US20110227902A1

a9y United States

a2 Patent Application Publication (o) Pub. No.: US 2011/0227902 A1

MOON (43) Pub. Date: Sep. 22, 2011
(54) LIQUID CRYSTAL DISPLAY AND DRIVING Publication Classification
METHOD THEREOF (51) Tnt.CL
] G09G 3/36 (2006.01)
(75) lnventor: (SIEII{J)NG HWAN MOON, Seoul GO9G 5/00 (2006.01)
(52) US.CL .o, 345/212; 345/87
(73) Assignee: SAMSUNG ELECTRONICS (57) ABSTRACT
CO., LTD., Suwon-si (KR) A liquid crystal display and method for driving the liquid
. crystal display are provided. The liquid crystal display
(21)  Appl.No.: 12/853,642 includes a liquid crystal panel assembly including a plurality
) of gate lines, a plurality of data lines intersecting the gate
(22) Filed: Aug, 10, 2010 lines, a plurality of switching elements connected to the gate
lines and the data lines, a plurality of pixel electrodes con-
Related U.S. Application Data nected to the switching elements, and a reference electrode
(63) Continuation of application No. 11/685,345, filed on opposing the pixel f.:lectrodes,.a gate dnvqr folr applying gate
Mar 13. 2007 Pat. No. 7.796.105. Continuati signals to the gate lines fo activate the switching elements, a
0 fir. li;ation ’I\?(())VZ 1 /Z 0 6 70 2 g ’ ﬁleé orii’% (rmllgnuzaolooél data driver for applying data voltages that are be applied to the
ppb doned ’ C‘ L t.’ i lp ’ i ’ N ’ pixel electrodes to the data lines, and a reference voltage
11187; O’i’l 62?2 OIET d orﬁmua égn 2% 0 2app 1a ;)OIE NO. generator for generating first to third reference voltages to be
7900 1’02 » Hied on Jov. &, » flow tat. o respectively applied to first to third positions of the reference
T electrode, the first reference voltage being smaller than the
third reference voltage and the third reference voltage being
(30) Foreign Application Priority Data smaller than the second reference voltage, and the first posi-
tion being closer to the gate driver than the third position and
Nov. 26,2001 (KR) wovvoevvverrrras 10-2001-0073913  the third position being closer to the gate driver than the
Mar. 21,2002 (KR) ..o 10-2002-0015364 second position.
Veom(x!)  Vcom(x2)  Voom(x3)  Veom(x4)  Vcom(x5)
S0 J Y S 300
Nl
YL AR,
AT
AYATAH
TI-110
] [
) 2) 0 X1 x2 (G x3 D/ x4 X9



Patent Application Publication  Sep. 22,2011 Sheet 1 of 7 US 2011/0227902 A1

FIG.1

Veom(x!)  Veom(x2)  Veom(x3)  Vcom(x4) Veom(xh)
- 310 320 330 340
. 7 7 )

~300

210 2?0

\\

1110




Patent Application Publication  Sep. 22, 2011 Sheet 2 of 7 US 2011/0227902 A1
FIG.3
visealix)
Voorn2 4 .
/
vV i
Voltage com} gg%ual(x)
VK1 -
\Vk\(x)
Vk2 —
X1 x2 X3 x4 x5 -
Position
FIG.4
Voomy viSeal(y)
Veom2 [
///
Vcom1 4
Voltage actual X
oy | VRO
\\\\\\\\\\\\\ Vk(x)
Vi2 T
xl x2 5

Position



Patent Application Publication  Sep. 22, 2011 Sheet 3 of 7 US 2011/0227902 A1

2.0

L5 /-—~>Vcom1

40 / —Ycom
ch:’?:ée 35 //¥“* Vcom?2
30 e

25 F=

45 50 55 60 65
Voltage



Patent Application Publication  Sep. 22, 2011 Sheet 4 of 7 US 2011/0227902 A1

FIG.7
500
——d
AVDDO—F——— 1
! |
} OP1 N fjgo
T N ™
Vem2 0 } +\v1\ : Veom(xs) ; Rxs) :
v ] WV Vcom? |
s |
| | | Ruws |
AVSSO—-}——-————— ! 'com(x ) } R x2) }
| | — T —OVeom |
AVDDO—| | | 7000 |
| | | Rog
Vol o | \OPZ . | RD |
| oise ! Veom(a) ! B(ﬂ) Veom! '
| /V? > 1' : vwa—i Veom |
|
i I} i VoAt |
AVSSO——— | 3 0 i
_________________________ -
FIG.8
10V.
g
£ 54 ;
= N 1'\ = - :’\ AN - ¢
OV I I {
100us 150us 200us 250us 300us

