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FIG. 1 (Related Art)
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FIG. 2 (Related Art)
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FIG. 3 (Related Art)
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

CROSS-REFERENCE TO A RELATED
APPLICATION

This application is a divisional application of U.S. appli-
cation Ser. No. 11/646,248 filed Dec. 28, 2006 now U.S. Pat.
No. 7,750,883 which claims the benefit of Korean Patent
Application No. 10-2006-0055800, filed on Jun. 21, 2006, in
the Korean Intellectual Property Office, the disclosures each
of which are incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly to aliquid crystal display device
and corresponding driving method for displaying an image on
only a part of a panel.

2. Discussion of Related Art

Various flat panel display devices such as a Liquid Crystal
Display device (LCD), a Plasma Display Panel (PDP), and an
Electro Luminescent Display Device (ELD) are currently
being used in as display devices in different types of device.
The LCD device is most widely used as a portable image
display device due to its excellent image quality, its light
weight, its slimness, and its low power consumption. Further,
the LCD device is being used as a television monitor, a note-
book computer, etc.

Recently, so as to reduce the cost of manufacturing the
LCD device, a gate-on-glass (GOG) type LCD has been pro-
posed. The GOG type LCD includes a liquid crystal panel on
which a gate driver is mounted. Further, in the GOG type
LCD, the gate driver is manufactured simultaneously with the
liquid crystal panel. In addition, the GOG type LCD may
include a liquid crystal panel on which a data driver is
mounted. The GOG type LCD will be now described with
reference to FIG. 1.

As shown in FIG. 1, a related art GOG type LCD includes
a liquid crystal panel 2 on which an image is displayed. The
liquid crystal panel 2 includes a display region 22 and a gate
driver 4. The gate driver 4 is disposed at an edge (left edge) of
one side of the display region 22 and is adjacent to the display
region 22.

In addition, the display region 22 of the liquid crystal panel
2 includes thin film transistors TFT, which are respectively
formed at pixel regions divided by a plurality gate and data
lines (not shown). Also, each thin film transistor is electrically
connected to a corresponding data line and gate line. Further,
the gate driver 4 is electrically connected to respective gate
lines on the display region 22.

The GOG type LCD of FIG. 1 also includes a printed
circuit board 12 connected to the liquid crystal panel 2
through tape carrier packages (TCPs) 7A-7C. In addition,
corresponding data driver integrated circuit (IC) chips 6 A-6C
are mounted on the TCPs 7A-7C. The data driver IC chips
6A-6C division-drive a plurality of data lines on the liquid
crystal panel 2.

To do this, the data driver IC chips 6A-6C are electrically
connected to parts of a plurality of data lines on the liquid
crystal panel 2 by corresponding TCPs 7A-7C, respectively.
As shown, a timing controller 8 is mounted on the printed
circuit board 12 and controls the gate driver 4 and the data
driver IC chips 6A-6C. To do this, the timing controller 8 is
electrically to the data driver IC chips 6A-6C and the gate
driver 4 via one of the TCPs 7A-7C.
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2

Next, as shown in FIG. 2, the gate driver 4 includes a
plurality of shift register stages S/R1-S/Rn, which are depen-
dently coupled to each other. The same number of gate lines
is present at the liquid crystal panel 2 corresponding to the
number of shift register stages S/R1-S/Rn. Further, an output
signal generated from each of the shift register stages S/R1-
S/Rn is supplied to an input terminal of a next shift register
stage to drive it. Also, an output signal generated from each of
the shift register stages S/R1-S/Rn is supplied to a corre-
sponding gate line.

As shown in FIG. 3, the output signals of the shift register
stages S/R1-S/Rn exclusively include enable signals, which
are sequentially delayed. Further, a gate start pulse GSP is
input to an input terminal of the first shift register state S/R1
among the shift register stages S/R1-S/Rn, which are depen-
dently connected to each other. In addition, a shifting opera-
tion of the shift register stages S/R1-S/Rn is performed
according to the gate start pulse GSP. The gate start pulse GSP
is synchronous with a vertical synchronous signal and has a
width corresponding to a time period of a horizontal synchro-
nous signal.

Moreover, one of two clocks C1 and C2 is input to the shift
register stages S/R1-S/Rn. In addition, the first clock C1 is
input to odd-numbered shift register stages S/R1, S/R3, .. .,
S/Rn-1, whereas the second clock C2 is input to even-num-
bered shift register stages S/R2, S/R4, . . ., S/Rn. Further, the
two clocks C1 and C2 have an inverse phase to each other.
Also, at least 3 clocks (for example, 3 or 4 clocks) are input to
the shift register stages S/R1-S/Rn in common, or a part of 3
clocks can be selective supplied thereto. In this instance, the
at least 3 clocks have a phase, which is sequentially delayed.

