scanning period), i.e., 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 inter-
mediate voltage VGM in order to suppress gate-drain volt-
age to TFT element 18.

As for N-type TFT element 19 connected to pixel elec-
trode 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.e., 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)

Thus, when pixel electrode node Np retains display volt-
age 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):

PGD=VGM-VNpmax=FCOM-(VCOM+VD)=-VD 15)
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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=FCOM-(VCOM-VD)=VD (16)

Substituting the numerical values used in expression (5)
into expressions (15) and (16), then VGDI=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 pixel 10#, which yields [VGDI=12
(V) under the same condition.

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.

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.

As a result, 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.

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

FIG. 7 is an equivalent circuit diagram showing a con-
figuration example of a pixel according to a second embodi-
ment.

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

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 Nc. Further, common voltage VCOM of
common electrode node Ne 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 components of pixel 11# of
the comparative example shown in FIG. 3.

Similarly to pixel 10 shown in FIG. 4, each 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 controlled as
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in the configuration shown in FIGS. 5 and 6 in the first
embodiment, thus detailed description thereof is not
repeated.

Note that in pixel 11, the voltage of pixel electrode node
Np retaining VDHmax as the display voltage changes to
“VYDHmax +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+PDLmin)/2=(VCOMH+VCOMLY?2 an

Thus, when pixel electrode node Np retains display volt-
age 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 (18)

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 maxi-
mum value in the following expression (19):

VGD=VGM-VNpmin=(VCOMH+VCOML)/2-
(VDLmin-VD)=(VCOMH+VCOML)/2-
(FCOMH-2-VD)=—(VCOMH-VCOML)/2+

2VD=15-VD (19)

Substituting the numerical values used in expression (5)
into expressions (18) and (19), then IVGDI=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
[VGDE17 (V) under the same condition.

Further, by providing such N-type TFT element 19 simi-
larly 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.

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.

As a result, 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.

Note that, in a pixel according to the second embodiment
shown in FIG. 7 also, the number of the TFT element having
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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.

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. Specifically, 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 select state and to
intermediate voltage VGM in a non-select state, as shown in
FIG. 10. FIG. 10 illustrates the voltage setting of gate lines
GL and GL# in the select and non-select states when the
P-type TET elements are used.

Third Embodiment

In the first and second embodiments, the configuration 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.

Though such a configuration is desirable for protecting 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 operation, 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.

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.

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

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.

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
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, as shown in FIG. 11. FIG. 11
illustrates the voltage setting of gate line GL#.

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-
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VGL) becomes larger than the voltage difference between a
select state and a non-select state in a normal mode (VGH-
VGM).

The configuration of the third embodiment is similar 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.

By employing such a configuration, in the configuration
according to the third embodiment, the effect described in
the first and second embodiment is achieved in a normal
operation mode, while the burn-in test is effectively per-
formed in a test mode, applying sufficient voltage stress to
N-type TFT element 19 in a short time.

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
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 to a third voltage that is intermediate between a
maximum value and a minimum value of said display
voltage, wherein

said third voltage is substantially at the same level
throughout successive non-select states.
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2. The liquid crystal display apparatus according to claim

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

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

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

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

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

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

said first voltage being higherthan said second voltage.

8. The liquid crystal display apparatus according to claim

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
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is different between a select state in which said pixel is
selected 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

16

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, wherein

said third voltage is substantially at the same level

throughout successive non-select states.
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