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LIQUID CRYSTAL DISPLAY HAVING
DISCHARGING CIRCUIT

FIELD OF THE INVENTION

The present invention relates liquid crystal displays
(LCDs), and particularly to an LCD which includes a dis-
charging circuit for avoiding a residual image phenomenon.

GENERAL BACKGROUND

An LCD has the advantages of portability, low power con-
sumption, and low radiation, and has been widely used in
various portable information products such as notebooks,
personal digital assistants (PDAs), video cameras and the
like. Furthermore, the LCD is considered by many to have the
potential to completely replace CRT (cathode ray tube) moni-
tors and televisions. An LCD generally includes a liquid
crystal panel, a driving circuit for driving the liquid crystal
panel, and a backlight module for illuminating the liquid
crystal panel.

FIG. 2 is essentially an abbreviated circuit diagram of a
typical LCD 100. The LCD 100 includes a liquid crystal panel
(not shown), a gate driving circuit 110 and a data driving
circuit 120. The gate driving circuit 110 and the data driving
circuit 120 are formed on the liquid crystal panel by a chip on
glass (COG) method. The gate driving circuit 110 is used to
scan the liquid crystal panel. The data driving circuit 120 is
used to provide gray-scale voltages to the liquid crystal panel
when the liquid crystal panel is scanned.

The liquid crystal panel includes a pixel array 130 and a
short-circuit test circuit 140. The pixel array 130 includes a
number of gate lines 111 that are parallel to each other and
that each extend along a first direction, and a number of data
lines 121 that are parallel to each other and that each extend
along a second direction orthogonal to the first direction. The
gate lines 111 and data lines 121 cross each other, thereby
defining an array of pixel units 150. The gate lines 111 are
connected to the gate driving circuit 110. The data lines 121
are connected to the data driving circuit 120.

Each pixel unit 150 includes a thin film transistor (TFT)
151, a storage capacitor 152, and a common electrode 153. A
gate electrode (not labeled), a source electrode (not labeled),
and a drain electrode (not labeled) of the TFT 151 are con-
nected to a corresponding gate line 111, a corresponding data
line 121, and a terminal of the storage capacitor 152 respec-
tively. The other terminal of the storage capacitor 152 is
connected to the common electrode 153. The TFT 151 func-
tions as a switching element for charging and discharging of
the storage capacitor 152.

The short-circuit test circuit 140 includes a plurality of
switching TFTs 141, a test control line 142, a first test lead
1401, a second test lead 1402, a third test lead 1403, a fourth
test lead 1404, and a fifth test lead 1405. Each of odd-num-
bered gate lines 111 is connected to the third testlead 1403 via
a drain electrode and a source electrode of a corresponding
switching TFT 141. Each of even-numbered gate lines 111 is
connected to the fourth test lead 1404 via a drain electrode
and a source electrode of a corresponding switching TFT 141.
Fach of odd-numbered data lines 121 is connected to the first
test lead 1401 via a source electrode and a drain electrode of
a corresponding switching TFT 141. Each of even-numbered
data lines 121 is connected to the second test lead 1402 via a
source electrode and a drain electrode of a corresponding
switching TFT 141. The fifth test lead 1405 is connected with
gate electrodes of the switching TFTs 141 and finally the gate
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driving circuit 110 in series via the test control line 142. The
structure of the short-circuit test circuit 140 is a so-called
2G2D structure.

The short-circuit test circuit 140 is generally used to test
whether the gate lines 111 and the data lines 121 are damaged
or not before the driving circuits 110, 120 are attached to the
liquid crystal panel. When the liquid crystal panel is tested,
each of the test leads 1401, 1402, 1403, 1404, 1405 receives
atest signal. The fifth test lead 1405 provides a high-voltage
signal to switch on the switching TFTs 141. The third test lead
1403 provides a high voltage to odd-numbered gate lines 111
to switch on odd-row TFTs 151. The fourth test lead 1404
provides a high voltage to even-numbered gate lines 111 to
switch on even-row TFTs 151. The first and second test leads
1401, 1402 provide gray-scale voltages to the storage capaci-
tors 152 respectively via odd-numbered data lines 121 and
even-numbered data lines 121, thereby displaying test images
on the liquid crystal panel. After the gate driving circuit 110 is
attached onto the liquid crystal panel, the gate driving circuit
110 provides a low voltage to the gate electrodes of the
switching transistors 141 via the test control line 142 so as to
deactivate the short-circuit test circuit 140.

