a2 United States Patent

US007327338B2

(10) Patent No.: US 7,327,338 B2

Moon 45) Date of Patent: Feb. 5, 2008
(54) LIQUID CRYSTAL DISPLAY APPARATUS 5,900,854 A 5/1999 Itoh et al.
5,995,075 A * 11/1999 Vignolle ....cvvevvnninnns 345/94
(75) Inventor: Seung-Hwan Moon, Yongin-si (KR) 6,052,426 A * 42000 MALLCe ...oovevrrvrenrenne 377/78
6,414,670 Bl 7/2002 Kim
(73) Assignee: Samsung Electronics Co., Ltd., 6,657,478 B2* 12/2003 Matsumoto ................. 327/536
Suwon-si (KR) 2002/0118157 Al* 82002 Lee et al. .ocovvvinrninnne 345/87
( * ) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 466 days. KR 1999-3509 1/1999
(21) Appl. No.: 10/454,157 * cited by examiner
(22) Filed: Jun. 4, 2003 Primary Examiner—Sumati Lefkowitz
) o Assistant Examiner—Ke Xiao
(65) Prior Publication Data (74) Attorney, Agent, or Firm—F. Chau & Assoc., LLC
US 2004/0041774 A1~ Mar. 4, 2004
e 57) ABSTRACT
(30) Foreign Application Priority Data
Disclosed is an LCD apparatus having improved display
Aug. 30, 2002 (KR) oo 2002-52020 characteristics. A clock generator applies first and second
(51) Int.Cl clock signals to a gate driver so as to control a pulse width
G0;'G 3 /36 (2006.01) of a gate driving signal. A discharging transistor connected
(52) US.Cl ' 345/87: 345100 © first ends of gate lines discharges a present stage before
N e ’ operating a next stage. The gate lines include a first gate
(58) Field of Classification Search ... 34 5 /325/1961(; 986A: driver and a second gate driver for operating the gate lines
S lication file f | b ki S while the first gate driver is operated in an abnormal state.
¢e application file for complete search history. Accordingly, the LCD apparatus may be operated in high-
(56) References Cited (sipized ;nd prevent the gate driving signal from being
elayed.
U.S. PATENT DOCUMENTS
5,602,560 A 2/1997 lkeda 11 Claims, 20 Drawing Sheets

CKVB

CKY

Gi

1
1
L__ =

G i+

N — |




US 7,327,338 B2

Sheet 1 of 20

Feb. 5, 2008

U.S. Patent

wg-

ug
f 0Ll
00€
1
. anm BEL
. |43AIHA HOLVHINTD |w——
MO AdD
31V9 %2010
. gAlS ~AS
Ot k-,
N _.mu
_wm. : OHO
[ . . 0ElL
LQ— 3| ON
|- Y3TTOYINOD ™ 3uAksy
HIAIHA V1va B HIS ONINIL | =5ugsp-
px 7 Eied —~ejeq
It
0cl 001 002
oot



US 7,327,338 B2

Sheet 2 of 20

Feb. 5, 2008

U.S. Patent

amo -

MO

0Ee
f

L1NJ410 ONIAddY

So3

JOVLI0A ANOO3S

A

Y

ole
{

d071d d114-d

aee S0
LINOYID ONIATAdY (
J9VLT0A LSHI14 — H
ove
{
LINDYID HNIDHVHOSIA OAdD
/9N 1 DHVHD - ooHO
00€



US 7,327,338 B2

Sheet 3 of 20

Feb. 5, 2008

U.S. Patent

FIG.3

H

CPV
OE



U.S. Patent Feb. 5, 2008 Sheet 4 of 20 US 7,327,338 B2

FIG.4
STV O $
— b a| — 00
(0CS)
0E O Lk Q@ lb—o0 (chS)
CLR
T 310
STVB O
FIG.5
STVB ——
OF
ECS
(QB)
0CS

(Q)




e ———————
Y
2 e
e — _ |
Log] R - _ |
o« | r " | i |
~ | _ a _
“ _ | > ] L
3 | | |
z | _ ) e
N i | . _ ]
— I _MW oc - | _ “ _

| o _\/\ |

| _0 | “ _ “

| = L | |

_ Ny | | |

_ o _ _ _ |
S | | || _ _
: | | || _ |
- | | ] | |
' g} | | 3}
k5] | “ | “ %(L_ _
= O S o | .
%u < @ “V0|)>\</|ﬂm | “ ,% |

b— “ ] | | | | .
(., _ | | | <

= | _ | |
> | | _V
& _ §
N | _ | .
: N SRR A
: | o 5, | | !
- | _ |

S R ﬂW Iy | i

_ _VOT OW _ _ | |

I > ™D ™

Lm | _C - o&c T “ “ “

! L
- S B R T
(=% L s
!



~
[a=)
o o]
Log]
3/ e
S _ r—————————= 1
| L |
”, “ | =
_ o |
= ! | |
| _ — _
“ _ o _
3 o—W—f = |
_ 19 =
_ o | _
= | !
= _ K[ !
« _ _ |
= _ | _
> ! ! _
- ! _ |
3 _ _ _
= 1/L_ _ _
D~ ™ |
. =N _ & |
™ | | = O——AAA —M?_ _
G | _m L _
® — | ] |
= & _
| I
v !
= _
@ |
== _ r—— T T T T T 7
_ _
_ _ < 21
I 32 o= % _
N _mw(}_ Mz\/\/\/ I
= | | @ 7N o |
Lnl.w | _KO ™ o™ o |
< “ ] - e >
A _ Lo o g
o b o o o e o  ——
!

T4

—oGCPV




US 7,327,338 B2

Sheet 7 of 20

Feb. 5, 2008

U.S. Patent

| oA 0A
e — W W
| 20 &)
Lt 80 MR
__ T Y
2ve-— ZIy
“ OHD LY m
_IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH llll
_ s
VWA
| 7~3 I
| LA el
i oLy _
| UOA
{
|
__ }JOA
|
}
ere—1
]
|
|
. e
ove



U.S. Patent Feb. 5, 2008 Sheet 8 of 20 US 7,327,338 B2

FIG.9
o
btz
20V
10V _\ i
VR AERN
oV -
SEL>>
-15V L [ L
o:(CKVB)  v:(CKV)
FIG.10
20mA
0A 5 ©
y ‘! ‘{ < V
-20mA T 1
80us 120us 160us 180us

o:I(VOFF) o :1(VON)



U.S. Patent Feb. 5, 2008 Sheet 9 of 20 US 7,327,338 B2

FIG.11

S —

/)




U.S. Patent Feb. 5, 2008 Sheet 10 of 20 US 7,327,338 B2

FIG.12
e 1 -~
i3
| t4 |
CT ts LI " s L
CT 2— 5 ? .
FIG.13
; 1H y
- t3 )
I 1 ta

CT3

L




U.S. Patent Feb. 5, 2008 Sheet 11 of 20

US 7,327,338 B2

FI1G.14
500
130 /1 00
)
Dy ?
DATA DRIVER
130\\\ —131 .. . fDm
TIE 0 a-TFT |-1150
110 A G; a-TFT
\
132 133
GATE |. .
DRIVER
a-TFT {1150
/ a-TFT
Gn
FIG.15
150
Gi O—
(\ 155a
155¢
- 155
155b

G i1 O——— Voff



U.S. Patent Feb. 5, 2008 Sheet 12 of 20 US 7,327,338 B2

FIG.16

1.0mA

0A 4= o~

ﬁ

-1.0mA

o H|(TFT:1)

FIG.17

20V

10V -

oV +

SEL>>
-15V

1 I
100us 120us 140us 160us

<

S Fal
o

o:V(Gi) o:V(Gin )