Further, the shift register stages S/R1-S/Rn latch a gate
start pulse GSP supplied to an input terminal or an output
signal of a previous shift register stage inresponse to the input
clock C1 or C2. Through a latch operation of the shift register
stages S/R1-S/Rn, as shown in FIG. 3, sequentially shifted
gate signals GL1 through GLn are correspondingly supplied
to a plurality of gate lines on the liquid crystal panel 2.

Also, the gate signals GL1-GLn from the shift register
stages S/R1-S/Rn sequentially enable the plurality of gate
lines on the liquid crystal panel 2 to sequentially turn on the
thin film transistors line by line. Accordingly, data voltages on
the plurality of data lines are sequentially supplied to pixels
on the liquid crystal panel 2 line by line to display an image.

Inaddition, in the LCD device, the image is often displayed
at a part of the display region 22 of the liquid crystal panel 2.
For example, the image can be display at a center of the
display region 22. In this instance, the GOG type LCD pet-
forms a complex control operation for the gate driver 4, the
data driver IC chips 6A-6C, and the timing controller 8§ to
write a data voltage of a black level in the non-image section
of the display region 22. Thus, the GOG type LCD unneces-
sarily increases the power consumption.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an LCD
device that substantially obviates one or more ofthe problems
due to limitations and disadvantages of the related art, and a
method for driving the same.

Another an object of the present invention is to provide an
LCD device and corresponding driving method that easily
displays an image on a part of a screen.

Yet another object of the present invention is to provide an
LCD device and corresponding driving method that easily
displays an image on a part of a screen without unnecessary
power consumption.
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To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, the present invention provides in
one aspect a liquid crystal display device including a liquid
crystal panel, a gate driver configured to supply gate signals to
gate lines on the liquid crystal panel, a data driver configured
to supply data voltages to data lines on the liquid crystal
panel, and a partial controller configured to control the gate
driver to intercept a part of the gate signals to be supplied to
the gate lines.

In another aspect, the present invention provides a liquid
crystal display device including a liquid crystal panel, a gate
driver configured to supply gate signals to gate lines on the
liquid crystal panel, a data driver configured to supply data
voltages to data lines on the liquid crystal panel, a timing
controller configured to control driving timings of the gate
driver and the data driver, and to supply a pixel data stream to
the data driver, and a partial controller configured to control
the gate driver to intercept a part of the gate signals to be
supplied to the gate lines.

In yet another aspect, the present invention provides a
method for driving a liquid crystal display device including a
gate driver for supplying gate signals to gate lines on a liquid
crystal panel, and a data driver for supplying data voltages to
data lines on the liquid crystal panel. The method includes
controlling the gate driver to intercept a part of the gate
signals to be supplied to the gate 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 illustration only,
since various changes and modifications within the spirit and
scopeofthe invention will become apparent to those skilled in
the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention.

FIG. 1 is a block diagram illustrating a related LCD;

FIG. 2 is a block diagram illustrating a gate driver shown in
FIG. 1;

FIG. 3 is a timing diagram illustrating an output signal of
the gate driver shown in FIG. 1;

FIG. 4 is a block diagram illustrating an LCD according to
an embodiment of the present invention;

FIG. 5is a block diagram illustrating a gate driver shown in
FIG. 4; and

FIG. 6 is a block diagram illustrating a first shift register
shown in FIG. 5 in detail.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments according to the
present invention will be described with reference to the
accompanying drawings.

Turning first to FIG. 4, which is a block diagram illustrat-
ing an LCD according to an embodiment of the present inven-
tion. As shown, the LCD includes a printed circuit board 112
connected to a liquid crystal panel 102 through TCPs 107A-
107C. Further, the liquid crystal panel 102 includes a display
region 122 and a gate driver 104. Animage is displayed onthe
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display region 122, and the gate driver 4 is disposed at an edge
(namely. the left edge) of one side of the display region 122
and is adjacent to the display region 122. In addition, a plu-
rality of gate and data lines (not shown) are formed to inter-
sect each other in the display region 122.

Thin film transistors TFTs are also formed at pixel regions
divided by the plurality of gate and data lines. In addition, the
thin film transistors TFTs are electrically connected to corre-
sponding gate lines and data lines, respectively. Also, a data
voltage on the corresponding data line is selectively written to
a corresponding pixel in response to a gate signal on a corre-
sponding gate line. Further, the gate lines on the display
region 122 extend to a left edge of the liquid crystal panel 102
to be electrically connected to the gate driver 104.