The LCD 100 is powered on by an external power supply
(not shown), which connects with the LCD 100 via an exter-
nal power supply connection of the LCD 100. After the LCD
100 is powered on, the gate driving circuit 110 provides a high
voltage to the gate lines 111 so as to switch on the TFTs 151.
The data driving circuit 120 provides a gray-scale voltage to
the storage capacitors 152 via the data lines 121 and the
activated TFTs 151. After being charged, the storage capaci-
tors 152 each store a changeless amount of electric charge
until a next gray-scale voltage is applied thereto.

When the LCD 100 is powered off, electric charge stored in
the storage capacitors 152 generally cannot be discharged
quickly. This makes the voltage at the external power supply
connection drop slowly. As a result, the gate driving circuit
110 and the data driving circuit 120 operate incorrectly,
thereby producing a residual image on the liquid crystal
panel.

What is needed, therefore, is a new LCD that can overcome
the above-described deficiencies.

SUMMARY

In one preferred embodiment, a liquid crystal display
includes a liquid crystal panel, a gate driving circuit, and a
data driving circuit. The liquid crystal panel includes a pixel
array, a short-circuit test circuit, and a control circuit. The
short-circuit test circuit and the control circuit cooperatively
form a discharging circuit. When the liquid crystal display is
powered off, electric charge stored in the liquid crystal panel
is discharged through the discharging circuit. The gate driv-
ing circuit is configured for scanning the liquid crystal panel.
The data driving circuit is configured for providing gray-scale
voltages to the liquid crystal panel when the liquid crystal
panel is scanned.

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is essentially an abbreviated circuit diagram of an
LCD according to an exemplary embodiment of the present
invention.
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FIG. 2 is essentially an abbreviated circuit diagram of a
conventional LCD.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 1, an LCD 200 according to an exem-
plary embodiment of the present invention is shown. The
LCD 200 includes a liquid crystal panel (not shown), a gate
driving circuit 210, and a data driving circuit 220. Typically,
the gate driving circuit 210 and the data driving circuit 220 are
formed on the liquid crystal panel by a chip on glass (COG)
method. The gate driving circuit 210 is used to scan the liquid
crystal panel. The data driving circuit 120 is used to provide
gray-scale voltages to the liquid crystal panel when the liquid
crystal panel is scanned.

The liquid crystal panel includes a pixel array 230, a short-
circuit test circuit 240, and a control circuit 290. The short-
circuit test circuit 240 and the control circuit 290 coopera-
tively form a discharging circuit. When the LCD 200 is
powered off, electric charge stored in the liquid crystal panel
1s discharged quickly via the discharging circuit.

The pixel array 230 includes a number of gate lines 211 that
are parallel to each other and that each extend along a first
direction, and a number of data lines 221 that are parallel to
each other and that each extend along a second direction
orthogonal to the first direction. The gate lines 211 and data
lines 221 cross each other, thereby defining an array of pixel
units 270. The gate lines 211 are connected to the gate driving
circuit 210. The data lines 221 are connected to the data
driving circuit 220.

Each pixel unit 270 includes a thin film transistor (TFT)
271, a storage capacitor 272, and a common electrode 273. A
gate electrode (not labeled), a source electrode (not labeled),
and a drain electrode (not labeled) of the TFT 271 are con-
nected to a corresponding gate line 211, a corresponding data
line 221, and a terminal of the storage capacitor 272 respec-
tively. The other terminal of the storage capacitor 272 is
connected to the common electrode 273. The TFT 271 func-
tions as a switching element for charging and discharging of
the storage capacitor 272.

