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1
LIQUID CRYSTAL DISPLAY DRIVING
DEVICE AND DRIVING METHOD OF LIQUID
CRYSTAL DISPLAY DRIVING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a divisional application and
claims priority from U.S. Pat. No. 8,531,366 and also claims
priority to  Chinese patent application number
200910089752.9 filed on Jul. 22, 2009, in which all priority
documents are incorporated herein by reference in their
entirety.

BACKGROUND

Embodiments of the invention relate to a LCD (liquid
crystal display) driving device.

These days, TFT-LCDs (thin film transistor liquid crystal
displays) have become the main flat panel displays and also
have been developing towards large sizes and high resolu-
tions. With the size of a TFT-LCD becoming ever larger, the
gate scanning lines and the data signal lines in the TFT-LCD
become ever longer. This givesrise to ever larger resistance of
the gate scanning lines and the data signal lines; and higher
resolution causes more intersecting and overlapping areas
between the gate scanning lines and the data signal lines,
which increases the parasitic capacitance for each signal line.

FIG. 1 is a schematic view showing the configuration of a
conventional TFT liquid crystal display device. As shown in
FIG. 1, across the pixel region of the TFT-LCD device, the
horizontal gate scanning lines G and the vertical data signal
lines D are arranged into a grid, each square in the grid
represents a pixel, a thin film transistor T for controlling
operation of the corresponding pixel is formed at each of
intersections of the data signal lines D and the gate scanning
lines G. Among these lines, the gate line preceding the first
gate scanning line G is a redundant gate line (the gate line at
the very top as shown in FIG. 1) for testing; and the data line
succeeding the last data signal line D is a redundant data line
(the data line at the very right as shown in FI1G. 1) for testing.
A data driving chip supplies data signals to the data signal
lines D, through which the data signals are transferred to each
pixel row in the pixel region. The gate driving chip controls
the gate scanning lines G and supplies scanning signals to the
gate scanning lines G row-by-row, so that the pixels in the
pixel region can be switched on row-by-row through the thin
film transistors, and thus the data signals from the data signal
lines D can be transferred to pixels through the thin film
transistors.

FIG. 2 is a schematic view showing the gate scanning
signal outputted from the beginning of a gate scanning line
(the portion of a gate scanning at the very left as shown in FIG.
1) of a conventional TFT-LCD. FIG. 3 is a schematic view
showing the gate scanning signal outputted from the end of
the gate scanning line (the portion of a gate scanning at the
very right as shown in FIG. 1) of the conventional TFT-LCD.
In the drawings, G, stands for the n? gate scanning line. As
shown in FIG. 2, the pixels are scanned row by row (or line by
line). A GOE (Gate Open Enable) slot is kept between the
high levels of each pair of neighboring data scanning lines.
The width of the GOE slot equals the time delay caused by the
product RC of the resistance R of the gate signal lines and the
parasitic capacitance C caused by the overlapping areas
between the signal lines so as to avoid the problem of signal
interfering due to the RC time delay. As shown in FIG. 3, the
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2

gate scanning signal output from the end of each gate scan-
ning line deforms, mainly due to the RC time delay.

With a certain resolution and scanning frequency, pixels of
each row have a fixed-value scanning time. However, if the
RC time delay becomes larger, the GOE slot requires larger
margin, which leads to shorter charging time for the pixels.
When the RC time delay reaches a threshold, the gate scan-
ning signal causes the charging efficiency not to meet the
requirement, which adversely affect the display quality of a
TFT-LCD. In the same time, as the RC time delay becomes
larger, the gate scanning signal of each row has a longer
descending curve when it drops from the high level to the low
one; as a result, the pixels have different voltage offsets at the
left and right ends in a TFT-LCD, which leads to inhomoge-
neous display quality and thus causes display flicking.

SUMMARY

An embodiment according to the invention provides a lig-
uid crystal display driving device comprising: a scanning
driving unit; a data driving unit; gate lines; data lines; pixel
regions defined by the gate lines and the data lines; and a
compensation circuit connected to the gate lines, wherein the
gate lines include gate scanning lines and a redundant gate
line, the data lines includes data signal lines and a redundant
data line, and the compensation circuit is used to compensate
the gate scanning signals of the gate scanning lines, so as to
reduce voltage delay over the gate scanning lines.