In addition, data driver IC chips 106 A-106C are mounted
on the TCPs 107A-107C, respectively, and division-drive the
data lines on the liquid crystal panel 102. Further, the TCPs
107A-107C electrically connect the mounted data driver IC
chips 106 A-106C to the printed circuit board 112 and the data
lines on the liquid crystal panel 102, and electrically connect
the printed circuit board 112 to the liquid crystal panel 102. To
do this, the TCPs 107A-107C each include a flexible insula-
tion film on which a wiring pattern is formed.

In addition, the printed circuit board 112 includes a timing
controller 108, which controls the gate driver 104 and the data
driver IC chips 106A-106C. The timing controller 108 is
electrically connected to the gate driver 104 and the data
driver IC chips 106A-106C through the TCPs 107A-107C,
and supplies the gate control signals GCS to the gate driver
104.

The gate control signal GCS includes at least one clock
CLK and a gate start pulse GSP. Also, the at least one clock
CLK has the same time period as or at least twice of that of a
horizontal synchronous signal. In addition, the gate start
pulse GSP is generated once every time period of a vertical
synchronous signal, and data control signals DCS and a pixel
data stream VDs are supplied to the data driver 1C chips
106A-106C. Further, the pixel data stream VDs are serially
provided to the data driver IC chips 106A-106C to classify
pixel data one line by one line.

The LCD in FIG. 4 also includes a partial controller 110
mounted on the printed circuit board 112 to control an image
to be displayed on only a part of the display region 122 of the
liquid crystal panel 102. In more detail, the partial controller
110 provides a vertical window control signal VWS to the
gate driver 104 positioned at an edge of the liquid crystal
panel 102 through one (namely, the first TCP 107A) among
the TCPs 107A-107C.

Here, the vertical window control signal VWS controls an
output time period of the gate driver 104. In addition, the
vertical window control signal VWS has a vertical window
pulse of a low logic for designating an output limit period of
a gate signal during a time period of a vertical synchronous
signal (a time period when a piece of an image is displayed).

In response to the vertical window control signals VWS,
the gate driver 104 makes gate signals enabled during a time
period of a vertical window pulse among gate signals to be
supplied to the plurality of gate lines not to be provided to
corresponding gate lines. On the contrary. gate signals gen-
erated by the gate driver 104 during an enable time period of
a specific logic (for example, high logic) among the vertical
window control signals VWS are provided to corresponding
gate lines.

Thus, only a part of the plurality of gate lines on the display
region 122 is driven once every vertical synchronous time
period, and a remainder thereofis not driven. Accordingly, an
image is displayed on only the part of the display region 122.
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Further, a width and a position of a vertical window pulse
included in the vertical window control signals VWS can be
changed based on a user’s selection or a logic value of a
window data set by an image program. Also, the window data
is provided to the partial controller 110 from the timing con-
troller 108 or an external system (not shown), for example, a
graphic card of a computer system or an image demodulation
module of a television receiver.

In other words, the partial controller 110 generates a ver-
tical window control signal VWS, which has a vertical win-
dow pulse with a width and a phase corresponding to a logic
value of a window data from the timing controller 108 or the
external system, and provides the vertical window control
signal VWS to the gate driver 104 on the liquid crystal panel
102 through the first TCP 107A. Accordingly, the gate driver
104 supplies the gate signals to parts of the gate lines but not
to the other parts.

Consequently, a vertical width of the display region 122 is
reduced. Thus, the image is displayed on a center part, an
upper part, and a lower part of the display region 122. In
addition, because parts of the gate lines on the liquid crystal
panel corresponding to a time period of the vertical window
pulse are not driven, an unnecessary power is not consumed
during a local display. Further, during a vertical period of the
display region 122 corresponding to the vertical window
pulse, a degraded image or noise components can be dis-
played.

In addition, in another embodiment, the vertical window
control signal VWS generated by the partial controller 110
may also be provided to the timing controller 108. In this
instance, a frame delay section 110A is further provided
between the partial controller 110 and the gate driver 104. In
more detail, the frame delay section 110A delays the vertical
window control signal VWS to be supplied to the gate driver
104 from the partial controller 110 by a time period of one
frame (namely, one vertical synchronous signal).