U.S. Patent Feb. 5, 2008 Sheet 13 of 20 US 7,327,338 B2

FIG.18

20V =

10V

0V

=10V +

-1 5V T | 1
120us 125us 130us 135us 140us

20V
10V -
oV -

=10V -

-1 5\’ Y T
8us  100us  120us  140us  160us

|
!
|
!
I
f
I
I
I
I
I
[
I
I
I
I
|

O:Vfirst o:Vcenter v:Vend



U.S. Patent Feb. 5, 2008 Sheet 14 of 20 US 7,327,338 B2

FI1G.19

20V

10V -

0V 1 \

-10V -

_1 5V T T T
120us 125us 130us 135us 140us

20V

10V -
0V -

=10V -

15V .
80us  100us  120us  140us  160us

O:Vfirst ¢:Veenter v:Vend



US 7,327,338 B2

Sheet 15 of 20

Feb. 5, 2008

U.S. Patent

43A1dd
A1v9
ANOJ3S

uy
e 1o
141-€ 1d1-E
—OC4 10A
. . . d3A14d
ALv) —o UOA
. . . 1SHI1d
—0
o%_. - mm_,f zell 0 hmr g2AXD
/ —
141-e A oﬁ)ﬂ. 9] 14]1-e % 091
1d1-€ = \AH{ < 141-8
» < |El7 =
N ocl _V
H3A [HA WEE 1q ALS
ocl
009



US 7,327,338 B2

Sheet 16 of 20

Feb. 5, 2008

U.S. Patent

1d1-€ 1d1-8
1Jl-e 141-€
} JOAO— —o4 JOA
H3A 1 HA . H3A 1HA
UoAo— 3LyD ’ ) 3LVD o4 I0A
18414 . . . |aNOD3S
O|l||
0" [ETR: _ ‘o[ TAI-® T %
MO o— _“_ vl '/ —o UOA
Lu .rn._._.lm | 7 . . . _.m —..l 3 ._.u:.lm
osL |
ALS H3A 1 HA w:a 1 ALS
0zt
00/



US 7,327,338 B2

Sheet 17 of 20

Feb. 5, 2008

U.S. Patent

. —1 O § JOA
||||||||| 1
PI9L—— _ |
|
—_ ] _ r———— S
- _J_ Nz/. LN | _ |
Wb 2N | AR | o (1+1)in0p
_ I ]|
S P 1|1 SN vIN |
1] |
| | |
o OIN | [ _
(!)InoHo ) e T “
1 —————————— — _
N DR |
- T Hs N i
Bl9L—— LIN “ L /¢ — o EIN O UOA
_ P _
R ! _
L\ - - _____ ﬁlll_
-1 no
aigL o (I-1)1inoy
o A
191



U.S. Patent Feb. 5, 2008 Sheet 18 of 20 US 7,327,338 B2

FIG.23

20V

10V -

0V

=10V

15 S

|
80us 120us 160us 200us

0:V(Gout i-1)  ©:V(Gout i)  v:V(Gout i+1)



U.S. Patent Feb. 5, 2008 Sheet 19 of 20 US 7,327,338 B2

FIG.24

20V

10V

oV -

-10V -

e —— 7
v

-1 5V T I
80us 120us 160us 200us

o:V(Gout i-1)  ©:V(Gout i)  v:V(Gout i+1)



U.S. Patent Feb. 5, 2008 Sheet 20 of 20 US 7,327,338 B2

FI1G.25

20V

10V A

N

0V -

-10V -

S

¢

m

—15V T T
80us 120us 160us 200us

O:V(Gout i-1)  ©:V(Gout i)  v:V(Gout i+1)



US 7,327,338 B2

1
LIQUID CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an LCD (Liquid
Crystal Display) apparatus, and more particularly, to an
LCD apparatus having improved display characteristics.

2. Description of the Related Art

A liquid crystal display (LCD) apparatus generally
includes two substrates, each having an electrode formed on
an inner surface thereof, and a liquid crystal layer interposed
between the two substrates. In the LCD apparatus, a voltage
is applied to the electrodes to re-align liquid crystal mol-
ecules and control an amount of light transmitted through
the liquid crystal layer, thereby obtaining desired images.

TFT-LCDs are now the most common type of LCDs.
Electrodes are formed on each of the two substrates and thin
film transistors (TFTs) are used for switching power sup-
plied to each electrode. The TFT is typically formed on one
side of the two substrates. Generally, an LCD apparatus in
which TFTs are respectively formed in unit pixel regions is
classified as an amorphous silicon type TFT-LCD (amor-
phous-Si TFT-LCD) and a polycrystalline silicon type TFT-
LCD (poly-Si TFT-LCD).

The poly-Si TFT-LCD apparatus has the advantages of
lower power consumption and lower price compared with
the amorphous-Si TFT-LCD apparatus but has a drawback in
that its manufacturing process is complicated. Thus, the
poly-Si TFT-LCD apparatus is mainly used in small sized
displays, such as mobile phones, and the amorphous-Si
TFT-LCD apparatus, due to its ease of application to a large
screen and high production yield, is applied to large sized
displays such as notebook personal computers (PC), LCD
monitors, high definition (HD) televisions, etc.

Recently, much research and development efforts have
focused on methods for decreasing the number of steps of
the assembly process for an amorphous-Si TFT-LCD appa-
ratus, by simultaneously forming a data driving circuit and
a gate driving circuit along with a pixel array on a glass
substrate, similar to the assembly process of the poly-Si
TFT-LCD apparatus. Other areas of research focus include
methods for increasing the operational speed and resolution
of LCDs, such as by operating more signal lines of the
TFT-LCD apparatus within a certain time period.

SUMMARY OF THE INVENTION

An embodiment of the present invention provides an LCD
capable of being operated in high-speed.

Another embodiment of the present invention provides an
LCD capable of preventing a gate driving signal from being
delayed.

A further embodiment of the present invention provides
an LCD capable of preventing a gate driving signal from
being delayed with a redundancy function.

In one aspect of the invention, an LCD apparatus com-
prises a timing controller for outputting an image signal, a
first timing signal, a second timing signal and a clock
generating control signal in response to an external signal; a
clock generator for generating first and second clock signals
having phases opposite to each other and controlling the first
and second clock signals during a first period so as to
determine a voltage level of a gate driving signal and a
second period so as to charge or discharge the first and
second clock signals; a gate driver for sequentially output-
ting the gate driving signal in response to the first timing
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signal, the first clock signal and the second clock signal; a
data driver for outputting the image signal in response to the
second timing signal; and an LCD panel having a plurality
of data lines for receiving the image signal, a plurality of
gate lines for receiving the gate driving signal, and a
switching device connected to the data and gate lines, for
outputting the image signal in response to the gate driving
signal.

In another aspect, an LCD apparatus comprises an LCD
panel having a plurality of gate lines extended in a first
direction, a plurality of data lines extended in a second
direction perpendicular to the first direction, a switching
device having a first electrode connected to the gate lines
and a second electrode connected to the data lines and a
pixel electrode connected to a third electrode of the switch-
ing device; a gate driver connected to the gate lines for
sequentially applying a gate driving signal to the gate lines;
a data driver connected to the data lines for applying a data
driving signal to the data lines; and a discharger for dis-
charging a second gate driving signal applied to a present
gate line in response to a first gate driving signal applied to
a next gate line.

In a further aspect, an LCD apparatus comprises an LCD
panel having a plurality of gate lines extended in a first
direction, a plurality of data lines extended in a second
direction perpendicular to the first direction, a switching
device having a first electrode connected to the gate lines
and a second electrode connected to the data lines and a
pixel electrode connected to a third electrode of the switch-
ing device; a first gate driver connected to first ends of the
gate lines for sequentially applying a gate driving signal to
the gate lines; a second gate driver connected to second ends
of the gate lines for sequentially applying the gate driving
signal to the gate lines when the first gate driver is misop-
erated; a data driver connected to the data lines for applying
a data driving signal to the data lines; and a first discharger
for discharging a second gate driving signal applied to a
present gate line in response to a first gate driving signal
applied to a next gate line when the first gate driver is
operated; and a second discharger for discharging the second
gate driving signal in response to the second gate driving
signal when the second gate driver is operated.

According to an embodiment of the LCD apparatus, the
LCD apparatus may be operated in high-speed due to the
first and second clock signals respectively having a first
period for determining the voltage level of the gate driving
signal and a second period for charging or discharging the
first and second clock signals.

