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(7) ABSTRACT

The present invention discloses a charge-sharing type pixel
structure having a first sub-pixel and a second sub-pixel that
each includes a transistor. The second sub-pixel further has a
third transistor and a top-gate electrode. When the third tran-
sistor is switched on, original gray scale applied to a liquid
crystal capacitor of the first sub-pixel varies due to charges
being shared with other capacitors. The top-gate electrode
change the threshold voltage of the third transistor according
to biasing signal so as to further adjust the variation of the
gray scale voltage applied to the liquid crystal capacitor of the
first sub-pixel.

11 Claims, 4 Drawing Sheets
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1
CHARGE-SHARING TYPE PIXEL
STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pixel structure, especially
to a charge-sharing type pixel structure.

2. Description of the Related Art

Thin-film transistor LCD is one type of liquid crystal dis-
play device. Because of having advantages ofhigh resolution,
low power consumption, light weight and variety of sizes,
thin-film transistor LCD has been widely used in the field of
liquid crystal display device.

Large sized thin-film transistor LCD has a view angle
problem, that is, when a user watch the screen of the LCD
with different angles, the screen has different brightness and
contrast. Nowadays, in order to improve the shortcoming of
poor view angle of thin-film transistor LCD, manufacturers
has disclosed various wide viewing angle technologies, such
as multi-domain vertical alignment (MVA) technology,
which effectively increase the viewing angle of the display
device. However, although the MVA technology can improve
viewing angle problem, a color-washout problem occurred at
oblique viewing angles remains to be solved.

In order to harmonize the colors at oblique viewing angles
and a vertical viewing angle, manufacturers has provided a
charge-share pixel structure. As shown in FIG. 1, a charge-
share pixel structure 9 is to divide a pixel into a first sub-pixel
90 and a second sub-pixel 91, wherein the first sub-pixel 90
has a first thin-film transistor TFT1 that is connected to a first
gate line Gn, a second thin-film transistor TFT2 that is con-
nected to the first gate line Gn, and a voltage-dividing thin-
film transistor TFTS that is connected to the second thin-film
transistor TFT2 and a second gate line Gn+1. When the first
thin-film transitor TFT1 and the second thin-film transistor
TFT2 are simultaneously switched on by the first gate line
Gn, a liquid crystal capacitor Clel of the first sub-pixel 90 and
aliquid crystal capacitor Clc2 of the second sub-pixel 91 have
the same gray scale voltage. Subsequently, the voltage-divid-
ing thin-film transistor TFTS is switched on by the second
gate line Gn+1. Because charges are shared between the
liquid crystal capacitor Clc1 of the first sub-pixel 90 and other
voltage-dividing capacitors Ca, Cb, the liquid crystal capaci-
tor Clel of'the first sub-pixel 90 then has a gray scale voltage
that is different from the gray scale voltage of the liquid
crystal capacitor Clc2 of the second sub-pixel 91, and thereby
improves color-washout phenomenon at oblique viewing
angles.

However, for such design of the aforementioned charge-
sharing pixel structure, once the mask pattern for forming the
voltage-dividing capacitors and the voltage-dividing thin-
film transistor is determined, division of gray scale voltage
can not be re-adjusted except modifying the mask pattern,
which lacks of flexibility.

Therefore, it is necessary to provide a charge-sharing type
pixel structure to overcome the problems existing in the con-
ventional technology.

SUMMARY OF THE INVENTION

In view of the shortcomings of the conventional technol-
ogy, the main objective of the invention is to provide a charge-
sharing type pixel structure where a top-gate electrode is
positioned above the voltage-dividing transistor; and by
adjusting the bias voltage of the top-gate electrode, the bias
voltage of the sub-pixel accordingly can be adjusted. There-
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2

fore, the division of gray scale voltage can be adjusted with-
out changing the design of the mask, the cost of manufactur-
ing can be reduced, and it also makes the adjustment on color
washout problem at oblique viewing angle to be more flex-
ible.