Thus, because of the frame delay section 110A, the vertical
window period of the display region on the liquid crystal
panel is initialized during a first frame (namely, the time
period of a first vertical synchronous signal), in which a local
display starts. During an initialization period of the vertical
window period (that is, the time period of a vertical synchro-
nous signal in which a first vertical window pulse is gener-
ated), the timing controller 108 supplies pixel data of a black
level and video information to the data driver IC chips 106 A-
106C.

Further, the pixel data of black level is supplied to the data
driver IC chips 106A-106C from the timing controller 108
during time periods of horizontal synchronous signals
included in a time period of a vertical window pulse of the
vertical window control signal VWS. In addition, the pixel
data of video information supplied to the data driver IC chips
106A-106C from the timing controller 108 during time peri-
ods of remaining horizontal synchronous signals included in
an enable time period (namely, the specific logic period) of
the vertical window control signal VWS.

Accordingly, black is displayed during a partial vertical
period corresponding to a width of a vertical window pulse of
the display region 122 on the liquid crystal panel 102,
whereas a video image is displayed during a remaining period
corresponding to an enable period of the vertical window
control signal VWS. Further, during a time period (namely,
the local display period) of frames (namely, the vertical syn-
chronous signals), in which a vertical window pulse is
included in the vertical window control signal DVWS
delayed after an initialization of the vertical window period,
the timing controller 108 supplies the pixel data correspond-
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6

ing to the video information to the data driver IC chips 106 A-
106C only an enable time period of the vertical window
control signal VWS.

Also, the timing controller 108 does not drive the data
driver IC chips 106 A-106C not to supply the pixel data to the
data driver IC chips 106A-106C during a time period of a
vertical window pulse. In other words, the timing controller
108 does not update the pixel data of the black level of a
vertical period corresponding to a time period of a vertical
window pulse of the display region 122, but updates only the
pixel data of the video information of a remaining period
corresponding to an enable period of the vertical window
control signal VWS of the display region 122.

Accordingly, a black image is displayed during a vertical
period corresponding to a time period of a vertical window
pulse of the display region 122. Further, video information is
displayed during a remaining period corresponding to an
enable period of the vertical window control signal VWS of
the display region 122. On the other hand, the gate driver 104
provides only gate signals generated during an enable period
of a specific logic among a displayed vertical window control
signal VWS to corresponding gate lines.

In other words, the gate driver 104 makes the gate signals
enabled during a time period of a vertical window pulse
among the gate signals to be supplied to a plurality of gate
lines not to be supplied to corresponding gate lines. Accord-
ingly, partial gate lines among a plurality of gate lines on the
display region 122 corresponding to a vertical window period
are not driven, whereas only the remaining gate lines corre-
sponding to an enable period of a delayed vertical window
control signal DVWS are driven once every vertical synchro-
nous period.

Because the data driver IC chips 106A-106C are periodi-
cally notdriven and partial gate lines are not driven, the power
consumption is gradually reduced during a local display
period. Further, the partial controller 110 may generate and
provide a horizontal window control signal HWS to the tim-
ing controller 108. That is, the horizontal window control
signal HWS supplied to the timing controller 108 has a hori-
zontal window pulse of a low logic to designate an output
limit period of a pixel data during a time period of a horizontal
synchronous signal (a time period in which a pixel of one line
is written to a display region 122 of the liquid crystal panel
102).

In response to the horizontal window control signal HWS,
the timing controller 108 supplies a pixel data of one line
including a pixel data of black level and a pixel data of video
information every horizontal synchronous signal period. Fur-
ther, the pixel data of the black level is supplied to the data
driver IC chips 106A-106C from the timing controller 108
during a time period (namely, the low logic period) of a
horizontal window pulse of the horizontal window control
signal HWS.

In addition, the pixel data of video information is supplied
to the data driver IC chips 106 A-106C from the timing con-
troller 108 during an enable time period (namely, the specific
logic period) of the horizontal window control signal HWS. A
pixel data stream of one line including the pixel data of the
black level and the pixel data of the video information can be
output during only an enable period of the vertical window
control signal VWS.

Further, a black image is displayed during a partial hori-
zontal period corresponding to a width of a horizontal win-
dow pulse of the display region 122, whereas a video image is
displayed during a remaining horizontal period correspond-
ing to an enable period of the horizontal window control
signal HWS. Accordingly, the image can be locally displayed
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atonly oneof an upper left part, an upper center part, an upper
right part, a lower left part, a lower center part, a lower right
part, a left part, a center part, and a right part of a center
between upper and lower ends in the display region 122.