Also, the discharging transistor connected to first ends of
gate lines discharges a present stage before operating a next
stage, thereby preventing the gate driving signal from being
delayed.

Further, the gate lines include the first gate driver and the
second gate driver for operating the gate lines while the first
gate driver is operated in an abnormal state. Thus, although
the first gate driver is operated abnormally, the LCD appa-
ratus may be operated in normal state due to the second gate
driver.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present invention
will become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 is a block diagram showing an LCD apparatus
according to an embodiment of the present invention;
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FIG. 2 is a block diagram showing the clock generator
shown in FIG. 1;

FIG. 3 is a timing diagram of respective elements shown
m FIG. 2;

FIG. 4 is a circuit diagram showing the D-flip flop shown
in FIG. 2;

FIG. 515 a timing diagram of the D-flip flop shown in FIG.
4

FIG. 6 is a circuit diagram showing the first voltage
applying circuit shown in FIG. 2;

FIG. 7 is a circuit diagram showing the second voltage
applying circuit shown in FIG. 2;

FIG. 8 is a circuit diagram showing the charging/discharg-
ing circuit shown in FIG. 2;

FIG. 9 1s a waveform of first and second clock signals
from the clock generator shown in FIG. 2;

FIG. 10 is a waveform of current needed to output the first
and second clock signals from the clock generator shown in
FIG. 2;

FIG. 11 is an output waveform simulated at a respective
stage according to the first and second clock signals;

FIGS. 12 and 13 are waveforms of clock generating
control signals according to another embodiment of the
present invention;

FIG. 14 is a schematic view showing an LCD apparatus
according to another embodiment of the present invention;

FIG. 15 is a schematic view showing a discharger shown
m FIG. 14;

FIG. 16 is a waveform simulated at the discharger shown
m FIG. 15;

FIG. 17 is a waveform of a gate driving signal of the LCD
apparatus shown in FIG. 14;

FIG. 18 is a waveform of a conventional gate driving
signal;

FI1G. 19 is a waveform of the gate driving signal according
to an embodiment of the present invention shown in FIG. 14;

FIGS. 20 and 21 are schematic views showing LCD
apparatuses according to other embodiments of the present
mvention;

FIG. 22 is a circuit diagram showing the first gate driver
shown in FIG. 20;

FIG. 23 is a waveform of output from the first gate driver
shown in FIG. 22;

FIG. 24 is a waveform showing output signals of the first
gate driver in the case of applying the first power voltage to
the first power voltage input terminal of the second gate
driver shown in FIG. 20; and

FIG. 25 is a waveform showing output signals of the first
gate driver in the case of applying the second power voltage
to the first and second clock input terminals of the second
gate driver shown in FIG. 20.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 is a block diagram showing an LCD apparatus
according to an embodiment of the present invention.

Referring to FIG. 1, an LCD apparatus 400 includes an
LCD panel 100 on which gate and data drivers 110 and 120
are disposed, a timing controller 200 for controlling the LCD
panel 100 in response to an external signal and a clock
generator 300 for generating first and second clock signals
CKYV and CKVB applied to the gate driver 110.

The timing controller 200 generates timing signals to
control the gate and data drivers 110 and 120. The timing
controller 200 applies a horizontal start signal STH to the
data driver 120 in response to an H-sync (Horizontal syn-

10

15

20

25

30

35

45

50

55

60

65

4

chronization) signal provided from an external device. The
data driver 120 converts image data provided from the
timing controller 200 into analog image data and supplies
the analog image data to data lines in response to the
horizontal start signal STH from the timing controller 200.
The timing controller 200 applies a first vertical start signal
STV to the clock generator 300 in response to a V-sync
(Vertical synchronization) signal provided from the external
device.

The timing controller 200 applies a gate clock signal CPV
for determining a period of a gate driving signal, an enable
signal OE for enabling the gate driving signal and a charg-
ing/discharging control signal CHC for controlling charging
or discharging of the first and second clock signals CKV and
CKVB to the clock generator 300.

The LCD panel 100 includes a plurality of gate lines
G1~Gn extended in a first direction, a plurality of data lines
D1~Dm extended in a second direction perpendicular to the
first direction, a TFT 130 connected to the gate lines G1~Gn
and data lines D1~Dm and a pixel electrode 140 connected
to the TFT 130.

The LCD panel 100 includes the gate driver 110 for
sequentially applying the gate driving signal to the gate lines
G1~Gn and the data driver 120 for applying the data signal
to the data lines D1~Dm. The LCD panel 100 further
includes a TFT substrate, a color filter substrate and a liquid
crystal interposed between the TFT substrate and the color
filter substrate. The gate lines G1~Gn, the data lines
D1~Dm, the TFT 130 and the pixel electrode 140 are
disposed on the TFT substrate.

The data driver 120 generates a data signal applied to
respective pixels of the LCD panel 100 in response to the
horizontal start signal STH. The data signal generated from
the data driver 120 is a charging voltage for charging the
respective pixels.

The gate driver 110 includes a shifter register in which
plural stages are connected one after another to each other
and the gate lines G1~Gn are connected to the plural stages,
respectively. Therefore, the plural stages sequentially output
the gate driving signal to the gate lines G1~Gn. That is, the
gate driver 110 sequentially applies the gate driving signal
having a high level period to the gate lines G1~Gn to control
the data signal applied to respective pixels in response to a
second vertical start signal STVB having a phase opposite to
that of the first vertical start signal STV. The gate driving
signal has a voltage level sufficient to drive the TFT 130
connected to the gate lines G1~Gn. When the TFT 130 is
operated in response to the gate driving signal, the data
signal is applied to the pixel electrode 140 through the TFT
130 to charge the liquid crystal layer.

The clock generator 300 outputs the first clock signal
CKV and the second clock signal CKVB having a phase
opposite to that of the first clock signal CKV in response to
the gate clock signal CPV and the enable signal OE. The first
clock signal CKV is applied to odd-numbered stages of the
gate driver 110 and the second clock signal CK'VB is applied
to even-numbered stages of the gate driver 110.

The clock generator 300 includes first and second voltage
applying circuits (not shown) and a charging/discharging
circuit (not shown). The first and second voltage applying
circuits generate the first and second clock signals CKV and
CKVB having a predetermined voltage so as to determine a
level of the gate driving signal in response to the gate clock
signal CPV, the enable signal OE and the first vertical start
signal STV. The charging/discharging circuit controls the
first and second clock signals CKV and CKVB to be charged
or discharged in response to the gate clock signal CPV and
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the charging/discharging signal CHC. The clock generator
300 outputs the second vertical start signal STVB to the gate
driver 110 to sequentially apply the first vertical start signal
STV from the gate driver 110 to the gate lines G1~Gn.

Accordingly, the first and second clock signals CKV and
CKVB have a predetermined voltage during a first period
and is charged or discharged during a second period. By
controlling the first and second clock signals CKV and
CKVB, a pulse width of the gate driving signal is reduced,
so that the gate driver 110 may be operated in high-speed.

Also, the clock generator 300 may use the gate clock
signal CPV and the enable signal OF without additional
control signals applied to the clock generator 300 to generate
the first and second clock signals CKV and CKVB.

FIG. 2 is a block diagram showing the clock generator
shown in FIG. 1 and FIG. 3 is a timing diagram of respective
elements shown in FIG. 2.

Referring to FIG. 2, the clock generator 300 includes a
D-flip flop 310 for outputting a first clock enable signal OCS
(Odd Clock Pulse) and a second clock enable signal ECS
(Even Clock Pulse), a first voltage applying circuit 320 for
outputting the first clock signal CKV in response to the first
clock enable signal OCS,; a second voltage applying circuit
330 for outputting the second clock signal CKVB in
response to the second clock enable signal ECS and a
charging/discharging circuit 340 for charging or discharging
the first and second clock signals CKV and CKVB.