In order to achieve the foregoing object of the present
invention, the present invention provides a charge-sharing
type pixel structure comprising:

a first gate line providing a first scanning signal;

a second gate line providing a second scanning signal;

a data line providing a data signal;

a first sub-pixel having:

a first transistor being connected to the first gate line and
the data line and being switched on when receiving
the first scanning signal from the first gate line;

a first liquid crystal capacitor being connected to the first
transistor and receiving the data signal from the data
line to be biased at a first gray scale voltage when the
first transistor is switched on; and

a first pixel electrode being connected to a drain of the
first transistor;

a second sub-pixel having:

a second transistor being connected to the first gate line
and the data line and being switched on when receiv-
ing the first scanning signal from the first gate line;

a second liquid crystal capacitor being connected to the
second transistor and receiving the data signal from
the data line to be biased at a second gray scale voltage
when the second transistor is switched on;

a third transistor being connected to a first voltage-di-
viding capacitor, a second voltage-dividing capacitor
and the second gate line and being switched on when
receiving the second scanning signal from the second
gate line; when the third transistor is switched on, the
first gray scale voltage applied to the first liquid crys-
tal capacitor of the first sub-pixel varies due to charges
being shared with the first voltage-dividing capacitor
and the second voltage-dividing capacitor;

a top-gate electrode changing a threshold voltage of the
third transistor according to a biasing signal to further
adjust the variation of the first gray scale voltage of the
first liquid crystal capacitor; and

asecond pixel electrode being connected to a drain of the
second transistor; and

a common line constructing a first storage capacitor with

the first pixel electrode and constructing a second stor-

age capacitor with the second pixel electrode.

In one embodiment of the present invention, the top-gate
electrode is a transparent electrically conductive layer and is
partially and insulatedly overlapped with the third transistor.

The present invention further provides another charge-
sharing type pixel structure comprising:

a first gate line providing a first scanning signal;

a second gate line providing a second scanning signal;

a data line providing a data signal;

a first sub-pixel having:

a first transistor being connected to the first gate line and
the data line and being switched on when receiving
the first scanning signal from the first gate line; and

a first liquid crystal capacitor being connected to the first
transistor and receiving the data signal from the data
line to be biased at a first gray scale voltage when the
first transistor is switched on; and

a second sub-pixel having:

a second transistor being connected to the first gate line
and the data line and being switched on when receiv-
ing the first scanning signal from the first gate line;



US 9,013,387 B2

3

a second liquid crystal capacitor being connected to the
second transistor and receiving the data signal from
the data line to be biased at a second gray scale voltage
when the second transistor is switched on;

a third transistor being connected to a first voltage-di-
viding capacitor and the second gate line and being
switched on when receiving the second scanning sig-
nal from the second gate line;

when the third transistor is switched on, the first gray
scale voltage applied to the first liquid crystal capaci-
tor of the first sub-pixel varies due to charges being
shared with the first voltage-dividing capacitor; and

atop-gate electrode being positioned on an area partially
overlapped with the third transistor, changing a
threshold voltage of the third transistor according to a
biasing signal to further adjust the variation ofthe first
gray scale voltage of the first liquid crystal capacitor.

In one embodiment of the present invention, the second
sub-pixel further has a second voltage-dividing capacitor
being connected to the third transistor, and the second volt-
age-dividing capacitor shares charges with the first voltage-
dividing capacitor and the first liquid crystal capacitor.

In one embodiment of the present invention, the pixel
structure further comprises a first pixel electrode, a second
pixel electrode and a common line; the first pixel electrode is
connected to a drain of the first transistor; the second pixel
electrode is connected to a drain of the second transistor; and
the common line constructs a first storage capacitor with the
first pixel electrode and constructs a second storage capacitor
with the second pixel electrode.

In one embodiment of the present invention, the top-gate
electrode is a transparent electrically conductive layer and is
partially and insulatedly overlapped with the third transistor.