Next, FIG. 5 is a block diagram illustrating in detail the
gate driver 104 shown in FIG. 4. As shown, the gate driver 104
includes a plurality of shift register stages S/R1-S/R5 and a
plurality of output switch sections 104 A-104E. The plurality
of shift register stages S/R1-S/R5 are independently coupled
to an input line of a gate start pulse GSP.

Further, the plurality of output switch sections 104 A-104E
are coupled to the shift register stages S/R1-S/R5. One of first
and second clocks CLK1 and CLK2 is input to the shift
register stages S/R1 through S/RS, and the first and second
clocks CLK1 and CLK2 are alternately input to the shift
register stages S/R1-S/RS. In other words, the first clock
CLK1 is input to odd-numbered shift register stages S/R1,
S/R3, and S/RS, whereas the second clock CLK2 is input to
even-numbered shift register stages S/R2 and S/R4.

In addition, the first and second clocks CLK1 and CLK2
have inverse phases to each other and a frequency (time
period of twice) of a half of a horizontal synchronous signal.
Also, the shift register stages S/R1-S/R5 latch a gate start
pulse GSP or a gate signal (one of Vgl through Vg5) from a
previous shift register state (one of S/R1-S/R4) in response to
the first or second clock CLK1 and CLK2, and generate gate
signals Vg1-Vg5 to be supplied to corresponding gate lines
GL1-GLS.

A first shift register stage S/R1 latches a gate start pulse
GSP in response to the first clock CLK1, and generates a first
gate signal Vgl. Further, the first gate signal Vg1 is provided
to a first output switch section 104A and a second shift reg-
ister state S/R2. A second shift register stage S/R2 latches the
first gate signal Vg1 from the first shift register S/R1 being a
previous stage in response to the second clock CLK2, and
generates a second gate signal Vg2.

In addition, the second gate signal Vg2 is provided to a
second output switch section 104B and a third shift register
state S/R3 being a next stage. Also, a third shift register stage
S/R3 latches the second gate signal Vg2 from the second shift
register S/R2 being a previous stage in response to the first
clock CLK1, and generates a third gate signal Vg3. The third
gate signal Vg3 is provided to a third output switch section
104C and a fourth shift register state S/R4 being a next stage.

In the same manner, the fourth and fifth shift register stages
S/R4 and S/RS latch the third and fourth gate signals Vg3 and
Vg4 from the third and fourth shift registers S/R3 and S/R4
being previous stages in response to the first and second
clocks CLK1 and CLK2, respectively, and generate fourth
and fifth gate signals Vg4 and Vg5. In addition, the gate
signals Vg1-Vg5 generated by the shift register stages S/R1-
S/RS are sequentially enabled in a specific logic (for example,
the high logic) by a time period of one horizontal synchronous
signal.

Further, the plurality of output switch sections 104A-104E
are electrically connected to the plurality of gate lines GL1-
GLS5 on the display region 122 of the liquid crystal panel 102.
In addition, the plurality of output switch sections 104A-
104E receive the vertical window control signal VWS from
the partial controller 110 shown in FIG. 4 or the delayed
vertical window control signal DVWS from the delay section
110A in common.

In response to the vertical window control signal VWS or
the delayed vertical window control signal DVWS, the plu-
rality of output switch sections 104A-104E switch gate sig-
nals Vg1-Vg5 to be supplied to the gate lines GL1-GL5 form
the shift register stages S/R1-S/R5. In addition, during a time
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period (of the low logic) of a vertical window pulse of the
vertical window control signal VWS or the delayed vertical
window control signal DVWS, the output switch sections
104A-104E intercept corresponding gate signals Vg1-Vg5 to
be supplied to corresponding gate lines GL.1-GL5 from the
shift register stages S/R1 through S/RS5.

In addition, during an enable time period of a specific logic
of the vertical window control signal VWS or the delayed
vertical window control signal DVWS, the output switch
sections 104A-104E provide corresponding gate signals Vg1-
Vg5 from the shift register stages S/R1-S/R5 to correspond-
ing gate lines GL1-GLS.

For example, when a vertical window pulse of a low logic
included in the vertical window control signal VWS or the
delayed vertical window control signal DVWS has time peri-
ods of two initial horizontal synchronous signals among time
periods of the vertical synchronous signal, the first and sec-
ond output switch sections 104A and 104B intercept the first
and second gate signals Vg1 and Vg2 to be supplied to the first
and second gate lines GL1 and GL2 from the first and second
shift register stages S/R1 and S/R2, but provide the third
through fifth gate signals Vg3-Vg5 generated in the third
through fifth shift register stages S/R3-S/R5 to third through
fifth gate lines GL.3-GLS.