The D-flip flop 310 receives the vertical start signal STV
and synchronizes with the enable signal OE so as to output
the first and second clock enable signals OCS and ECS
through first and second terminals QB and Q, respectively.
The enable signal OE delays the output from the gate driver
110 by a delay time of the gate driving signal. That is, the
enable signal OF has a high level while the gate driving
signal is delayed during first period 1H.

The first voltage applying circuit 320 outputs the first
clock signal CKV having the predetermined voltage during
the first period in response to the gate clock signal CPV, the
enable signal OE and the first clock enable signal OCS. The
second voltage applying circuit 330 outputs the second clock
signal CKVB having the predetermined voltage during the
first period in response to the gate clock signal CPV, the
enable signal OF and the second clock enable signal ECS.
The charging/discharging circuit 340 receives the gate clock
signal CPV and charges or discharges the first and second
clock signals CKV and CKVB when the first and second
voltage applying circuits 320 and 330 are turned off.

As shown in FIG. 3, the gate clock signal CPV has a first
period 1H and the enable signal OF is generated in the first
period 1H and has a high level of a predetermined duty while
the gate driving signal is delayed.

During a third period t3 of which the gate clock signal
CPV has a high level and the enable signal OF has a low
level, the first and second voltage applying circuits 320 and
330 are operated. During a fourth period t4 of which the gate
clock signal CPV has the low level and the enable signal OF
has the low level or the high level, the charging/discharging
circuit 340 is operated. During a fifth period t5 between the
third and fourth periods t3 and 4, the first voltage applying
circuit 320, the second voltage applying circuit 330 and the
charging/discharging circuit 340 are in a disable state. In the
fifth period t5, the gate clock signal CPV and the enable
signal OF have the low level or high level, respectively.

Hereinafter, the clock generator 300 will be described in
detail.
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6
FIG. 4 is a circuit diagram showing the D-flip flop shown
in FIG. 2 and FIG. 5 is a timing diagram of the D-flip flop
shown in FIG. 4.

Referring to FIGS. 4 and 5, when the D-flip flop 310 is
cleared in response to the second vetrtical start signal STVB
having the phase opposite to that of the first vertical start
signal STV, the second clock enable signal ECS outputted
from the first terminal QB of the D-flip flop 310 has a high
level. That is, the D-flip flop 310 receives the first vertical
start signal STV and outputs the first and second clock
enable signals OCS and ECS having two high levels (2H) as
one period in response to the enable signal OE inputted
through a clock terminal CLK thereof. The first clock enable
signal OCS enables the first voltage applying circuit 320 that
outputs the first clock signal CKV applied to the odd-
numbered stages of the gate driver 110 and the second clock
enable signal ECS enables the second voltage applying
circuit 330 that outputs the second clock signal CKVB
applied to the even-numbered stages of the gate driver 110.

FIG. 6 is a circuit diagram showing the first voltage
applying circuit shown in FIG. 2 and FIG. 7 is a circuit
diagram showing the second voltage applying circuit shown
in FIG. 2.

Referring to FIG. 6, the first voltage applying circuit 320
includes a first power voltage supplier 321 for supplying a
first power voltage Von to the first clock signal CKV in
response to the first clock enable signal OCS having a high
level and a second power voltage supplier 323 for supplying
a second power voltage Voff to the first clock signal CKV in
response to the first clock enable signal OCS having a low
level.

The first power voltage supplier 321 includes an on-
voltage generator 321a and a first controller 3215 for
controlling operation of the on-voltage generator 321a.

The first controller 3215 includes a first transistor T1, a
second transistor T2, a first resistor R1 and a second resistor
R2.

The first transistor T1 includes an emitter connected to a
terminal for the enable signal OF and a collector connected
to an emitter of the second transistor T2. The first resistor R1
is connected between a base of the first transistor T1 and a
terminal for the first clock enable signal OCS. The second
transistor T2 has a collector connected to the on-voltage
generator 321a. The second resistor R2 is connected
between a base of the second transistor T2 and a terminal for
the gate clock signal CPV.

Accordingly, the first transistor T1 is turned on in
response to a voltage difference between the first clock
enable signal OCS and the enable signal OF and the second
transistor T2 is turned on in response to a voltage difference
between the enable signal OF provided from the first tran-
sistor T1 and the gate clock signal CPV, thereby controlling
operation of the on-voltage generator 321a.

The on-voltage generator 321a includes a third transistor
T3, athird resistor R3, a fourth resistor R4 and a fifth resistor
RS5.

The third transistor T3 includes an emitter connected to a
terminal for the first power voltage Von and a collector
connected to a terminal for the first clock signal CKV. The
third resistor R3 is connected between the emitter and a base
of the third transistor T3. The fourth and fifth resistors R4
and RS are connected between the base of the third transistor
T3 and the collector of the second transistor T2 in series.
Thus, the third transistor T3 outputs the first clock signal
CKYV through the terminal.
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The second power voltage supplier 323 includes an off-
voltage generator 323¢ and a second controller 3235 for
controlling the off-voltage generator 323a.

The second controller 3235 includes a fourth transistor
T4, a fifth transistor T5 and sixth to eleventh resistors
R6~R11.

The fourth transistor T4 includes an emitter connected to
the terminal for the gate clock signal CPV and a collector
connected to the fifth transistor T5. The sixth resistor R6 is
connected between the emitter and base of the fourth tran-
sistor T4. The seventh and eighth resistors R7 and R8 are
connected between the base of the fourth transistor T4 and
the terminal for the enable signal OE in series. The fifth
transistor T3 includes a collector connected to the off-
voltage generator 323a. The ninth resistor R9 is connected
between the emitter and base of the fifth transistor T5. The
tenth and eleventh resistors R10 and R11 are connected
between the base of the fifth transistor T5 and the terminal
for first clock enable signal OCS in series.

The fourth transistor T4 outputs the gate clock signal CPV
in response to a voltage difference between the gate clock
signal CPV and the enable signal OF and the fifth transistor
T5 outputs the gate clock signal CPV in response to a
voltage difference between the gate clock signal CPV out-
putted from the fourth transistor T4 and the first clock enable
signal OCS. The gate clock signal CPV outputted from the
fifth transistor T5 is provided to the off-voltage generator
323a.

The off-voltage generator 323a includes a sixth transistor
T6, a twelfth resistor R12, a thirteenth resistor R13 and a
fourteenth resistor R14.

The sixth transistor T6 includes an emitter connected to a
terminal for the second power voltage Voff and a collector
connected to a terminal for the first clock signal CKV. The
twelfth resistor R12 is connected between the collector of
the fifth transistor T5 and first terminals of the thirteenth and
fourteenth resistors R13 and R14 in parallel, a second
terminal of the thirteenth resistor R13 is connected to the
emitter of the sixth transistor T6 and a second terminal of the
fourteenth resistor R14 is connected 1o a base of the sixth
transistor T6. Thus, when the sixth transistor T6 is turned on
in response to the gate clock signal CPV outputted from the
second controller 3235, the second power voltage Voff is
outputted through the terminal for the first clock signal CK'V.

In FIG. 6, the first to sixth transistors T1, T2, T3, T4, T5
and T6 are bipolar junction transistors.

Referring to FIG. 7, the second voltage applying circuit
330 includes a first power voltage supplier 331 for supplying
a first power voltage Von to the second clock signal CKVB
in response to the second clock enable signal ECS having a
high level and a second power voltage supplier 333 for
supplying a second power voltage Voff to the second clock
signal CKVB in response to the second clock enable signal
ECS having a low level.

The first power voltage supplier 331 includes an on-
voltage generator 331a and a first controller 3316 for
controlling operation of the on-voltage generator 331a.

The first controller 3315 includes a first transistor T1, a
second transistor T2, a first resistor R1 and a second resistor
R2.

The first transistor T1 includes an emitter connected to a
terminal for the enable signal OF and a collector connected
to an emitter of the second transistor T2. The first resistor R1
is connected between a base of the first transistor T1 and a
terminal for the second clock enable signal ECS. The second
transistor T2 includes a collector connected to the on-

20

25

45

55

60

65

8

voltage generator 331a. The second resistor R2 is connected
between a base of the second transistor T2 and a terminal for
the gate clock signal CPV.