In one embodiment of the present invention, the top-gate,
the first pixel electrode and the second pixel electrode are
formed by the same transparent electrically conductive layer
through a photolithography process.

In one embodiment of the present invention, the top-gate
electrode is connected to a metallic signal line via an electri-
cally conductive through hole.

In one embodiment of the present invention, the metallic
signal line is the common line.

In one embodiment of the present invention, the metallic
signal line is connected to a DC signal source.

In one embodiment of the present invention, the top-gate
electrode is a non-transparent electrically conductive layer
and connected to a DC signal source.

The present invention is to position a top-gate electrode
upon the structure of a voltage-dividing transistor and adjust
the bias voltage of the top-gate electrode to adjust the thresh-
old voltage characteristic of the voltage-dividing transistor,
and so as to further adjust the gray scale voltage applied to the
sub-pixel. Therefore, division of gray scale voltage can be
adjusted without changing the design of mask.

Other objectives, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isa circuit diagram of a conventional charge-sharing
type pixel structure;

FIG. 2 is a circuit diagram of a preferred embodiment of a
charge-sharing type pixel structure in accordance with the
present invention;
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FIG. 3 is a circuit diagram of another preferred embodi-
ment of the charge-sharing type pixel structure in accordance
with the present invention; and

FIG. 4 is a cross-sectional view of a preferred embodiment
of a third transistor of a second sub-pixel of the charge-
sharing type pixel structure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The foregoing objects, features and advantages adopted by
the present invention can be best understood by referring to
the following detailed description of the preferred embodi-
ments and the accompanying drawings. Furthermore, the
directional terms described in the present invention, such as
upper. lower, front, rear, left, right, inner, outer, side and etc.,
are only directions referring to the accompanying drawings,
so that the used directional terms are used to describe and
understand the present invention, but the present invention is
not limited thereto.

With reference FIG. 2, FIG. 2 is a circuit diagram of a
preferred embodiment of a charge-sharing type pixel struc-
ture in accordance with the present invention. A charge-shar-
ing type pixel structure 1 comprises a first sub-pixel 11 and a
second sub-pixel 12.

With reference to FIG. 2, the first sub-pixel 11 is connected
to afirst gate line Gn and a date line Dm, wherein the first gate
line Gn is connected to a gate-line driving circuit such that the
first gate line Gn can provide a first scanning signal, and the
data line Dm is connected to a data-line driving circuit such
that the data line Dm can provide a data signal. In more
details, the first sub-pixel 11 has a first transistor TFT1 and a
first liquid crystal capacitor Clc1. The first transistor TFT1 is
a thin-film transistor and has a gate connected to the first gate
line Gn and a source connected to the data line Dm. Whne the
gate-line driving circuit drives the first gate line Gn to trans-
mit the first scanning signal to the gate of the first transistor
TFT1, the first transistor TFT1 then is switched on. The first
liquid crystal capacitor Clc1 is connected to the first transistor
TFT1 and is constructed by a first pixel electrode and a
common electrode (not shown in the figure), wherein the first
pixel electrode is connected to a drain of the first transistor
TFT1. The first liquid crystal capacitor Clcl receives the data
signal from the data line Dm through the first transistor TFT1
to be biased at a first gray scale voltage when the first tran-
sistor TFT1 is switched on.