The short-circuit test circuit 240 includes a plurality of
switching transistors 241, a test control line 242, a first test
lead 2401, a second test lead 2402, a third test lead 2403, a
fourth test lead 2404, and a fifth test lead 2405. Typically, the
switching transistors 241 are switching TFTs 241. In the
illustrated embodiment, the first, second, third, fourth, and
fifth test leads 2401, 2402, 2403, 2404, 2405 include conduc-
tive pads. Each of odd-numbered gate lines 211 is connected
to the third test lead 2403 via a drain electrode and a source
electrode of a corresponding switching TFT 241. Each of
even-numbered gate lines 211 is connected to the fourth test
lead 2404 via a drain electrode and a source electrode of a
corresponding switching TFT 241. Each of odd-numbered
data lines 221 is connected to the first test lead 2401 via a
source electrode and a drain electrode of a corresponding
switching TFT 241. Each of even-numbered data lines 221 is
connected to the second test lead 2402 via a source electrode
and a drain electrode of a corresponding switching TFT 241.
The fifth test lead 2405 is connected with gate electrodes of
the switching TFTs 241 in series via the test control line 242.
Before the driving circuits 210, 220 are attached onto the
liquid crystal panel, the short-circuit test circuit 230 receives
external test signals through the five test leads 2401, 2402,
2403, 2404, 2405 to test the liquid crystal panel. After the
driving circuits 210, 220 are attached onto the liquid crystal
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panel, the first and second test leads 2401, 2402 are connected
to ground, and the test control line 242 is connected to the gate
driving circuit 210.

The gate driving circuit 210 includes a power-off protec-
tion circuit 212. When the LCD 200 is powered off, the
power-off protection circuit 212 immediately disconnects the
gate driving circuit 210 from the test control line 242.

The control circuit 290 includes a switching circuit 250, a
charge storage circuit 260, a first direct current (DC) input
terminal 252, and a second DC input terminal 254. The
switching circuit 250 includes a p-channel metal oxide semi-
conductor field effect transistor (P-MOSFET) 251 and a
grounding resistor 256. The charge storage circuit 260
includes a first terminal 262, a second terminal 264, and a
plurality of capacitors 261 connected in parallel between the
first and second terminals 262, 264. A gate electrode of the
P-MOSFET 251 is connected to the first DC input terminal
252, and is connected to ground via the grounding resistor
256. A drain electrode of the P-MOSFET 251 is connected to
the third, fourth and fifth test leads 2403, 2404, 2405. A
source electrode of the P-MOSFET 251 is connected to the
second DC input terminal 254, and is connected to the first
terminal 262 of the charge storage circuit 260.

Typical operation of the LCD 200 is as follows:

After the LCD 200 is powered on, a 10V direct current
voltage V. 18 applied to the first DC input terminal 252, and
a 10V direct current voltage V,, provided by the gate driving
circuit 210 is applied to the second DC input terminal 254.
Thus, a voltage difference between the gate and source elec-
trodes of the P-MOSFET 251 is equal to zero, and therefore
the P-MOSFET 251 is in an off state. The second DC input
terminal 254 charges the charge storage circuit 260.

The gate driving circuit 210 provides a high voltage to the
gate lines 211 so as to switch on the TFTs 271. The data
driving circuit 220 provides a gray-scale voltage to the stor-
age capacitors 272 via the data lines 221 and the activated
TFTs 271. After being charged, the storage capacitors 272
each store a changeless amount of electric charge until a next
gray-scale voltage is applied thereto.

After the LCD 200 is powered off, the voltage V. applied
to the first DC input terminal 252 and the voltage V;, applied
to the second DC input terminal 254 are both cut off. Because
the gate electrode of the P-MOSFET 251 is connected to
ground via the grounding resistor 256, the gate electrode of
the P-MOSFET 251 has zero voltage. The charge storage
circuit 260 was previously charged by the second DC input
terminal 254, and thereby has a voltage of 10V. Because the
source electrode of the P-MOSFET 251 is connected to the
charge storage circuit 260, the voltage difference between the
gate and source electrodes of the P-MOSFET 251 is equal to
-10V, and thus the P-MOSFET 251 is switched on. The
charge storage circuit 260 applies a high voltage to the gate
electrodes of the switching TFTs 241 via the activated
P-MOSFET 251, the fifth test lead 2405 and the test control
line 242 so as to switch on the switching TFTs 241. The
charge storage circuit 260 also applies a high voltage to the
gate lines 211 via the third and fourth test leads 2403, 2404
and the activated switching TFTs 241 so as to switch on the
TFTs 271. Thus, charges stored in the storage capacitors 272
are discharged via the activated TFTs 271, the data lines 221,
and the first and second test leads 2401, 2402. Thereby, a
residual image phenomenon can be avoided.