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, it should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration
only, since various changes and modifications within the
spirit and scope of the invention will become apparent to
those skilled in the art from the following detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinafter and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limitative of the present invention
and wherein:

FIG. 1 is a schematic view showing the configuration of a
conventional TFT-LCD device;

FIG. 2 is a schematic view showing the gate scanning
signal outputted from the beginning of the gate scanning line
of the conventional TFT-LCD;

FIG. 3 is a schematic view showing the gate scanning
signal outputted from the end of the gate scanning lines of the
conventional TFT-LCD;

FIG. 4 is a schematic view showing the configuration of a
first embodiment of the LCD driving device according to the
invention;

FIG. 5 is a schematic view showing the configuration of a
second embodiment of the LCD driving device according to
the invention;

FIG. 6isa schematic view showing the signal of the respec-
tive signal lines in the second embodiment;

FIG. 7 is a schematic view showing the gate scanning
signal outputted at the end of the gate scanning lines in the
second embodiment; and

FIG. 8 is a schematic view showing the configuration of a
third embodiment of the LCD driving device according to the
invention.
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DETAILED DESCRIPTION

Hereinafter, detailed description is given to the embodi-
ments of the invention with references to the drawings.

An embodiment of the invention provides a liquid crystal
driving device comprising a scanning driving unit, a data
driving unit, gate lines, data lines, and pixel regions defined
by the gate lines and the data lines, wherein the gate lines
include gate scanning lines and a redundant gate line, and the
data lines include data signal lines and a redundant data line.

The embodiment of the invention compensates the gate
scanning signals through providing a compensation circuit to
the ends of the gate scanning lines, so as to reduce the defi-
ciencies such as unsatisfactory display effect and flickering
due to the adverse effect of the RC time delay on the ascend-
ing and/or descending of the gate scanning signal, to improve
the quality of displayed images, to improve the uniformity of
the gate scanning signals, and to reduce the flickering of the
displayed images caused by the RC time delay.

Itis necessary to point out that the gate threshold voltage in
the description refers to the voltage on a gate line that exactly
has the thin film transistors (TFTs) in the corresponding row
switched on and the pixels start charging; while Vgh refers to
the voltage on a gate line when the TFTs are fully switched on
and the pixels have been fully charged, and Vgl refers to the
voltage on a gate line when the TFTs are fully switched off
and the pixels have ceased charging.

FIG. 4 is a schematic view showing the configuration of a
first embodiment of the LCD driving device according to the
invention. As shown in FIG. 4, the LCD driving device com-
prises a scanning driving unit 41, a data driving unit 42, gate
lines, data lines, and pixel regions defined by the intersecting
between the gate lines and the data lines. The gate lines
include gate scanning lines 43 (for convenience, the gate
scanning lines 43 are numbered according to the scanning
sequence) and a redundant gate line 43', and the data lines
include data signal lines 44 and a redundant data line 44'. The
LCD driving device further includes a compensation circuit
that compensates the gate scanning signals of the gate scan-
ning lines 43. The compensation circuit may comprise: a
compensation signal line 45 and first transistors T1 that cor-
respond to the respective gate scanning lines 43. Each of the
first transistors T1 has its source electrode and drain electrode
connected to, respectively, the end of the corresponding gate
scanning line and the compensation signal line 45, and has its
gate electrode connected to the end of the previous gate line
(i.e., a gate scanning line 43 or the redundant gate line 43"). In
particular, by taking gate scanning line G,,, as an example, the
source electrode of the last first thin film transistor T1 corre-
sponding to line G, as shown in FIG. 4 is connected to the
end of line G,,,, the drain electrode is connected to the com-
pensation signal line 45, and the gate electrode is connected to
the end of the previous line G,,,_;. In this embodiment, the
redundant gate line is regarded as the previous gate scanning
line of the first gate scanning line.