With reference to FIG. 2, the second sub-pixel 12 is also
connected to the first gate line Gn and the data line Dm and
further connected to a second gate line Gn+1. The second gate
line Gn+1 follows the first gate line Gn to be driven by the
gate-line driving circuit so as to provide a second scanning
signal. In more details, the second sub-pixel 12 has a second
transistor TFT2, a third transistor TFTS, a second liquid crys-
tal capacitor Clc2 and a top-gate electrode TG. The second
transistor TFT2 is a thin-film transistor and has a gate con-
nected to the first gate line Gn and a source connected to the
data line Dm. Similarly, when the gate-line driving circuit
drives the first gate line Gn to transmit the first scanning signal
to the gate of the second transistor TFT2, the second transistor
TFT2 is then switched on, that is, when the gate-line driving
circuit drives the first gate line Gn to transmit the first scan-
ning signal, the first transistor TFT1 and the second transistor
TFT2 are simultaneously switched on. A first end of the third
transistor TFTS is connected to the second gate line Gn+1, a
second end thereof is connected to a first voltage-dividing
capacitor Ca, and a third end thereof is connected to the first
liquid crystal capacitor Clel of the first transistor TFT1.
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When the gate-line driving circuit drives the second gate line
Gn+1 to provide the second scanning signal to the first end of
the third transistor TFTS, the third transistor TFTS then is
switched on. Moreover, when the third transistor TEFTS is
switched on, the first gray scale voltage applied to the first
liquid crystal capacitor Clcl varies by sharing charges with
the first voltage-dividing capacitor Ca.

With reference to FIG. 2, the second liquid crystal capaci-
tor Clc2 is connected to the second transistor TFT2 and is
constructed by a second pixel electrode and a common elec-
trode (not shown in the figure), wherein the second pixel
electrode is connected to a drain of the second transistor
TFT2. When the second transistor TFT2 is switched on, the
second liquid crystal capacitor Cle2 receives the data signal
from the data line Dm through the second transistor TFT2 to
be biased at a second gray scale voltage; when the third
transistor TFTS is not yet switched on, the second gray scale
voltage is equal to the first gray scale voltage; and when the
third transistor TFTS is switched on, through charge sharing,
the first gray scale voltage will vary and not be equal to the
second gray scale voltage. Moreover, the second liquid crys-
tal capacitor Cle2 is further connected to the third transistor
TFTS via the first voltage-dividing capacitor Ca.

For further describing the top-gate electrode TG, please
refer to FIG. 4, FIG. 4 is a cross-sectional view of a preferred
embodiment of the third transistor TFTS of the second sub-
pixel 12 of the charge-sharing type pixel structure 1.

With reference to FIG. 4, the structure of the third transistor
TFTS includes a gate 21 of the third transistor TFTS that is
formed on a surface of a substrate 20, a semi-conductor layer
25 insulatedly mounted on the gate 21 of the third transistor
TFTS, asource 22 and a drain 23 of the third transistor that are
mounted on the semi-conductor layer 25, a passivation layer
26 covering the source 22 and the drain 23 of the third tran-
sistor and a top-gate electrode 27 and a second pixel electrode
24 that are mounted on the passivation layer 26.

The gate 21 of the third transistor TFTS is formed by
sputtering a first metallic layer; the source 22 and the drain 23
of the third transistor are formed by sputtering a second
metallic layer; and the top-gate electrode 27 and the second
pixel electrode 24 are preferably formed by a transparent
electrically conductive layer, such as indium tin oxide,
wherein the top-gate electrode 27 is correspondingly posi-
tioned upon the gate of the third transistor TFTS, and the
second pixel electrode 24 is connected to the drain 23 of the
third transistor via a through hole.

With reference to FIG. 4, the top-gate electrode 27(TG) is
insulatedly mounted on an area which is partially overlapped
with the third transistor TFTS. The influence of such structure
on the third transistor TFTS are: when applying different bias
voltages to the top-gate electrode 27(TG), the threshold volt-
age of the third transistor TFTS itself will shift, that is, the
top-gate electrode 27(TG) may change the threshold voltage
of the third transistor TFTS according to a bias signal.

With the change of the threshold voltage of the third tran-
sistor TFTS, the variation of the gray scale voltage applied to
the first liquid crystal capacitor Clc1 through charge-sharing
will also change. Therefore, by applying different bias volt-
ages to the top-gate electrode 27(TG), the variation of the
gray scale voltage applied to the first liquid crystal capacitor
Clel can be effectively adjusted, and so as to adjust the first
liquid crystal capacitor Clcl to be biased at a most ideal gray
scale voltage after charge-sharing such that color-washout
problem can greatly improved.