Accordingly, the first transistor T1 is turned on in
response to a voltage difference between the second clock
enable signal ECS and the enable signal OF and the second
transistor T2 is turned on in response to a voltage difference
between the enable signal OF provided from the first tran-
sistor T1 and the gate clock signal CPV, thereby controlling
operation of the on-voltage generator 331a.

The on-voltage generator 331a includes a third transistor
T3, athird resistor R3, a fourth resistor R4 and a fifth resistor
RS.

The third transistor T3 includes an emitter connected to a
terminal for the first power voltage Von and a collector
connected to a terminal for the second clock signal CKVB.
The third resistor R3 is connected between the emitter and
a base of the third transistor T3. The fourth and fifth resistors
R4 and R5 are connected between the base of the third
transistor T3 and the collector of the second transistor T2 in
series. Thus, the third transistor T3 outputs the second clock
signal CKVB through the terminal.

The second power voltage supplier 333 includes an off-
voltage generator 3334 and a second controller 3335 for
controlling the off-voltage generator 323a.

The second controller 3335 includes a fourth transistor
T4, a fifth transistor T5 and sixth to eleventh resistors
R6~R11.

The fourth transistor T4 includes an emitter connected to
the terminal for the gate clock signal CPV and a collector
connected to and emitter of the fifth transistor TS. The sixth
resistor R6 is connected between the emitter and base of the
fourth transistor T4. The seventh and eighth resistors R7 and
R8 are connected between the base of the fourth transistor
T4 and the terminal for the enable signal OF in series. The
fifth transistor TS includes a collector connected to the
off-voltage generator 333a. The ninth resistor R9 is con-
nected between the emitter and base of the fifth transistor T5.
The tenth and eleventh resistors R10 and R11 are connected
between the base of the fifth transistor T5 and the terminal
for second clock enable signal ECS in series.

The fourth transistor T4 outputs the gate clock signal CPV
in response to a voltage difference between the gate clock
signal CPV and the enable signal OF and the fifth transistor
T5 outputs the gate clock signal CPV in response to a
voltage difference between the gate clock signal CPV out-
putted from the fourth transistor T4 and the second clock
enable signal ECS. The gate clock signal CPV outputted
from the fifth transistor T5 is provided to the off-voltage
generator 333a.

The off-voltage generator 333a includes a sixth transistor
T6, a twelfth resistor R12, a thirteenth resistor R13 and a
fourteenth resistor R14.

The sixth transistor T6 includes an emitter connected to a
terminal for the second power voltage Voff and a collector
connected to a terminal for the second clock signal CKVB.
The twelfth resistor R12 is connected between the collector
of the fifth transistor TS and first terminals of the thirteenth
and fourteenth resistors R13 and R14 in parallel, a second
terminal of the thirteenth resistor R13 is connected to the
emitter of the sixth transistor T6 and a second terminal of the
fourteenth resistor R14 is connected to a base of the sixth
transistor T6. Thus, when the sixth transistor T6 is turned on
in response to the gate clock signal CPV outputted from the
second controller 3335, the second power voltage Voff is
outputted through the terminal for the second clock signal
CKVB.
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In FIG. 7, the first to sixth transistors T1, T2, T3, T4, T5
and T6 are bipolar junction transistors.

FIG. 8 is a circuit diagram showing the charging/discharg-
ing circuit shown in FIG. 2.

Referring to FIG. 8, the charging/discharging circuit 340
includes a charger 341 for charging or discharging the first
and second clock signals CKV and CKVB, a charging driver
342 for driving the charger 341 and a charging controller
343 for controlling the charging driver 342.

The charging controller 343 includes first to third tran-
sistors T1~T3 and first to tenth resistors R1~R10.

The first transistor T1 includes an emitter connected to a
terminal for the gate clock signal CPV and a collector
connected to a first terminal of the fourth resistor R4. The
first resistor R1 is connected between the emitter and base of
the first transistor T1. The second and third resistors R2 and
R3 are connected between the base of the first transistor T1
and a ground terminal V,, in series. The fourth resistor R4 is
connected to the fifth and sixth resistors RS and Ré in
parallel. The fifth resistor RS is connected to a base of the
second transistor T2 and the sixth resistor R6 is connected
1o the emitter of the second transistor T2.

The third transistor T3 includes an emitter connected to a
terminal for the first power voltage Von and a collector
connected to a collector of the second transistor T2 through
the tenth resistor R10. The seventh resistor R7 is connected
between the emitter and base of the third transistor T3. The
eighth and ninth resistors R8 and R9 are connected between
the base of the third transistor T3 and the terminal for the
gate clock signal CPV in series.

The charging driver 342 includes fourth and fifth transis-
tors T4 and T5 and eleventh to fourteenth resistors
R11~-R14.

The fourth transistor T4 includes an emitter connected to
the terminal for the second clock signal CKVB and a
collector connected to the terminal for the first clock signal
CKYV through the twelfth resistor R12. The eleventh resistor
R11 is connected between the base of the fourth transistor T4
and a terminal for the charging/discharging control signal
CHC. The fifth transistor T5 includes an emitter connected
to the twelfth resistor R12 and a collector connected to the
terminal for the second clock signal CKVB through the
thirteenth resistor R13. The fourteenth resistor R14 is con-
nected between the base of the fifth transistor T3 and the
terminal for the charging/discharging control signal CHC.

The charger 341 includes a first capacitor C1 connected
between the terminal for the first clock signal CKV and the
ground terminal V, and a second capacitor C2 connected
between the terminal for the second clock signal CKVB and
the ground terminal V.

Accordingly, the charging/discharging circuit 340 is oper-
ated when the third and sixth transistors T3 and T6 of the
first and second voltage applying circuits 320 and 330 are
turned off and the gate clock signal CPV has the low level.
That is, when the gate clock signal CPV has the low level,
the first and second transistors T1 and T2 of the charging
controller 343 are turned off. The first power voltage Von is
applied to the charging driver 342 through the third transis-
tor T3 turned on in response to the gate clock signal CPV
and the first power voltage Von.

Thus, the fourth transistor T4 of the charging driver 342
is turned on in response to the first power voltage Von and
the charging/discharging control signal CHC so as to charge
the second capacitor C2. The charging voltage charged to the
second capacitor C2 is outputted through the terminal for the
second clock signal CKVB. The first capacitor C1 is dis-
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charged and the discharging voltage is outputted through the
terminal for the first clock signal CKV.

The fifth transistor T5 of the charging driver 342 is turned
on in response to the charging/discharging control signal
CHC and a potential rises at a first node N1. Thus, the first
capacitor Cl1 is charged and charging voltage charged to the
first capacitor C1 is outputted through the terminal for the
first clock signal CKV. The second capacitor C2 is dis-
charged and the discharging voltage is outputted through the
terminal for the second clock signal CKVB.

When the first and second voltage applying circuits 320
and 330 are turned off and the gate clock signal CPV has the
low level, the first and second clock signals CKV and CKVB
are charged or discharged.

The tenth resistor R10 connected to the collector of the
third transistor T3 delays the first power voltage Von to be
applied to the charging driver 342 to drive the charging/
discharging circuits 340 while the first and second voltage
applying circuits 320 and 330 are not operated. Thus, it is
able to prevent the first voltage applying circuit 320, the
second voltage applying circuit 330 and the charging/dis-
charging circuit 340 from being operated together during the
fifth period 5.

FIG. 9 is a simulated waveform of the first and second
clock CKV and CKVB signals from the clock generator
shown in FIG. 2 and FIG. 10 is a simulated waveform of
current needed to output the first and second clock signals.
In FIGS. 9 and 10, the first and second power voltages Von
and Voff are 20 volts and 14 volts, respectively.

Referring to FIGS. 9 and 10, the first clock signal CKV
has the first power voltage Von during the first period t1 and
has a slope of a first polarity during the second period t2. The
second clock signal CKVB has the second power voltage
Voff having the phase opposite to that of the first clock signal
CKYV during the first period t1 and has a slope of a second
polarity during the second period 2 opposite to the first
polarity.

