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(57) ABSTRACT

A liquid crystal display (LCD) device includes aliquid crystal

(73) Assignees: INNOCOM TECHNOLOGY panel, a gate driver, gate lines, a data driver, and a scanning
(SHENZHEN) CO., LTD.; controlling circuit. The gate driver is configured for providing
INNOLUX DISPLAY CORP. scanning signals to the gate lines. The scanning controlling
circuit is connected between the gate driver and the gate lines
(21) Appl. No.: 12/214,937 and controls the gate driver to scan the odd-row gate lines in
a first half-frame time, and scan the even-row gate lines in a
(22) Filed: Jun. 23, 2008 second half-frame time.
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LIQUID CRYSTAL DISPLAY DEVICE WITH
SCANNING CONTROLLING CIRCUIT AND
DRIVING METHOD THEREOF

FIELD OF THE INVENTION

[0001] Embodiments of the present disclosure relate to lig-
uid crystal display (LCD) devices and driving methods
thereof, and particularly to a system and method for driving
an LCD device with a scanning controlling circuit.

GENERAL BACKGROUND

[0002] Because LCD devices have the advantages of port-
ability, low power consumption, and low radiation, they have
been widely used in various portable information products
such as notebooks, personal digital assistants (PDAs), video
cameras, and the like.

[0003] Referring to FIG. 2, a typical liquid crystal display
device 10 includes a gate driver 13, a data driver 11 and a
liquid crystal panel 15. The liquid crystal panel 15 includes a
plurality of gate lines 151 (including G1, G2, . . ., G2n), a
plurality of data lines 153, and a plurality of pixels 150.
[0004] Thedatadriver 11 provides data signals to the pixels
150 via the data lines 153 when the TFTs 155 are turned on.
The gate driver 13 provides scanning voltages to the gate lines
151 to switch the TFTs 155 on and off. Each output terminal
(not shown) of the gate driver 13 can drive only one of the gate
lines 151. As a size of the LCD device 10 increases, then more
of the gate drivers 13 are required, thus increasing an expen-
diture of the LCD device 10.

[0005] Whatis needed, therefore, is an LCD device that can
overcome the above-described deficiencies.

SUMMARY

[0006] In an exemplary embodiment, a liquid crystal dis-
play (LCD) device includes a liquid crystal panel, a gate
driver, gate lines, a data driver, and a scanning controlling
circuit. The gate driver is configured for providing scanning
signals to the gate lines. The scanning controlling circuit is
connected between the gate driver and the gate lines and
controls the gate driver to scan the odd-row gate lines in a first
half-frame time, and scan the even-row gate lines in a second
half-frame time.

[0007] Other novel features and advantages of the present
LCD device will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings. In the drawings, all the views are
schematic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an abbreviated circuit diagram of one
embodiment of an LCD device of the present disclosure.
[0009] FIG. 2 is an abbreviated circuit diagram of a con-
ventional LCD device.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0010] Reference will now be made to the drawing figures
to describe various inventive embodiments of the present
disclosure in detail.

[0011] Referring to FIG. 1, an LCD device 20 includes a
gate driver 23, a data driver 21, a liquid crystal panel 25, and
a scanning controlling circuit 27. The liquid crystal panel 25
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includes a plurality of gate lines 251 (including G1, G2, . . .,
G2n), aplurality of data lines 253, and plurality of pixels 250.
In one embodiment, the plurality of gate lines 251 may be
substantially parallel to one another, and the plurality of data
lines 253 may also be substantially parallel to one another. An
intersection of an area between two of the plurality of gate
lines 251 and an area between two of the plurality of data lines
253 may define a minimum area for each of the plurality of
pixels 250.

[0012] Each of the pixels 250 comprises a thin film transis-
tor (TFT) 255 disposed in a vicinity between an two of the
intersecting gate lines 251 and data lines 253. Furthermore,
each of the pixels 250 comprises a liquid crystal capacitor
257. A source electrode of the TEFT 255 is connected to the
data line 253, a gate electrode of the TFT 255 is connected to
the gate line 251, and a drain electrode of the TFT 255 is
connected to one electrode of the liquid crystal capacitor 257.
[0013] The gate driver 23 includes a plurality of scanning
voltage output terminals Gla, G2a, . . ., Gn-1a, Gna, an
odd-row scanning controlling terminal 231, and an even-row
scanning controlling terminal 232. The gate driver 23 pro-
vides scanning voltages to the gate lines 251 to control
switching of the TFTs 255 via the scanning controlling circuit
27. The data driver 21 provides data signals to the pixels 250
via the data lines 253 when the TFTs 255 are turned on. The
data signals are interlace signals in that order D1, D3, . . .,
D2r-1, D2, D4, D2n.