With reference to FIG. 2, the chare-sharing type pixel
structure 1 further comprises a first storage capacitor Cstl
connected to the first transistor TFT1 and a second storage
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capacitor Cst2 connected to the second transistor TFT2. The
first storage capacitor Cstl is constructed by a first pixel
electrode and a common line, wherein the first pixel electrode
is connected to the drain of the first transistor. Similarly, the
second storage capacitor Cst2 is constructed by a second pixel
electrode 24 (as shown in FIG. 4) and the common line,
wherein the second pixel electrode is connected to the drain of
the second stransistor. The common line generally is formed
together with the first gate line Gn and the second gate line
Gn+1 so asto construct the first storage capacitor Cst1 and the
second storage capacitor Cst2 with the first pixel electrode
and the second pixel electrode, respectively.

The top-gate electrode 27(TG) may be formed together
with the first pixel electrode and the second pixel electrode by
the same transparent electrically conductive layer, such as
indium tin oxide, through a photolithography process. Fur-
thermore, in order to apply a biasing voltage to the top-gate
electrode 27(TG) to adjust the variation of the gray scale
voltage that is applied to the second liquid crystal capacitor
Cle2, the top-gate electrode 27(TG) may be connected to a
metallic signal line via an electrically conductive through
hole. And the metallic signal line may be connected to the
common line; or as shown in FIG. 3, the metallic signal line
may be connected to a DC signal source. On the other hand,
the top-gate 27(TG) may be a non-transparent electrically
conductive layer and connected to a DC signal source.

It is worth noting that the top-gate electrode 27(TG) is not
limited to the foregoing embodiments; it can be any electrical
conductor that is partially and insulatedly overlapped with the
third transistor and receives an adjusting biasing voltage.

By the above description, comparing with the conventional
technology having a disadvantage of lacking flexibility on
adjusting the division of gray scale voltage, the present inven-
tion provides an improved charge-sharing type pixel structure
that a top-gate electrode is used to be mounted upon the
voltage-dividing transistor such that the gray scale voltage
applied to sub-pixels after charge-sharing can be adjusted by
adjusting the biasing voltage applied to the top-gate elec-
trode. Therefore, the division of gray scale voltages can be
adjusted without changing the design of mask, the manufac-
turing cost is saved, and the adjustment for oblique viewing
angle problem can be more flexible.

The present invention has been described with a preferred
embodiment thereof and it is understood that many changes
and modifications to the described embodiment can be car-
ried out without departing from the scope and the spirit of the
invention that is intended to be limited only by the appended
claims.

What is claimed is:

1. A charge-sharing type pixel structure comprising;

a first gate line providing a first scanning signal;

a second gate line providing a second scanning signal;

a data line providing a data signal;

a first sub-pixel having:

a first transistor being connected to the first gate line and
the data line and being switched on when receiving
the first scanning signal from the first gate line;

a first liquid crystal capacitor being connected to the first
transistor and receiving the data signal from the data
line to be biased at a first gray scale voltage when the
first transistor is switched on; and

a first pixel electrode being connected to a drain of the
first transistor;

a second sub-pixel having:

a second transistor being connected to the first gate line
and the data line and being switched on when receiv-
ing the first scanning signal from the first gate line;
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a second liquid crystal capacitor being connected to the
second transistor and receiving the data signal from
the data line to be biased at a second gray scale voltage
when the second transistor is switched on;

a third transistor being connected to a first voltage-di-
viding capacitor, a second voltage-dividing capacitor
and the second gate line and being switched on when
receiving the second scanning signal from the second
gate line; when the third transistor is switched on, the
first gray scale voltage applied to the first liquid crys-
tal capacitor of the first sub-pixel varies due to charges
being shared with the first voltage-dividing capacitor
and the second voltage-dividing capacitor;

atop-gate electrode changing a threshold voltage of the
third transistor according to a biasing signal to further
adjust the variation of the first gray scale voltage of the
first liquid crystal capacitor; and

asecond pixel electrode being connected to a drain of the
second transistor; and

a common line constructing a first storage capacitor with

the first pixel electrode and constructing a second stor-

age capacitor with the second pixel electrode; wherein
the third transistor includes:

a gate formed on a surface of a substrate;

a semi-conductor layer insulatedly mounted on the gate;

a source mounted on the semi-conductor layer;

a drain mounted on the semi-conductor layer; and

a passivation layer covering the source and the drain;
wherein the top-gate electrode and the second pixel
electrode are mounted on the passivation layer.