The first and second clock signals CKV and CKVB
respectively have the first and second periods t1 and t2 as 1H
and the first and second clock signals CKV and CKVB
having the phase opposite to each other are charged or
discharged during the second period t2. Thus, the power
consumption of the clock generator 300 may be reduced
because the voltage transition of the clock generator 300 is
reduced about half of that of a conventional waveform.

The power consumption (P) is defined as the following
equation:

PofAV,C )

When the voltage transition is reduced, the power con-
sumption (P) of the clock generator 300 may be reduced
about quarter because the power consumption (P) is in
proportion to a square of the voltage transition. That is, the
power consumption (P) of the clock generator 300 for
generating the first and second clock signals CKV and
CKVB may be reduced.

FIG. 11 is an output waveform simulated at a respective
stage according to the first and second clock signals.

Referring to FIG. 11, ani” gate driving signal is outputted
from an i” stage at a rising edge of the second clock signal
CKVB. When an i+1” gate driving signal outputted from an
i+1 stage reaches a voltage V1, the i” gate driving signal
is discharged. Thus, the amount of time the i* gate driving
signal is maintained at a high level is reduced.

When the gate driver 110 receives the first and second
clock signals CKV and CKVB, the pulse width of the gate
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driving signal may be adjusted and the LCD apparatus 400
may be operated in high-speed.

In FIGS. 1to 11, the gate clock signal CPV and the enable
signal OF are described as a clock generating control signal
for controlling the first and second voltage applying circuits
320 and 330 and the charging/discharging circuit 340.
However, the clock generating control signal is not limited
to that exemplary embodiment.

FIGS. 12 and 13 are waveforms of clock generating
control signals according to another embodiment of the
present invention.

Referring to FIG. 12, the clock generating control signal
includes a first control signal CT1 having 1H period and a
second control signal CT?2 having a phase partially opposite
to that of the first control signal CT1 and 1H period. The first
and second control signals CT1 and CT2 control operations
of the first and second voltage applying circuits 320 and 330
and the charging/discharging circuit 340.

Particularly, during a third period 3 where the first control
signal CT1 has a high level and the second control signal
CT2 has a low level, the first and second voltage applying
circuits 320 and 330 are operated. During a fourth period t4
where the first control signal CT1 has the low level and the
second control signal CT2 has the high level, the charging/
discharging circuit 340 is operated. Also, during a fifth
period t5 where the first and second control signals CT1 and
CT2 have the low level, the first and second voltage apply-
ing circuits 320 and 330 and the charging/discharging circuit
340 are not operated. The fifth period t5 is provided between
the third and fourth periods t3 and t4. Thus, it is able to
prevent the first voltage applying circuit 320, the second
voltage applying circuit 330 and the charging/discharging
circuit 340 from being operated together.

As shown in FIG. 13, the clock generating control signal
includes third and fourth control signals CT3 and CT4
having 1H period, respectively. The fourth control signal
CT4 is generated as a high level when the third control
signal CT3 has a low level. The third and fourth control
signals CT3 and CT4 control operations of the first and
second voltage applying circuits 320 and 330 and the
charging/discharging circuit 340.

Particularly, the first and second voltage applying circuits
320 and 330 are operated during a third period t3 where the
third control signal CT3 has the high level and the fourth
control signal CT4 has the low level. The charging/discharg-
ing circuit 340 is operated during a fourth period t4 where
the third control signal CT3 has the low level and the fourth
control signal CT4 has the low level. Also, the first and
second voltage applying circuits 320 and 330 and the
charging/discharging circuit 340 are not operated during a
fifth period t5 where the third control signal C'T3 has the low
level and the fourth control signal CT4 has the high level.
The fifth period t5 is provided between the third and fourth
periods t3 and t4. Thus, it is able to prevent the first voltage
applying circuit 320, the second voltage applying circuit 330
and the charging/discharging circuit 340 from being oper-
ated together.

FIG. 14 is a schematic view showing an LCD apparatus
according to another embodiment of the present invention.
FIG. 15 is a schematic view showing a discharger shown in
FIG. 14. FIG. 16 is a waveform simulated at the discharger
shown in FIG. 15. FIG. 17 is a waveform of a gate driving
signal of the LCD apparatus shown in FIG. 14.

Referring to FIG. 14, an LCD apparatus 500 includes an
LCD panel 100 on which a gate driver 110, a data driver 120
and a discharger 150 are disposed.
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The LCD panel 500 includes a plurality of gate lines
G1~Gn extended in a first direction, a plurality of data lines
D1~Dm extended in a second direction perpendicular to the
first direction, a TFT 130 having a first electrode 131
connected to the gate lines G1~Gn and a second electrode
132 connected to the data lines D1~Dm and a pixel electrode
140 connected to a third electrode 133 of the TFT 130. The
TFT 130 receives data signal through the second electrode
132

and provides the data signal to the pixel electrode 140 in
response to a gate driving signal applied to the first electrode
131.

The gate driver 110 connected to first ends of the gate
lines G1~Gn sequentially applies the gate driving signal to
the gate lines G1~Gn. The data driver 120 connected to the
data lines D1~Dm applies the data signal to the data lines
D1~Dm.

The discharger 150 is connected to second ends of the
gate lines G1~Gn. As shown in FIG. 15, the discharger 150
discharges a second gate driving signal applied to a present
gate line Gi in response to a first gate driving signal applied
to a next gate line Gi+l, so that the second gate driving
signal has the second power voltage Voff. The “1” is a natural
number larger than “1” and smaller than “n”.

The discharger 150 includes a discharging transistor 155
having a first electrode 155a connected to the present gate
line Gi, a second electrode 1555 connected to a terminal for
the second power voltage Voff and a third electrode 155¢
connected to the next gate line Gi+1.

That is, when a voltage level of the first gate driving signal
is greater than a threshold voltage of the discharging tran-
sistor 155, the discharging transistor 155 discharges the
second gate driving signal into the second power voltage
Voff.

As shown in FIGS. 16 and 17, when the voltage level of
the first gate driving signal rises more than the threshold
voltage of the discharging transistor 155, the discharging
transistor 155 discharges the second gate driving signal into
the second power voltage Voff. Thus, the discharging tran-
sistor 155 sufficiently discharges the second gate driving
signal before the first gate driving signal is pulled up, so that
the discharging transistor 155 may prevent the second gate
driving signal from being delayed.

FIG. 18 is a waveform of a conventional gate driving
signal and FIG. 19 is a waveform of the gate driving signal
according to an embodiment of the present invention shown
in FIG. 14. In FIGS. 18 and 19, a first gate driving signal
Vfirst applied to a first switching device among plural
switching devices connected to the gate line G1 of the gate
lines G1~Gn, a second gate driving signal Vcenter applied
to a center switching device among plural switching devices
connected to the gate line G1 of the gate lines G1~Gn and
a third gate driving signal Vend applied to a last switching
device among plural switching devices connected to the gate
line G1 of the gate lines G1~Gn are described.

Referring to FIG. 18, the first, second and third gate
driving signals Vfirst, Vcenter and Vend are completely
discharged at about 140 pus and each reach the second power
voltage Voff at different times, respectively.

Referring to FIG. 19, the first, second and third gate
driving signals Vfirst, Vcenter and Vend are completely
discharged at about 136 us. Thus, compared with the delay
time of the conventional first, second and third gate driving
signals Vfirst, Vcenter and Vend shown in FIG. 18, the delay
time of the first, second and third gate driving signals Vfirst,
Vceenter and Vend according to an embodiment of the
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present invention may be reduced about 4 ps. Also, since the
first, second and third gate driving signals Vfirst, Vcenter
and Vend reach the second power voltage Voff at the same
time, the delaying characteristics of the first, second and
third gate driving signals Vfirst, Veenter and Vend are
thereby improved.

FIGS. 20 and 21 are schematic views showing LCD
apparatuses according to other embodiments of the present
invention.