The data driving unit 42 principally functions to supply
data signals to the data signal lines 44 of the pixel regions; the
scanning driving unit 41 principally functions to supply, row
by row, gate scanning signals to the gate scanning lines 43 of
the pixel regions; each pixel region is controlled by a thin film
transistor, which is disposed at the intersection of the a cor-
responding gate scanning line 43 and a corresponding data
signal line 44. When a gate scanning line 43 has a high level,
the thin film transistors of the pixel regions in the correspond-
ing row are switched on, the data signals over the data signal
lines can be transferred to the respective pixels through the
thin film transistors. For the sake of description, the columns

20

25

40

45

55

60

65

4

or rows of the gate scanning lines 43 and the data signal lines
44 labeled in the drawings are only part of the columns or
rows of the gate scanning lines 43 and the data signal lines 44,
the inventions is not limited to that.

The gate electrode of the first thin film transistor T1 at row
2n is connected to the end of the gate scanning line 43 at row
2n-1, the gate electrode of the first thin film transistor T1 at
row 2n-1 is connected to the end of the gate scanning line 43
atrow 2n-2 ... and so forth, the gate electrode of the first thin
film transistor T1 at row 2 is connected to the end of the gate
scanning line 43 at row 1, and the gate electrode of the first
thin film transistor T1 at row 1 is connected to the end of the
redundant gate line 43'. Such a structure can be used to com-
pensate the gate scanning signals of the gate scanning lines 43
at the respective row 2n, 2n-1, . .. 2, and 1. Here, the gate
threshold voltage of the first thin film transistors T1 can be
higher than that of the thin film transistors in the pixel regions,
e.g., the gate threshold voltage of the first thin film transistors
T1 can be the average of the high voltage Vgh of the gate
scanning lines 43 and the low voltage of the gate scanning
lines 43, 1.e., (Vgh+Vgl)/2. The compensation voltage Von of
the compensation signal line 45 for compensating the gate
scanning lines is lower than the gate threshold voltage of the
first thin film transistors, yet preferably as large as possible.

In particular, by taking the line G,,, as the example under
consideration, when the gate scanning line G,,,_, is provided
with the high level Vgh, the pixels at row 2n-1 start to be
charged; at this time. as the first thin film transistor T1 that is
connected to the end of the gate scanning line G,,, has its gate
electrode connected to the end of the gate scanningline G,,,_,
this first thin film transistor T1 is switched on, so that the
compensation voltage Von over the compensation signal line
45 is transferred to the gate scanning line G,, at row 2n
through the source electrode or drain electrode (not specified
in the invention and depending on the actual connection) of
the first thin film transistor connected to the gate scanning line
G.,,, which subjects the gate scanning line to the compensa-
tion voltage Von. Subsequently, after the aforementioned scan
to line G,,,_;, when the gate scanning line G,,, is provided
with the high voltage Vgh, i.e., the line G,,, is scanned, as the
gate scanning signal of the gate scanning line G,,, at row 2n
has already been subjected to Von in the previous scan, the
gate scanning signal of the gate scanning line G,, can be
readily changed to the high electrode level Vgh. This can
reduce the adverse effect of the RC time delay on the ascend-
ing of the gate scanning signal, which assures enough charg-
ing time for the pixels, and thus guarantees their charging
rate.

The LCD device of the embodiment can compensate gate
scanning signals through connecting the first thin film tran-
sistors to the ends of respective gate scanning lines, which
reduce the adverse effect of the RC time delay on the ascend-
ing of the gate scanning signals, which assures enough charg-
ing time of pixels and thus guarantees their charging rate.

FIG. 5 is a schematic view showing the configuration of a
second embodiment of the LCD driving device according to
the invention. As shown in FIG. 5, the LCD driving device
comprises a scanning driving unit 51, a data driving unit 45,
gate lines, data lines, and pixel regions defined by the gate
lines and the data lines. The gate lines include gate scanning
lines 53 (for convenience, the gate scanning lines 53 are
numbered according to the scanning sequence) and a redun-
dant gate line 53', and the data lines include data signal lines
54 and a redundant data line 54'. The LCD driving device
further includes a compensation circuit that compensates the
gate scanning signals of the gate scanning lines 53. The com-
pensation circuit may comprise: a compensation line 55, a
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low-level signal line 56, a first switch control signal line 57, a
second switch control signal line 58, first thin film transistors
T1 that correspond to the respective gate scanning lines 53,
second thin film transistors T2 that correspond to the respec-
tive odd-numbered gate scanning lines 53, and third thin film
transistors T3 that correspond to the respective even-num-
bered gate scanning lines 53. Each of the first transistors T1
has its source electrode and drain electrode connected to,
respectively, the end of the corresponding gate scanning line
and the compensation signal line 55 and its gate electrode
connected to the end of the previous gate line (i.e., a gate
scanning line 53 or the redundant gate line 53'). Each of the
second thin film transistors T2 has its source electrode and
drain electrode connected to, respectively, the end of the
corresponding (2n-1)" gate scanning line and the low-level
signal line 56 and its gate electrode connected to the first
switch control signal line 57, wherein the gate scanning lines
are numbered according to the scanning sequence, and nis a
positive integer. Each of the third thin film transistors T3 has
its source electrode and drain electrode connected to, respec-
tively, the end of the corresponding (2n)” gate scanning line
and the low-level signal line 56 and its gate electrode con-
nected to the second switch control signal line 58, wherein the
gate scanning lines are numbered according to the scanning
sequence, and n is a positive integer.