In addition, pixels on the first and second gate lines GL.1
and GL2 are not driven, whereas pixels on third through fifth
gate lines GL.3-GL5 are normally driven. As a result, an image
is displayed on only a lower half part of the display region 122
on the liquid crystal panel 102.

Also, when the vertical window pulse of the low logic
included in the vertical window control signal VWS or the
delayed vertical window control signal DVWS has time peri-
ods of two last horizontal synchronous signals among time
periods of the vertical synchronous signal, the fourth and fifth
output switch sections 104D and 104E intercept the fourth
and fifth gate signals Vg4 and Vg5 to be supplied to the fourth
and fifth gate lines GL.4 and GL5 from the fourth and fifth
shift register stages S/R4 and S/RS, but provide the first
through third gate signals Vg1-Vg3 generated in the first
through third shift register stages S/R1-S/R3 to first through
third gate lines GL1-GL3.

Inaddition, pixels on the fourth and fifth gate lines GL.4 and
GLS5 are not driven, whereas pixels on first through third gate
lines GL1-GL3 are normally driven. As a result, an image is
displayed on only an upper half part of the display region 122
on the liquid crystal panel 102.

Thus, because the position and width of a vertical window
pulse of the vertical window control signal VWS or the
delayed vertical window control signal DVWS have a part of
a time period of the vertical synchronous signal, an image is
displayed on one of an upper part, a lower part, and a center
part of the display region 122 on the liquid crystal panel 102.
Further, the plurality of output switch sections 104a-104e for
switching the corresponding gate signals Vgl-Vg5 may
include a control switch, which may be controlled by the
vertical window control signal VWS or the delayed vertical
window control signal DVWS.

In a different way, the plurality of output switch sections
104A-104E may include a buffer, which is selectively driven
by the vertical window control signal VWS or the delayed
vertical window control signal DVWS. In this instance, the
control switch or the buffer is coupled between a correspond-
ing shift register state and a corresponding gate line.

In addition, the present invention has been described with
reference to FIG. 5 in that the gate driver 104 includes first
through fifth shift register stages S/R1-S/RS5 and first through
fifth output switch sections 104A-104E. However, only a part



US 8,928,572 B2

9

of the gate driver is shown in FIG. 5 for convenience of the
description. That is, the number of the shift register stages and
the output switch sections can be increased. Further, although
a 2-phase clock having the first and second clocks CLK1 and
CLK2 are used in the gate driver 104 of FIG. 5, it is possible
to use more than 2 clocks (for example, a 3-phase clock or
4-phase clock).

Turning next to FIG. 6, which is a block diagram illustrat-
ing in detail the first shift register S/R1 shown in FIG. 5. As
shown in FIG. 6, the first shift register stage S/R1 includes
first through seventh transistors TR1-TR7. In more detail, the
first transistor TR1 includes a gate terminal connected to an
input line of a gate start pulse GSP, a source terminal con-
nected to an input line of a first supply voltage Vdd, and a
drain terminal connected to a gate terminal of the third tran-
sistor TR3.

Further, for shift register stages other than the first shift
register stage S/R1, a gate terminal of the first transistor TR1
is connected to an output line of a previous shift register stage.
Also, a gate terminal and a source terminal of a second tran-
sistor TR2 are connected to an input line of a first supply
voltage Vdd, and a drain terminal of the second transistor TR2
and a source terminal of the third transistor TR3 are con-
nected to an inversion node QB.

As described above, the gate terminal of the third transistor
TR3 is connected to the drain terminal of the first transistor
TR1. Further, the third transistor TR3 includes a source ter-
minal connected to the inversion node QB and a drain termi-
nal coupled to drain terminals of the fourth, fifth, and seventh
transistors TR4, TR5, and TR7, and an input line of a second
supply voltage Vss.

In other words, the drain terminal of the second transistor
TR2 and the source terminal are coupled to the inversion node
QB in common. In addition, the fourth transistor TR4
includes a gate terminal connected to the input line of the start
pulse GSP and a source terminal connected to the inversion
node QB. Also, for the remaining shift register stages S/R2-
S/R5 except for the first shift register stage S/R1, the gate
terminal of the fourth transistor TR4 is coupled with input
lines of the gate signals Vg1-Vgd4 from previous shift register
stages S/R1-S/R4.

In addition, the fifth transistor TR5 includes a gate terminal
connected to the inversion node QB and a source terminal
connected to a non-inversion node Q. The source terminal of
the sixth transistor TR6 is coupled with an input line of the
first clock CLK1. Also, for odd-numbered shift register stages
S/R3 and S/RS as well as the first shift register stage S/R1, the
source terminal of the sixth transistor TR6 is coupled with the
input line of the first clock CLK1.