Referring to FIG. 20, an LCD apparatus 600 includes a
first gate driver 160, a second gate driver 170, a data driver
120, a first discharger 180 and a second discharger 190.

The LCD panel 600 includes a plurality of gate lines
G1~Gn extended in a first direction, a plurality of data lines
D1~Dm extended in a second direction perpendicular to the
first direction, a TFT 130 having a first electrode 131
connected to the gate lines G1~Gn and a second electrode
132 connected to the data lines D1~Dm and a pixel electrode
140 connected to a third electrode 133 of the TFT 130. The
TFT 130 receives a data signal through the second electrode
132 and provides the data signal to the pixel electrode 140
in response to a gate driving signal applied to the first
electrode 131 thereof.

The first gate driver 160 connected to first ends of the gate
lines G1~Gn sequentially applies the gate driving signal to
the gate lines G1~Gn. The data driver 120 connected to the
data lines D1~Dm applies the data signal to the data lines
D1~Dm when the gate driving signal is applied to the gate
lines G1~Gn.

The second gate driver 170 connected to second ends of
the gate lines G1~Gn sequentially applies the gate driving
signal to the gate lines G1~Gn when the first gate driver 160
is in an abnormal operation state. Thus, although the first
gate driver 160 is operated in the abnormal state, the LCD
apparatus 600 may be operated in a normal state while the
second gate driver 170 is in a normal operation state.

The first and second gate drivers 160 and 170 respectively
have a shift register having plural stages connected one after
another to each other. Respective stages of the shift register
have a same configuration.

As shown in FIG. 20, the first gate driver 160 includes five
input terminals for receiving signals, such as a first vertical
start signal STV, a first clock signal CKV, a second clock
signal CKVB; a first power voltage Von and a second power
voltage Voff, from an external device.

The second gate driver 170 also includes five input
terminals. The second gate driver 170 receives the first
vertical start signal STV, the first power voltage Von and the
second power voltage Voff while the first gate driver 160 is
operated in the normal state. That is, the second gate driver
170 receives the first power voltage Von instead of the first
and second clock signals CKV and CKVB and the second
power voltage Voff instead of the input terminal for the first
power voltage Von. Thus, the second gate driver 170 main-
tains a bias state while the first gate driver 160 is operated
in the normal state.

However, when the first gate driver 160 is operated in the
abnormal state, the second gate driver 170 receives the first
clock signal CKYV, the second clock signal CKVB and the
first power voltage Von, so that the second gate driver 170
may output the gate driving signal to the gate lines G1~Gn.

To prevent the gate driving signal from being delayed
when the first gate driver 160 is operated, the first discharger
180 1s connected to the second ends of the gate lines G1~Gn.
The second discharger 190 is connected to the first ends of
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the gate lines G1~Gn so as to prevent the gate driving signal
from being delayed when the second gate driver 170 is
operated.

The first discharger 180 includes a first discharging tran-
sistor having a first electrode connected to a first end of a
present gate line, a second electrode connected to the
terminal for the second power voltage Voff and a third
electrode connected to a first end of a next gate line.
Accordingly, the first discharging transistor is operated in
response to a first gate driving signal applied from the first
gate driver 160 to the next gate line to discharge the second
gate driving signal applied to the present gate line into the
second power voltage Voff.

The second discharger 190 includes a second discharging
transistor having a first electrode connected to a second end
of the present gate line, a second electrode connected to the
terminal for the second power voltage Voff and a third
electrode connected to a second end of the next gate line.
Accordingly, the second discharging transistor is operated in
response to a first gate driving signal applied from the
second gate driver 170 to the next gate line to discharge the
second gate driving signal applied to the present gate line
into the second power voltage Voff.

In FIG. 20, the first and second gate drivers 160 and 170
are disposed adjacent to the first and second ends of the gate
lines G1~Gn, respectively. However, the first and second
gate drivers 160 and 170 may be disposed adjacent to second
and first ends of the gate lines G1~Gn, respectively.

As shown in FIG. 21, in LCD apparatus 700, a second
gate driver 170 is connected to the first ends of the gate lines
G1~Gn and the first gate driver 160 is connected to the
second ends of the gate lines G1~Gn. The second gate driver
170 is operated while the first gate driver 160 is operated in
an abnormal state.

FIG. 22 is a circuit diagram showing the first gate driver
shown in FIG. 20 and FIG. 23 is a waveform of output from
the first gate driver shown in FIG. 22. The first gate driver
160 has a shift register having plural stages connected one
after another to each other. Respective stages of the shift
register have a same configuration.

Referring to FIG. 22, each stage 161 of the shift register
includes a pull-up section 161a, a pull-down section 1615,
a pull-up driving section 161¢ and a pull-down driving
section 161d.

The pull-up section 1614 includes a first NMOS transistor
NT1 of which a drain is connected to a clock signal input
terminal CKV, a gate is connected to a first node N1 and a
source is connected to an output terminal Gout(i) of the
present stage.

The pull-down section 1615 includes a second NMOS
transistor NT2 of which a drain is connected to an output
terminal Gout(i), a gate is connected to a second node N2
and a source is connected to a second power voltage Voff.

The pull-up driving section 161¢ includes a capacitor C1
and third to fifth NMOS transistors NT3 to NT5. The
capacitor C1 is connected between the first node N1 and the
output terminal Gout(i). The third NMOS transistor NT3 has
a drain connected to the first power voltage Von, a gate
connected to the terminal Gout(i-1) and a source connected
to the first node N1. The fourth NMOS transistor NT4 has
a drain connected to the first node N1, a gate connected to
an output terminal Gout(i+1) of the next stage and a source
connected to the second power voltage Voff. The fifth
NMOS transistor NT5 has a drain connected to the first node
N1, a gate connected to the second node N2 and a source
connected to the second power voltage Voff.
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The pull-down driving section 1614 includes sixth and
seventh NMOS transistors NT6 and NT7. The sixth NMOS
transistor NT6 has drain and gate commonly connected to
the first power voltage Von and a source connected to the
second node N2. The seventh NMOS transistor NT7 has a
drain connected to the second node N2, a gate connected to
the first node N1 and a source connected to the second power
voltage Voff. The sixth NMOS transistor NT6 has a size ratio
of 16:1 to the seventh NMOS transistor NT7.

When first and second clock signals CKV and CKVB and
first vertical start signal STV are applied, each stage sequen-
tially outputs the gate driving signal. That is, each stage
outputs the first clock signal CKV of a high level period as
the gate driving signal through the output terminal Gout(i) in
response to an output signal of a previous stage.

As the high level period of the first clock signal CKV is
generated at the output terminal Gout(i), the output voltage
is bootstrapped at the capacitor C1 and thereby the gate
voltage of the first NMOS transistor NT1 rises over the
turn-on voltage VDD. Accordingly, the first NMOS transis-
tor NT1 maintains a full turn-on state. At this time, the third
NMOS transistor NT3 has a size ratio of 2:1 to the fifth
NMOS transistor NT5. Thus, although the fifth NMOS
transistor NT5 is turned on in response to the first vertical
start signal STV, the first NMOS transistor N'T1 is transited
to the turn-on state.

1n the pull-down driving section 1614, since the seventh
NMOS transistor NT7 is turned off and a potential of the
second node N2 rises to the first power voltage Von, the
second NMOS transistor NT2 is turned on. Thus, the gate
driving signal outputted from the output terminal Gout()
maintains the second power voltage Voff. At this time, the
potential of the second node N2 is dropped to the second
power voltage Voff because the seventh NMOS transistor
NT7 is turned on in response to the gate driving signal
outputted from the output terminal Gout(i-1) of the previous
stages.

Although the sixth NMOS transistor NT6 is turned on, the
second node N2 maintains the second power voltage Voff
since a size of the seventh NMOS transistor NT7 is larger 16
times than the sixth NMOS transistor NT6. Therefore, the
second NMOS transistor NT2 is transited from the turn-on
state to the turn-off state.