[0014] The scanning controlling circuit 27 includes a plu-
rality of scanning controlling units 270. Each of the scanning
controlling units 270 includes a first TFT 271, a second TFT
272, a third TFT 273, and a fourth TFT 274.

[0015] A source electrode 2712 of the first TFT 271 is
connected to the scanning voltage output terminal Gla of the
gate driver 23, a drain electrode 2713 of the first TFT 271 is
connected to the gate line G1, and a gate electrode 2711 of the
first TFT 271 is connected to the odd-row scanning control-
ling terminal 231.

[0016] A source electrode 2722 of the second TFT 272 is
connected to the odd-row scanning controlling terminal 231,
adrain electrode 2723 of the second TFT 272 is connected to
the gate line G1, and a gate electrode 2721 of the second TFT
272 is connected to the even-row scanning controlling termi-
nal 232.

[0017] A source electrode 2732 of the third TFT 273 is
connected to the scanning voltage output terminals Gla of the
gate driver 23, a drain electrode 2733 of the third TFT 273 is
connected to the gate line G2, and a gate electrode 2731 of the
third TFT 273 is connected to the even-row scanning control-
ling terminal 232.

[0018] A source electrode 2742 of the fourth TFT 274 is
connected to the even-row scanning controlling terminal 232,
a drain electrode 2743 of the fourth TFT 274 is connected to
the gate line G2, and a gate electrode 2741 of the fourth TFT
274 is connected to the odd-row scanning controlling termi-
nal 231.

[0019] Theodd-row scanning controlling terminal 231 may
provide a high voltage (e.g. 20 V (volts)), and the even-row
scanning controlling terminal 232 may provide a low voltage
(e.g. -10'V) to the scanning control circuit 27. In one particu-
lar embodiment, the high and low voltages provided by the
odd-row scanning terminal 231 and the even-row scanning
terminal 232, respectively, may turn on the first TFT 271 and
the fourth TFT 274 and turn off the second TFT 272 and the
third TFT 273 of the scanning control circuit 27. Because the
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fourth TFT 274 is turned on, the low voltage provided by the
even-row scanning controlling terminal 232 is supplied to the
gate line G2 via the fourth TFT 274 to turn off all the TFTs
255 connected to the gate line G2. Thus, when the scanning
voltage output terminal Gla outputs a scanning voltage, the
scanning voltage is supplied to the gate line G1, via the first
TFT 271, to turn on all the TFT's 255 connected to the gate line
G1. However, the gate line G2 is not scanned.

[0020] Theodd-row scanning controlling terminal 231 may
provide alow voltage (e.g. —10V), and the even-row scanning
controlling terminal 232 may provide a high voltage (e.g. 20
V) to the scanning control circuit 27. In one particular
embodiment, the low and high voltages provided by the odd-
row scanning control terminal 231 and the even-row scanning
controlling terminal, respectively, may turn on the second
TFT 272 and the third TFT 273, and turn off the first TFT 271
and the fourth TFT 274. Because the second TFT 272 is
turned on, the low voltage provided by the odd-row scanning
controlling terminal 231 is supplied to the gate line G1 via the
second TFT 272 to turn off all the TF'Ts 255 connected to the
gateline G1. Thus, when the scanning voltage output terminal
Gla of the gate driver 23 outputs a scanning voltage, the
scanning voltage is supplied to the gate line G2 via the third
TFT 273 to turn on all the TFT's 255 connected to the gate line
G2.However, the gate line G1 is not scanned. Hence, the gate
lines G1 and G2 are selected to be scanned respectively in a
first half-frame time and a successive second half-frame time
of one frame time by the scanning controlling unit 270. That
is, one scanning voltage output terminal Gla corresponds to
and controls two gate lines G1 and G2 when applying the
scanning controlling unit 270.

[0021] Itmay be understood that a similar principle may be
applied to other scanning lines of the gate driver 23. For
example, the scanning voltage output terminal G2a may cor-
respond to two of the gate lines G3 and G4 such that the gate
lines G3 and G4 may be scanned via another scanning con-
trolling unit such as the scanning control circuit 270. In
another example, a similar principle may be applied to a gate
driver with “n” number of scanning controlling lines. In one
particular example, the scanning voltage output terminal Gna
may cortespond to two gate lines G2»-1 and G2#. Therefore,
only n number of scanning voltage output terminals Gla,
G2a, ...,Gn-1a, Gnaare needed to control the scanning of 2»
gate lines G1 G2, .. ., G2r-1, G2r by employing the scanning
controlling circuit 27. During the first half-frame time, the
odd-row gate lines G1,G3, . . ., G2x-1 are scanned, and data
signals are applied to corresponding pixels 250 sequentially.
During the second half-frame time, the even-row gate lines
G2,G4, . .., G2n are scanned, and data signals are applied to
corresponding pixels 250 sequentially.