In summary, a residual image phenomenon can be avoided
by using the short-circuit test circuit 240 and the control
circuit 290, without any need to change circuit configurations
of the gate driving circuit 210 and the data driving circuit 220.
That is, given that the short-circuit test circuit 240 is a neces-
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sary component and already provided, the simple addition of
the control circuit 290 to the short-circuit test circuit 240
creates a combination that constitutes the discharging circuit.
The LCD 200 is thus conveniently provided with the dis-
charging circuit so that the display quality of the LCD 200 can
be improved.

Tt is to be further understood that even though numerous
characteristics and advantages of the present embodiments
have been set out in the foregoing description, together with
details of the structures and functions of the embodiments, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in which
the appended claims are expressed.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel comprising a pixel array, a short-
circuit test circuit, and a control circuit, the short-circuit
test circuit and the control circuit cooperatively forming
a discharging circuit, the control circuit comprising a
first direct current input terminal, a second direct current
terminal, a switching circuitand a charge storage circuit,
the short-circuit test circuit, the switching circuit and the
charge storage circuit being connected to ground in
series, the switching circuit comprising a p-channel
metal oxide semiconductor field effect transistor
(P-MOSFET) and a grounding resistor, a gate electrode
of the P-MOSFET being connected to the first direct
current input terminal, and being further connected to
ground via the grounding resistor, a drain electrode of
the P-MOSFET being connected to the short-circuit test
circuit, and a source electrode of the P-MOSFET being
connected to the charge storage circuit and the second
direct current input terminal;

a gate driving circuit configured for scanning the liquid
crystal panel; and

a data driving circuit configured for providing gray-scale
voltages to the liquid crystal panel when the liquid crys-
tal panel is scanned,

wherein when the liquid crystal display is powered off,
electric charge stored in the liquid crystal panel is dis-
charged through the discharging circuit.

2. The liquid crystal display as claimed in claim 1, wherein
the charge storage circuit comprises a first terminal and a
second terminal, the first terminal being connected to the
source electrode of the P-MOSFET, and the second terminal
being connected to ground.

3. The liquid crystal display as claimed in claim 2, wherein
the charge storage circuit further comprises a plurality of
capacitors connected in parallel between the first terminal and
the second terminal.

4. The liquid crystal display as claimed in claim 1, wherein
the short-circuit test circuit comprises a test control line, a
plurality of switching thin film transistors (TFTs), a first test
lead, a second test lead, a third test lead, a fourth test lead, and
a fifth test lead, the first and second test leads being connected
to ground, the third, fourth and fifth test leads being connected
to the drain electrode of the P-MOSFET, and the fifth test lead
being further connected with gate electrodes of the switching
TFTs and finally the gate driving circuit in series via the test
control line.

5. The liquid crystal display as claimed in claim 4, wherein
the gate driving circuit comprises a power-off protection cir-
cuit, and when the liquid crystal display is powered off, the
power-off protection circuit immediately disconnects the gate
driving circuit from the test control line.
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6. The liquid crystal display as claimed in claim 4, wherein
the pixel array comprises a number of gate lines that are
parallel to each other and that each extend along a first direc-
tion, and a number of data lines that are parallel to each other
and that each extend along a second direction orthogonal to
the first direction, the gate lines and data lines crossing each
other, thereby defining an array of pixel units.

7. The liquid crystal display as claimed in claim 6, wherein
each of odd-numbered gate lines is connected to the third test
lead via a drain electrode and a source electrode of a corre-
sponding switching TFT, each of even-numbered gate lines is
connected to the fourth test lead via a drain electrode and a
source electrode of a corresponding switching TFT, each of
odd-numbered data lines is connected to the first test lead via
a source electrode and a drain electrode of a corresponding
switching TFT, and each of even-numbered data lines is con-
nected to the second test lead via a source electrode and a
drain electrode of a corresponding switching TFT.

8. The liquid crystal display as claimed in claim 7, wherein
each of the pixel units comprising a thin film transistor (TFT),
a storage capacitor, and a common electrode, a gate electrode,
a source electrode, and a drain electrode of the TFT being
connected to a corresponding gate line, a corresponding data
line, and a terminal of the storage capacitor respectively, the
other terminal of the storage capacitor being connected to the
common electrode.

9. The liquid crystal display as claimed in claim 1, wherein
the gate driving circuit and the data driving circuit are formed
on the liquid crystal panel by a chip on glass method.