When a potential of the gate driving signal outputted from
the output terminal Gout(i) of the present stage is dropped to
the second power voltage Voff, the seventh NMOS transistor
NT7 is turned off. The potential of the second node N2 rises
from the second power voltage Voff' to the first power
voltage Von because the second node N2 receives the first
power voltage Von through the sixth NMOS transistor NT6.
When the fifth NMOS transistor NT5 is turned on while
rising the potential of the second node N2, the charged
voltage into the capacitor C1 is discharged so as to turn off
the first NMOS transistor NT1.

Responsive to the voltage level of the gate driving signal
outputted from the output terminal Gout(i+1) of the next
stage having the turn-on voltage, the fourth NMOS transis-
tor NT4 is turned on. At this time, the potential of the first
node N1 is rapidly dropped to the second power voltage Voff
while only the fifth NMOS transistor NT5 is turned on since
a size of the fourth NMOS transistor NT4 is larger 2 times
than the fifth NMOS transistor NT5. Therefore, the first
NMOS transistor NT1 is turned off and the second NMOS
transistor NT2 is turned on, so that the gate driving signal
from the output terminal Gout(i) of the present stage is
dropped from the first power voltage Von to the second
power voltage Voff.
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Although the fourth NMOS transistor NT4 is turned off in
response to the gate driving signal outputted from the output
terminal Gout(i+1) of the next stage dropping to the second
power voltage Voff, the second node N2 maintains the first
power voltage Von through the sixth NMOS transistor NT6
and the first node N1 maintains the second power voltage
Voff through the fifth NMOS transistor NT5. Therefore, the
potential of the second node N2 may maintain the first power
voltage Von and prevent the second NMOS transistor NT2
from being turned off.

F1G. 24 is a waveform showing output signals of the first
gate driver in the case of applying the first power voltage to
the first power voltage input terminal of the second gate
driver shown in F1G. 20. F1G. 25 is a waveform showing
output signals of the first gate driver in the case of applying
the second power voltage to the first and second clock input
terminals of the second gate driver shown in F1G. 20.

Referring to F1G. 24, in the case of applying the first
power voltage Von to the input terminal for the first power
voltage Von of the second gate driver 170, the output
waveforms from respective stages of the first gate driver 160
are outputted in abnormal waveforms. As a result, the
display characteristics of the LCD apparatus are deterio-
rated.

As shown in FI1G. 25, in the case of applying the second
power voltage Voff to the input terminals for the first and
second clock signals CKV and CKVB of the second gate
driver 170, the voltage levels of the output waveforms from
respective stages of the first gate driver 160 are dropped. As
a result, the power consumption of the first gate driver 160
increases.

Thus, the input terminals for the first and second clock
signals CKV and CKVB of the second gate driver 170
receive the first power voltage Von and the input terminal for
the first power voltage Von of the second gate driver 170
receives the second power voltage Voff while the first gate
driver 160 is operated in the normal state.

According to the LCD apparatus, the clock generator
generates the first and second clock signals respectively
having a first period that determines the voltage level of the
gate driving signal and a second period that charges or
discharges the first and second clock signals and applies the
first and second clock signals to the gate driver so as to
control the pulse width of the gate driving signal. Therefore,
the gate driver may normally drive the gate lines corre-
sponding to the 1H frame, thereby improving the display
characteristics of the LCD apparatus.

Also, since the gate lines have the discharging transistor
connected to first ends thereof, the present stage may be
discharged before operating the next stage, thereby prevent-
ing the gate driving signal from being delayed.

Further, the gate lines include have the first gate driver
connected to first ends thereof and the second gate driver
connected to second ends thereof. The second gate driver
normally operates the gate lines while the first gate driver is
operated in abnormal state. Thus, although the first gate
driver is abnormally operated, the LCD apparatus may be
operated in normal state due to the second gate driver.

Although the exemplary embodiments of the present
invention have been described, it is to be understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.
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What is claimed is:

1. An LCD apparatus comprising:

a timing controller for outputting an image signal, a first
timing signal, a second timing signal and a clock
generating control signal in response to an external
signal;

a clock generator for generating first and second clock
signals having phases opposite to each other and con-
trolling the first and second clock signals to respec-
tively have a first predetermined voltage and a second
predetermined voltage during a first period and to be
charged or discharged during a second period;

a gate driver for sequentially outputting a gate driving
signal in response to the first timing signal, the first
clock signal and the second clock signal, wherein a
pulse width of the gate driving signal is reduced in
response to the first and second clock signals;

a data driver for outputting the image signal in response
to the second timing signal; and

an LCD panel having a plurality of data lines for receiving
the image signal, a plurality of gate lines for receiving
the gate driving signal, and a switching device con-
nected to the data and gate lines for outputting the
image signal in response to the gate driving signal.

2. The LCD apparatus of claim 1, wherein the first clock
signal comprises a first voltage during the first period and a
slope of a first polarity during the second period, and the
second clock signal comprises a second voltage having a
phase opposite to that of the first voltage during the first
period and a slope of a second polarity having a phase
opposite to that of the first polarity during th second period.

3. The LCD apparatus of claim 2, wherein the gate driving
signal from a first stage is discharged when a level of the
gate driving signal from a second stage is higher than that of
a predetermined voltage.

4. The LCD apparatus of claim 1, wherein the clock
generator comprises:

a voltage applying circuit for outputting the first and
second clock signals having a predetermined voltage
during the first period; and

a charging/discharging circuit for charging or discharging
the first and second clock signals so as to have respec-
tive slopes of first and second polarities during the
second periods when the voltage applying circuit is
turned off.

5. The LCD apparatus of claim 4, wherein the clock
generating control signal comprises a third period for turn-
ing on the voltage applying circuit, a fourth period for
turning on the charging/discharging circuit and a fifth period
for turning off the charging/discharging circuit.

6. The LCD apparatus of claim 1, wherein the clock
generating control signal comprises:

a gate clock signal (CPV) for controlling the first and
second clock signals so as to repeatedly have a high
period;

an enable signal (OE) for controlling gate driving signals
sucessively outputted from the gate driver so as to have
a phase difference each other; and
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a charging/discharging control signal (CHC) for control-
ling he charging and discharging of the first and second
clock signals.

7. The LCD apparatus of claim 6, wherein the clock

generator comprises:

a D-lip flop for receiving the first timing signal and
respectively outputting a first clock enable signal
(OCS) and a second clock enable signal (ECS) through
a first terminal and a second terminal thereof in
response to the OF signal;

a first voltage applying circuit for outputting the first
clock signal having a predetermined voltage during the
first period in response to the CPV, OE and OCS
signals;

a second voltage applying circuit for outputting the sec-
ond clock signal having a predetermined voltage during
the first period in response to the CPV. OE and ECS
signals; and

a charging/discharging circuit for receiving the CPV and
CHC signals and charging or discharging the first and
second clock signals so as to have respective slopes of
first and second polarities during the second periods
when the first arid second voltage applying circuits are
turned off.

8. The LCD apparatus of claim 7, wherein the first voltage

applying circuit comprises:

a first power voltage supplier for outputting a first power
voltage as the first clock signal in response to a high
period of the OCS signal; and

a second power voltage supplier for outputting a second
power voltage as the first clock signal in response to a
low period of the OCS signal.

9. The LCD apparatus of claim 7, wherein the second

voltage applying circuit comprises:

a first power voltage supplier for outputting a first power
voltage as the second clock signal in response to a high
period of the ECS signal; and

a second power voltage supplier for outputting a second
power voltage as the second clock signal in response to
a low period of the ECS signal.

10. The LCD apparatus of claim 7, wherein the charging/

discharging circuit comprises:

a clock charger for charging the first clock signal while
the second clock signal is discharged and charging the
second clock signal while the first clock signal is
discharged; and

a charging controller for turning on or off the clock
charger in response to the CPV and CHC signals and
controlling an operation time of the clock charger when
the first and second voltage applying circuits are turned
off.

11. The LCD apparatus of claim 1, wherein the switching

device is turned on during a time period corresponding to the
pulse width of the gate driving signal.
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