[0022] A method of driving the LCD device 20 is described
in detail as follows. During the a half-frame time, the odd-row
scanning controlling terminal 231 outputs a high voltage Vigh,
which can be 15V or 20V, for example, and the even-row
scanning controlling terminal 232 outputs a low voltage Vgl,
which can be -10V, for example. In this example, the firstand
fourth TFTs 271, 274 of each scanning controlling unit 270
are turned on, and the second and third TFTs 272, 273 of each
scanning controlling unit 270 are turned off. Thus, the low
voltage Vgl is applied to the even-row gate lines G2, G4, . ..
, G2n-2, G2r to make all the TFTs 255 connected thereto
turned off during the first half-frame time.

[0023] In one embodiment, the scanning voltage output
terminals Gla, G2aq, . . ., Gn-1q¢, Gna of the gate driver 23
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may output scanning voltages in a sequential manner. The
outputted scanning voltages may then be applied in a sequen-
tial manner to the odd-row gate lines G1, G3. . .., G2r-1 via
the first TFT 271 of each scanning controlling unit 270 to turn
on all the TFTs 255 connected to each of the corresponding
gate lines 251. The data driver 21 provides interlace data
signals, D1, D3, .. ., D2r-1, in a sequential manner, to the
corresponding odd-row pixels 250. For example, when the
gate line G1 is scanned, the data driver 21 provides the data
signal D1 to the pixels 250 connected to the gate line G1.
When the gate line G3 is scanned, the data driver 21 provides
data signal D3 to the pixels 250 connected to the gate line G3.
When the gate line G2»-1 is scanned, the data driver 21
provides data signal D2#»-1 to the pixels 250 connected to the
gate line G2xn-1.

[0024] During a second half-frame time, the odd-row scan-
ning controlling terminal 231 outputs the low voltage Vgl,
and the even-row scanning controlling terminal 232 outputs
the high voltage Vgh. In this example, the first and fourth
TFTs 271, 274 of each scanning controlling unit 270 are
turned off, and the second and third TFTs 272, 273 of each
scanning controlling unit 270 are turned on. Thus, the low
voltage Vgl is applied to the odd-row gate lines G1, G3, . . .,
G2r-1 to turn off all the TFTs 255 connected thereto during
the second half-frame time.

[0025] Accordingly, during the second half-frame time, the
scanning voltages are applied to the even-row gate lines G2,
G4, ...,G2nviathe third TFT 273 to turn on all the TFT's 255
connected to each of the corresponding gate lines 251. The
data driver 21 provides interlace data signals D2, D4, ..., D2r
in a sequential manner to the corresponding even-row pixels
250. For example, when the gate line G2 is scanned, the data
driver 21 provides the data signal D2 to the pixels 250 con-
nected to the gate line G2. When the gate line G4 is scanned,
the data driver 21 provides the data signal D4 to the pixels 250
connected to the gate line G4. When the gate line G2# is
scanned, the data driver 21 provides the data signal D2 to the
pixels 250 connected to the gate line G2r, and so on. During
a next frame time, operations are repeated according to a
similar principle.

[0026] As described above, the LCD device 20 operates in
an interlaced scanning method to display frame images. Each
one of the scanning voltage output terminals Gla, G2q, . . .,
Gn-1a, Gna can drive two gate lines 251 by employing the
scanning controlling circuit 27. Thus, the number of gate
drivers 21 required for the LCD 20 decreases by half. Accord-
ingly, a cost to manufacture the LCD device 20 decreases as
well.

[0027] Tt is to be understood, however, that even though
numerous characteristics and advantages of certain inventive
embodiments of the present disclosure have been set out in
the foregoing description, together with details of the struc-
tures and functions of the embodiments, the disclosure is
illustrative only, and changes may be made in detail, espe-
cially in matters of shape, size, and arrangement of parts
within the principles of the invention to the full extent indi-
cated by the broad general meaning of the terms in which the
appended claims are expressed.

What is claimed is:

1. A liquid crystal display (LCD) device, comprising;

a liquid crystal panel comprising a plurality of gate lines;
and
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a gate driver configured for providing scanning signals to
the gate lines, wherein the gate driver has an odd-row
gate line and an even-row gate line; and

a scanning controlling circuit connected between the gate
driver and the plurality of gate lines, the scanning con-
trolling circuit configured for controlling the gate driver
to scan the odd-row gate line in a first half-frame time,
and scan the even-row gate line in a successive second
half-frame time.