The gate electrode of the first thin film transistor T1 at row
2n is connected to the end of the gate scanning line 53 at row
2n-1, the gate electrode of the first thin film transistor T1 at
row 2n-1 is connected to the end of the gate scanning line 53
atrow 2n-2 .. . and so forth, the gate electrode of the first thin
film transistor T1 at row 2 is connected to the end of the gate
scanning line 53 at row 1, and the gate electrode of the first
thin film transistor T1 at row 1 is connected to the end of the
redundant gate line 53'. Such a structure can be used to com-
pensate the gate scanning signals of the gate scanning lines 53
ofthe respective row 2n, 2n-1, . .. 2,and 1. The gate threshold
voltage of the first thin film transistors T1 can be higher than
that of the thin film transistors in the pixel regions, e.g., the
gate threshold voltage of the first thin film transistors T1 can
be the average of the high voltage Vgh of the gate scanning
line 53 and the low voltage of the gate scanning line 53, i.e.,
(Vgh+Vgl)/2. The compensation voltage Von of the compen-
sation signal line 55 for compensating the gate scanning lines
is lower than the gate threshold voltage of the first thin film
transistors, yet preferably as large as possible. The voltage
over the low-level signal line 56 is equal to the low voltage
Vgl overthe gate scanning line 53. The gate threshold voltage
of the second thin film transistors T2 and that of the third thin
film transistors T3 equals that of the thin film transistors in the
pixel regions. The first switch control signal line 57 and the
second switch control signal line 58 switch on, in alternation,
the second thin film transistors T2 and the third thin film
transistors T3.

FIG. 6 is a schematic view showing the signal of the signal
lines in the second embodiment, FIG. 7 is a schematic view
showing the gate scanning signal outputted at the end of the
respective gate scanning lines in the second embodiment.
With references to FIGS. 6 and 7, the detailed description is
given below.

In the timeinterval t1, while the gate scanning signal at row
2n-1 is at the high level Vgh, the pixels at row 2n-1 start
charging, and the first thin film transistor T1 at the end of the
gate scanning line G,, at row 2n is switched on, so that the
compensation voltage Von of the compensation line 55 is
transferred to the gate scanning line G, through the first thin
film transistor T1 connected to the end of the gate scanning
line G,,,, as shown by G',,, at the time interval t1 in FIG. 7.
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In the time interval t2, the signal of the gate scanning signal
G,,,_, changes to the low level Vgl, at this time the signal OE1
of the first switch control signal line 57 is at the high level,
which switches on all the second thin film transistors T2
corresponding to the odd-numbered gate scanning lines, i.e.,
the second thin film transistor T2 connected to the ends of the
gate scanning line G,,_, is switched on. The source elec-
trodes of the second thin film transistors T2 are connected to
the low-level signal line 56 at the low level Voff, thus the low
level Voff'is transfer to the end of the gate scanning line G,,,_,.
Because the low level Voff equals the low level Vel at the
beginning of the gate scanning line G,,,_,, the gate scanning
signal of the gate scanning line G,,,_, can be forced to the low
level from two ends, as indicated by G',,,_, at the time interval
2 in FIG. 7. This reduced the delay of a gate scanning line’s
changing to the low level due to the RC time delay.