2. The charge-sharing type pixel structure as claimed in
claim 1, wherein the top-gate electrode is a transparent elec-
trically conductive layer and is partially and insulatedly over-
lapped with the third transistor.

3. A charge-sharing type pixel structure comprising;

a first gate line providing a first scanning signal;

a second gate line providing a second scanning signal;

a data line providing a data signal,

a first sub-pixel having:

a first transistor being connected to the first gate line and
the data line and being switched on when receiving
the first scanning signal from the first gate line; and

a firstliquid crystal capacitor being connected to the first
transistor and receiving the data signal from the data
line to be biased at a first gray scale voltage when the
first transistor is switched on; and

a second sub-pixel having:

a second transistor being connected to the first gate line
and the data line and being switched on when receiv-
ing the first scanning signal from the first gate line;

a second liquid crystal capacitor being connected to the
second transistor and receiving the data signal from
the data line to be biased at a second gray scale voltage
when the second transistor is switched on;

a third transistor being connected to a first voltage-di-
viding capacitor and the second gate line and being
switched on when receiving the second scanning sig-
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nal from the second gate line; when the third transistor
1s switched on, the first gray scale voltage applied to
the first liquid crystal capacitor of the first sub-pixel
varies due to charges being shared with the first volt-
age-dividing capacitor; and

a top-gate electrode changing a threshold voltage of the
third transistor according to a biasing signal to further
adjust the variation of the first gray scale voltage of the
first liquid crystal capacitor; wherein

the third transistor includes:

a gate formed on a surface of a substrate;

asemi-conductor layer insulatedly mounted on the gate;

a source mounted on the semi-conductor layer:

a drain mounted on the semi-conductor layer; and

a passivation layer covering the source and the drain;
wherein the too-gate electrode and the second pixel
electrode are mounted on the passivation layer.

4. The charge-sharing type pixel structure as claimed in
claim 3, wherein the second sub-pixel further has a second
voltage-dividing capacitor being connected to the third tran-
sistor, and the second voltage-dividing capacitor shares
charges with the first voltage-dividing capacitor and the first
liquid crystal capacitor.

5. The charge-sharing type pixel structure as claimed in
claim 3, wherein the pixel structure further comprises a first
pixel electrode, a second pixel electrode and a common line:
the first pixel electrode is connected to a drain of the first
transistor, the second pixel electrode is connected to a drain of
the second transistor, and the common line constructs a first
storage capacitor with the first pixel electrode and constructs
a second storage capacitor with the second pixel electrode.

6. The charge-sharing type pixel structure as claimed in
claim 5, wherein the top-gate electrode is a transparent elec-
trically conductive layer and is partially and insulatedly over-
lapped with the third transistor.

7. The charge-sharing type pixel structure as claimed in
claim 6, wherein the top-gate, the first pixel electrode and the
second pixel electrode are formed by the same transparent
electrically conductive layer through a photolithography pro-
cess.

8. The charge-sharing type pixel structure as claimed in
claim 6, wherein the top-gate electrode is connected to a
metallic signal line via an electrically conductive through
hole.

9. The charge-sharing type pixel structure as claimed in
claim 8, wherein the metallic signal line is the common line.

10. The charge-sharing type pixel structure as claimed in
claim 8, wherein the metallic signal line is connected to a DC
signal source.

11. The charge-sharing type pixel structure as claimed in
claim 5, wherein the top-gate electrode is a non-transparent
electrically conductive layer and connected to a DC signal
source.
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