In a different way, in the even-numbered shift register
stages S/R2 and S/R4, the source terminal of the sixth tran-
sistor TR6 is coupled to an input line of the second clock
CLK2. In addition, the drain terminal of the sixth transistor
TR6 is connected to an input terminal of the first output
switch section 104a and an input terminal of the previous shift
register stage S/R2.

Also, the gate terminal of the seventh transistor TR7 is
connected to an inversion node QB. Further, the source ter-
minal of the seventh transistor TR7 is connected to the drain
terminal of the sixth transistor TR6, an input terminal of the
first output switch section 104a, and an input terminal of the
previous shift register stage S/R2.

Anoperation of the first shift register stage S/R1 having the
construction described above will be now described. The first
and clocks CLK1 and CLK2 have inverse phases to each
other. Also, a gate start pulse GSP corresponds to a low logic
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interval of the first clock CLK1 or partially overlaps with a
start part of a high logic interval of the first clock CLK1.

Thus, when a gate start pulse GSP of a high level is gener-
ated, the first and fourth transistors TR1 and TR4 are turned
on. Also, a first supply voltage Vdd of a high level is charged
to the non-inversion node Q through the first transistor TR1
turned-on to increase a voltage on the non-inversion node Q.
When the voltage on the non-inversion node Q is equal to or
greater than a threshold voltage, the sixth transistor TR6
electrically connects the input line of the first clock CLK1 to
a previous shift register stage and an input line of a corre-
sponding output switch section (namely, the first output
switch section 104a).

On the other hand, inresponse to a gate start pulse of a high
logic, the fourth transistor TR4 discharges a voltage charged
on the inversion node QB to an input line direction of the
second supply voltage Vss to reduce the voltage on the inver-
sion node QB. In addition, when the voltage on the non-
inversion node Q is equal to or greater than the threshold
voltage, the third transistor TR3 is turned-on to discharge the
voltage on the inversion node Q to an input line direction of
the second supply voltage Vss.

Accordingly, the voltage on the inversion node QB is rap-
idly reduced by the third and fourth transistors TR3 and TR4.
When the voltage on the inversion node QB is reduced to a
value less than or equal to the threshold voltage, the fifth
transistor TR is turned-off not to discharge the voltage on the
non-inversion node Q.

In response to the voltage on the inversion node QB
reduced to the value less than or equal to the threshold volt-
age, the seventh transistor TR7 is turned-off, so that an input
line of the second supply voltage Vss is electrically isolated
from input terminals of the previous shift register stage S/R2
and the corresponding output switch section 104a.

In addition, a state in which the non-inversion node Q
maintains a voltage equal to or greater than the threshold
voltage and the voltage of the inversion node QB is reduced to
less than or equal to the threshold voltage, is maintained until
the first clock CLK1 changes to a low logic state after it rises
to ahigh logic state although the gate start pulse GSP changes
to a low logic state. Thus, in this state, when the first clock
CLK1 rises to the high logic state, a gate signal Vg1 of a high
level is generated at the input terminals of the next shift
register stage S/R2 and the corresponding output switch sec-
tion 104a.

Further, due to the high level voltage at the input terminals
of the next shift register stage S/R2 and the corresponding
output switch section 1044, a voltage on the non-inversion
node Q is increased to supply a high logic voltage of the first
clock CLK1 to the input terminals of the next shift register
stage S/R2 and the corresponding output switch section 104a
without attenuation. Consequently, a gate signal Vg of a high
level having the same width (time period of a horizontal
synchronous signal) as that of the high logic interval of the
first clock CLK 1is provided to the next shift register stage
S/R2 and the corresponding output switch section 104a.

In addition, when the gate start pulse GSP changes to alow
state, the first and fourth transistors TR1 and TR4 are turned-
off. Accordingly, the first supply Vdd supplied to the non-
inversion node Q is intercepted by the first transistor TR1, but
a discharge path is open from the inversion node QB to an
input line of the second supply voltage Vss through the fourth
transistor TR4. Thus, the voltage at the inversion node QB is
increased by a first supply voltage Vdd supplied through the
second transistor TR2.

When the voltage at the inversion node QB reaches the
threshold voltage, the fifth and seventh transistors TR5 and
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TR7 are turned-on. Further, the voltage of the non-inversion
node Q is charged to an input line direction of the second
supply voltage Vss and is slowly reduced. A second supply
voltage of low level is provided to the input terminals of the
next shift register stage S/R2 and the corresponding output
switch section 104a through the seventh transistor TR7.