At this time, the gate electrode of the first thin film transis-
tor T1 connected the end of the gate scanning line G,,, at row
2n is connected to the gate scanning lines G,,,_,. When the
gate scanning signal of the gate scanning line G,,,_, is pulled
down to the low level, the first thin film transistor T1 is closed,
and the gate scanning line G,, has a voltage of Von, the
magnitude of the compensation voltage Von is unable to
switch on the first thin film transistor T1 connected to the end
of the gate scanning line G,,,_,, as shown by G',, at the time
interval t1 in FIG. 7.

In the time interval t3, the signal of the first switch control
signal line 57 changes to low level Vgl, the gate scanning
signal of the gate scanning line G, at row 2n changes to the
high level Vgh. Since in the previous time interval t2, the gate
scanning line G,,, at row 2nhas already been increased to Von,
the voltage can be readily increased from Von to the high level
Vgh, as shown by G',, at the time interval t3 in FIG. 7. This
reduces the adverse effect ofthe RC time delay on the ascend-
ing of the gate scanning signal, which assures enough charg-
ing time of pixels, and thus guarantees their charging rate. At
the same time, the end of the gate scanning line G, at row 2n
is connected to the gate electrode of the first thin film transis-
tor T1 that is connected to the next row, and thus the first thin
film transistor whose source electrode or drain electrode is
connected to the end of the gate scanning line G.,,,,, at row
2n+1 is switched on, the compensation voltage Von of the
compensation line 55 is transferred to the gate scanning line
G,,,,; through the first thin film transistor T1 connected to the
end of the gate scanning line G,,,,,, as shownby GG',, ., atthe
time interval t3 in FIG. 7.

In the time interval t4, the signal of the gate scanning signal
G,,, changes to low level Vgl, at this time the signal OE2 of the
second switch control signal line 58 is at the high level, which
switches on all the third thin film transistors T3 corresponding
to the even-numbered gate scanning lines, i.¢., the third thin
film transistor T3 connected to the gate scanning line G, is
switched on. The source electrodes of the third thin film
transistors T3 are connected to the low-level signal line 56 at
the low level Voff, and thus the low level Voff is transfer to the
end of the line G.,,,. Because the low level Voff equals the low
level Vgl at the beginning of the gate scanning line G, the
gate scanning signal of the gate scanning line G,, can be
forced to the low level from two ends, as indicated by G',,, of
the time interval t4 in FIG. 7. This reduces the delay of a gate
scanning line’s changing to the low level due to the RC time
delay.

The LCD device of the embodiment can compensate gate
scanning signal through connecting first thin film transistors
to the ends of respective gate scanning lines, which reduces
the adverse effect of the RC time delay on the ascending
and/or descending of the gate scanning signal, thus eliminates
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deficiencies such as unsatisfactory display effect and flicker-
ing caused by insufficient charging time of the pixels,
improves the displaying quality, improves the uniformity of
the gate scanning signal, and reduces the flickering of the
displaying images caused by the RC time delay.

In addition, FIG. 8 is a schematic view showing the con-
figuration of a LCD driving device of the third embodiment
according to the invention. As shown in FIG. 8, distinguish-
able from a LCD driving device of the second embodiment as
shown in the above FIG. 5, the current embodiment com-
prises merely the second thin film transistors T2 and the third
thin film transistors T3, it does not include the first thin film
transistors. The way of connecting the second thin film tran-
sistors T2 and the third thin film transistors T3 and the mecha-
nism of their operation are identical to those of the second
embodiment as shown in FIG. 5; its description is, therefore,
omitted. The LCD driving device of this embodiment reduces
the delay of a gate scanning line’s changing to the low level
due to the RC time delay, which improves the quality of LCD
displaying images.

Lastly, the aforementioned embodiments are employed to
describe, not to limit, the technique of the invention. Notwith-
standing that a detailed description is given with references to
the embodiments as above, as one of ordinary skill in the art
should understand, the technique embodied in the above
embodiments can be modified, or some technical features can
be substituted with the equivalents; such modifications or
substitutions do not deviate the nature of the technique from
the spirit and scope of the technique embodied in the embodi-
ments according to the invention.