10. The liquid crystal display as claimed in claim 1,
wherein the first direct current input terminal is connected to
a 10 volt direct current voltage, and the second direct current
input is connected to a 10 volt current voltage.

11. The liquid crystal display as claimed in claim 10,
wherein when the liquid crystal display is powered on, the
first and the second direct current input terminals are con-
nected to the 10 volt direct current voltages respectively such
that the P-MOSFET is switched off and the charge storage
circuit is charged, and when the liquid crystal display is
powered off, the first and the second direct current input
terminals are disconnected from the 10 volt direct current
voltages respectively such thatthe P-MOSFET is switched on
and the charge storage circuit is discharged.

12. A liquid crystal display comprising:

a liquid crystal panel comprising a pixel array, a short-
circuit test circuit, and a control circuit, the short-circuit
test circuit and the control circuit cooperatively forming
a discharging circuit, the control circuit comprising a
first direct current input terminal, a second direct current
terminal, a switching circuitand a charge storage circuit,
the short-circuit test circuit, the switching circuit and the
charge storage circuit being connected to ground in
series, the switching circuit comprising a transistor, a
gate electrode of the transistor being connected to the
first direct current input terminal, a drain electrode of the
transistor being connected to the short-circuit test cir-
cuit, and a source electrode of the transistor being con-
nected to the charge storage circuit and the second direct
current input terminal,

a gate driving circuit configured for scanning the liquid
crystal panel; and

a data driving circuit configured for providing gray-scale
voltages to the liquid crystal panel when the liquid crys-
tal panel is scanned,

wherein when the liquid crystal display is powered off,
electric charge stored in the liquid crystal panel is dis-
charged through the discharging circuit, and the short-
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circuit test circuit comprises a test control line, a plural-
ity of switching thin film transistors (TFTs), a first test
lead, a second test lead, a third test lead, a fourth test
lead, and a fifth test lead, the first and second test leads
being connected to ground, the third, fourth and fifth test
leads being connected to the drain electrode of the tran-
sistor of the switching circuit, and the fifth test lead
being further connected with gate electrodes of the
switching TFTs and finally the gate driving circuit in
series via the test control line.

13. The liquid crystal display as claimed in claim 12,
wherein the pixel array comprises a number of gate lines that
are parallel to each other and that each extend along a first
direction, and a number of data lines that are parallel to each
other and that each extend along a second direction orthogo-
nal to the first direction, the gate lines and data lines crossing
each other, thereby defining an array of pixel units.

14. The liquid crystal display as claimed in claim 13,
wherein each of odd-numbered gate lines is connected to the
third test lead via a drain electrode and a source electrode of
a corresponding switching TFT, each of even-numbered gate
lines is connected to the fourth test lead via a drain electrode
and a source electrode of a corresponding switching TFT,
each of odd-numbered data lines is connected to the first test
lead via a source electrode and a drain electrode of a corre-
sponding switching TFT, and each of even-numbered data
lines is connected to the second test lead via a source elec-
trode and a drain electrode of a corresponding switching TFT.

15. The liquid crystal display as claimed in claim 14,
wherein the first direct current input terminal is connected to
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a first direct current voltage, and the second direct current
input is connected to a second current voltage, the second
current voltage substantially equaling to the first current volt-
age.

16. The liquid crystal display as claimed in claim 15,
wherein when the liquid crystal display is powered on, the
first and the second direct current input terminals are con-
nected to the first and the second direct current voltages
respectively such that the transistor of the switching circuit is
switched off and the charge storage circuit is charged, and
when the liquid crystal display is powered off, the first and the
second direct current input terminals are disconnected from
the first and the second direct current voltages respectively
such that the transistor of the switching circuit is switched on
and the charge storage circuit is discharged.

17. The liquid crystal display as claimed in claim 16,
wherein the second current voltage is provided by the gate
driving circuit.

18. The liquid crystal display as claimed in claim 17,
wherein the charge storage circuit comprises a first terminal
and a second terminal, the first terminal being connected to
the source electrode of the transistor of the switching circuit,
and the second terminal being connected to ground.

19. The liquid crystal display as claimed in claim 18,
wherein the charge storage circuit further comprises a plural-
ity of capacitors connected in parallel between the first ter-
minal and the second terminal.
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