When the voltage of the non-inversion node Q is reduced to
a value less than or equal to the threshold voltage, the third
and sixth transistors TR3 and TR6 are turned-off. Due to the
sixth transistor TR6 being turned-off, an input line of the first
clock CLK1 is electrically isolated from the input terminals
of the next shift register stage S/R2 and the corresponding
output switch section 104a. Further, a discharge path formed
from the inversion node QB to an input line of the second
supply Vss through the third transistor TR3 is opened not to
discharge the voltage of the inversion node QB.

Accordingly, the voltage of the non-inversion node Q less
than or equal to the threshold voltage and the voltage of the
inversion node QB equal to or greater than the threshold
voltage are maintained until the gate start pulse GSP of a high
logic is supplied thereto.

In addition, the first shift register stage S/R1 performs the
operation of generating the gate signal once every frame
(every time period of a vertical synchronous signal). More-
over, after the operation of generating the gate signal by the
first shift register S/R1, the remaining shift register stages
S/R2-S/R5 sequentially perform an operation of generating
the gate signal. Accordingly, the plurality of shift register
stages S/R1-S/R5 output sequence-shifted gate signals once
every frame (every a time period of a vertical synchronous
signal).

By this arrangement, the LCD according to an embodiment
of the present invention intercepts parts of gate signals by a
vertical window pulse having a part of a time period of a
vertical synchronous signal not to drive a part of a display
region on a liquid crystal panel. Accordingly, an image can be
displayed on only one of an upper part, a lower part, and a
center part of the display region on the liquid crystal panel.
Further, unnecessary power consumption can be prevented
during a local display operation.

Also, in the LCD according to an embodiment of the
present invention, an operation of a data driver may periodi-
cally stop according to a vertical window pulse. Accordingly,
unnecessary power consumption can be further prevented
during a local display. Furthermore, when the local display
starts, an image can be initialized with black on a part section
ofadisplay region corresponding to a time period ofa vertical
window pulse. Accordingly, the noise in a non-drive interval
among the display region on the liquid crystal panel can be
removed.

Moreover, in the LCD according to an embodiment of the
present invention, because a part of data voltages has a black
level according to a horizontal window pulse having a part of
a time period of a horizontal synchronous signal, an image
may be displayed on only one of a left part, a right part, and a
center part of a display region on the liquid crystal panel.
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In addition, the LCD according to an embodiment of the
present invention can drive a part of gate lines using vertical
and horizontal window pulses, and display a part of the data
voltages to be supplied to pixels on the gate lines driven with
black. Accordingly, the image can be locally displayed on one
of an upper left part, an upper center part, an upper right part,
a lower left part, a lower center part, a lower right part, a left
part, a center part, and a right part of a center between upper
and lower ends in the display region on the liquid crystal
panel.

Although preferred embodiments of the present invention
have been shown and described, it would be appreciated by
those skilled in the art that changes might be made in those
embodiments without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. A method for driving a liquid crystal display device
including a gate driver for supplying gate signals to gate lines
on a liquid crystal panel and a data driver for supplying data
voltage to data lines on the liquid crystal panel, the data driver
being composed of a plurality of data driver integrated circuit
chips respectively mounted on a plurality oftape carrier pack-
ages, the method comprising:

generating, by a partial controller, a vertical window con-

trol signal which controls an output time period of the
gate driver to the gate driver, and providing the vertical
window control signal to a frame delayer;
receiving, by the frame delayer, the vertical window con-
trol signal from the partial controller, and delaying the
vertical window control signal by one frame correspond-
ing to one vertical synchronous signal prior to providing
the vertical window control signal to the gate driver;

providing the vertical window control signal to the gate
driver through one among the plurality of tape carrier
packages;

controlling the gate driver to intercept a part of the gate

signals to be supplied to the gate lines; and

controlling the data driver to initialize pixels on the liquid

crystal panel corresponding to the part of the gate signals
with a black color,

wherein the vertical window control signal has a vertical

window pulse of a low logic for designating an output
limit period of the gate signal during a time period of a
vertical synchronous signal.

2. The method according to claim 1, further comprising:

controlling the data driver to display a part of pixels on the

liquid crystal panel corresponding to a remainder of the
gate signals with a black color.

3. The method according to claim 1, wherein a vertical
window period of a display region on the liquid crystal panel
is initialized during the one vertical synchronous signal in
which a first vertical window pulse is generated.
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