What is claimed is:

1. A liquid crystal display driving device, comprising:

a scanning driving unit;

a data driving unit;

gate lines;

data lines;

pixel regions defined by the gate lines and the data lines;
and

a compensation circuit connected to the gate lines,

wherein the gate lines include gate scanning lines and a
redundant gate line, the data lines include data signal
lines and a redundant data line, the compensation circuit
is used to compensate gate scanning signals of the gate
scanning lines, so as to reduce voltage delay over the
gate scanning lines,

wherein the compensation circuit comprises:

alow-level signal line;

a first switch control signal line;

a second switch control signal line;

first thin film transistors that correspond to odd-numbered
gate scanning lines; and

second thin film transistors that correspond to even-num-
bered gate scanning lines,

wherein each of the first thin film transistors has a source
electrode and a drain electrode directly connected to,
respectively, an end of the corresponding (2n-1)" gate
scanning line and the low-level signal line and a gate
electrode connected to the first switch control signal
line, and each of the second thin film transistors has a
source electrode and a drain electrode directly con-
nected to, respectively, an end of the corresponding (2n)
% gate scanning line and the low-level signal line and a
gate electrode is connected to the second switch control
signal line; and

wherein the gate scanning lines are numbered according to
a scanning sequence and n is a positive integer.
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2. The liquid crystal display driving device according to
claim 1, wherein a voltage of the low-level signal line equals
a low voltage of the gate scanning lines.

3. The liquid crystal display driving device according to
claim 1, wherein a gate threshold voltage of the first thin film
transistors and a gate threshold voltage of the second thin film
transistors equal a gate threshold voltage of the thin film
transistors in the pixel regions.

4. A driving method for a liquid crystal display driving
device, wherein the liquid crystal display driving device,
comprising:

a scanning driving unit;

a data driving unit;

gate lines;

data lines;

pixel regions defined by the gate lines and the data lines;

and

a compensation circuit connected to the gate lines,

wherein the gate lines include gate scanning lines and a

redundant gate line, the data lines includes data signal
lines and a redundant data line, the compensation circuit
is used to compensate gate scanning signals of the gate
scanning lines, so as to reduce voltage delay over the
gate scanning lines,

wherein the compensation circuit comprises:

a low-level signal line;

a first switch control signal line;

a second switch control signal line;

first thin film transistors that correspond to odd-numbered

gate scanning lines; and

second thin film transistors that correspond to even-num-

bered gate scanning lines,
wherein each of the first thin film transistors has a source
electrode and a drain electrode directly connected to,
respectively, an end of the corresponding (2n-1)” gate
scanning line and the low-level signal line and a gate
electrode connected to the first switch control signal
line, and each of the second thin film transistors has a
source electrode and a drain electrode directly con-
nected to, respectively, an end of the corresponding (2n)
™ gate scanning line and the low-level signal line and a
gate electrode is connected to the second switch control
signal line; and
wherein the gate scanning lines are numbered according to
a scanning sequence and n is a positive integer, and

the driving method being a line by line driving method and
aperiod for driving a pair of adjacent gate scanning lines
G2n-1 and G2n being defined as one cycle, wherein the
one cycle sequentially includes time intervals t1-t4, and
wherein
in the time interval t1, the gate scanning signal over the gate
scanning line G2r-1 is at a high level of the gate scan-
ning signal to charge pixels at a row 2n-1, while signals
over the first and second switch control signal lines are at
a low level of the signals;

inthe timeinterval t2, the gate scanning signal over the gate
scanning line G2r-1 changes to a low level of the gate
scanning signal, and the signal over the first switch con-
trol signal line is at a high level of the signal to switch on
the first thin film transistors;

in the time interval t3, the signal over the first switch

control signal line changes to the low level of the signal,
and the gate scanning signal over the gate scanning line
G2n changes to the high level of the gate scanning signal
to charge pixels at a row 2n; and

inthe timeinterval t4, the gate scanning signal over the gate

scanning line G2» changes to the low level of the gate
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scanning signal, the signal over the second switch con-
trol signal line changes to the high level of the signal to
switch on the second thin film transistors.

5. The driving method according to claim 4, wherein a
voltage of the low-level signal line equals a low voltage of the 5
gate scanning lines.

6. The driving method according to claim 4, wherein a gate
threshold voltage of the first thin film transistors and a gate
threshold voltage of the second thin film transistors equal a
gate threshold voltage of the thin film transistors in the pixel 10
regions.

10
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