2. The LCD device of claim 1, wherein the gate driver
comprises a plurality of scanning signal output terminals, an
odd-row scanning controlling terminal, and an even-row
scanning controlling terminal, wherein the scanning signal
output terminals are configured for providing scanning sig-
nals to the gate lines via the scanning controlling circuit,
wherein the odd-row scanning controlling terminal and the
even-row scanning controlling terminal control the scanning
controlling circuit in order to select one of the even-row gate
line and one of the odd-row gate line being scanned.

3. The LCD device of claim 2, wherein the odd-row scan-
ning controlling terminal outputs a high voltage and the even-
row scanning controlling terminal outputs a low voltage, in
order to select the odd-row gate lines being scanned.

4. The LCD device of claim 2, wherein the odd-row scan-
ning controlling terminal outputs a low voltage and the even-
row scanning controlling terminal outputs a high voltage, in
order to select the even-row gate line being scanned.

5. The LCD device of claim 2, wherein the scanning con-
trolling circuit comprises a plurality of scanning controlling
units, each scanning controlling unit comprises a first, a sec-
ond, a third, and a fourth thin film transistor (TFTs), wherein
asource electrode of the first and the third TFTs is connected
to a same scanning signal output terminal, wherein a drain
electrode of the first and the third TFTs is connected to two
adjacent gate lines respectively, a drain electrode of the sec-
ond TFT being connected to the drain electrode of the first
TFT, a drain electrode of the fourth TEFT being connected to
the drain electrode of the third TFT, a gate electrode of the first
and the fourth TETs and a source electrode of the second TFT
being connected to the odd-row scanning controlling termi-
nal, and a gate electrode of the second and the third TFTs and
a source electrode of the fourth TFT being connected to the
even-row scanning controlling terminal.

6. The LCD device of claim 5, wherein the drain electrode
of the first TFT is connected to the odd-row gate line, and the
drain electrode of the third TFT is connected to the even-row
gate line.

7. The LCD device of claim 6, wherein a frame time com-
prises the first half-frame time and the successive second
half-frame time, wherein the first and the fourth TFTs are
turned on during the first half-frame time, and wherein the
second and the third TFTs are turned off during the first
half-frame time.
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8. The LCD device of claim 7, wherein the even-row scan-
ning controlling terminal provides a low voltage to the even-
row gate line via the fourth TFT to turn off the TFTs con-
nected thereto.
9. The LCD device of claim 8, wherein the first and the
fourth TFTs are turned off, and the second and the third TFTs
are turned on during the successive second half-frame time.
10. The LCD device of claim 9, wherein the odd-row
scanning controlling terminal provides a low voltage to the
odd-row gate line via the first TFT to turn off the TFTs
connected thereto.
11. The LCD device of claim 3, wherein the low voltage is
-10 volts, and the high voltage is a selected one of 15 volts or
20 volts.
12. A method for driving an LCD device, wherein the LCD
device comprises a gate driver and a scanning controlling
circuit comprising thin-film transistors (TFTs), wherein the
TFTs are arranged such that a first and a fourth TFT are
connected via an odd-row gate line of the gate driver and a
second and a third TFT are connected via an even-row gate
line of the gate driver, and wherein a scanning voltage signal
can be sent from the gate driver to drive the LCD, the method
comprising:
outputting the scanning voltage signal, via the odd-row
gate line, during a first half-frame time of the LCD
device, to the scanning-controlling circuit in order to
sequentially turn on the first and the fourth TFTs; and

outputting the scanning voltage signal, via the even-row
gate line, during a successive second half-frame time of
the LCD device, to the scanning controlling circuit in
order to sequentially turn on the second and the third
TFTs.

13. The method of claim 12, further comprising applying a
low voltage to the even-row gate line to turn off the second
TFT and the third TFT connected thereto, and outputting, via
the gate driver, the scanning voltage signal to the odd-row
gate line via the first TFT.

14. The method of claim 13, wherein the gate driver com-
prises an odd-row scanning terminal connected to the odd-
row gate line and an even-row scanning terminal connected to
the even-row gate line, and the method further comprises
outputting a low voltage signal by the odd-row scanning
terminal and outputting a high voltage by the even-row scan-
ning terminal to turn off the first and the fourth TFTs and turn
on the second and the third TFTs.

15. The method of claim 14, further comprising applying a
low voltage to the odd-row gate line in order to turn off the
first TFT and the fourth TFT connected thereto, and output-
ting the scanning voltage signal, via the gate driver, to the
even-row gate line via the third TFT.

16. The method of claim 12, wherein data signals provided
to the LCD device are interlaced data signals.
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