O V(Vcom1) * V(veom2) v V(Veom)
Time



Patent Application Publication  Sep. 22, 2011 Sheet 5 of 7 US 2011/0227902 A1

FIG.9
8.0V
7.0V- ) )
6.0V-
8.0V
Eﬂ 40\/' - k o \\m |
= 30V S T
200
2 ° °
gh '
Ous 200us 30
0 Viveam) © V(para) "
Time
FIG.10
600
e YA
Il |
AVDDO-- H
. o2 7! i
i 1 I R “—I
Vem20- RN Vi) Ry |
! v,f/ | —wv—1V/com?2 ,
| v | J |
| { | Rixas) !
AVSSo-L Veont)| Rio) Veorn |
I' l : .J_ —QO Veom l
AVDDO— 0PI | | Ro N |
Vem! o— 4 BN v | D |
. V R !
| \\;,,L l, om(x1) I| (x1) Veomt |
T |
| ! | Voata |
| | ; !
. i |




Sep. 22, 2011 Sheet 6 of 7 US 2011/0227902 A1

Patent Application Publication

FIG.11

8.0V
¢
E 40V- - § - e ol
/ | /
[o)
oV . ; .
100us 150us 200us 250us 300us
a V(Vcom) 0 V(Vcom12) + V(VcomZ)
Time
FIG.12

3.0V

240V ’ ‘

2 g— = 8 =

OV T ] i
100us 150us 200us 250us 300us

o Viveom) o Vioata)
Time



Patent Application Publication  Sep. 22, 2011 Sheet 7 of 7 US 2011/0227902 A1

FIG.13
700
R
| |
AVDDO—lL CF:’:{
|
e | PPl s
B —m——
Vom2 0—— AN | Vet R Veord ,'
ST Wl T T
| R22 | ' Roes) ' ,"
AVSSo-L | Voong)| R ,'
| ' o T-—0OVoom,
AVDDO‘}‘-‘ OP1 11 I R 0D l'
Vem! o—— *V :Véom(xi): R i l]
; v ; 5 A\ Veomt f
i |
l,' {' l,' Voars |
AVESOt—e— | | 0 _f
FIG.14
10V
&
S8 by
> k\ j\
¥ .
oV . . ;
100us 150us 200us 250us éagus

0 Viveomt) © Viveoms) v Viveom)
Time



US 2011/0227902 A1l

LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. application Ser. No. 11/685,345, filed Mar. 13, 2007,
which is a continuation application of U.S. application Ser.
No. 11/406,728, filed Apr. 19, 2006, which is a continuation
application of U.S. application Ser. No. 10/303,652, filed
Nov. 25, 2002 which claims priority to and the benefit of
Korean Patent Application No. 2001-0073913 filed on Nov.
26, 2001 and Korean Patent Application No. 2002-0015364
filed on Mar. 21, 2002, all of which are incorporated by
reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the lnvention

[0003] The present invention relates to a liquid crystal dis-
play and a driving method thereof.

[0004] 2. Description of Related Art

[0005] Liquid crystal displays (“LCDs”) are widely used as
flat panel displays and include two panels provided with two
kinds of field-generating electrodes (e.g., a plurality of pixel
electrodes and one large planar reference electrode) on their
inner surfaces and a liquid crystal layer interposed between
the panels. A difference between the voltages applied to the
field-generating electrodes generates an electric field in the
liquid crystal layer and the orientations of liquid crystal mol-
ecules in the liquid crystal layer change depending on the
intensity of the electric field. The changing ofthe orientations
of the liquid crystal molecules alters the polarization of the
light passing through the liquid crystal layer, which results in
the variation of light transmittance by polarizers attached on
outer surfaces of the panels. Therefore, the light transmittance
can be controlled by adjusting the voltage difference between
the field-generating electrodes to change the intensity of the
electric field.

[0006] LCDs include a plurality of pixels arranged in a
matrix and a plurality of display signal lines for transferring
signals to the pixels. Each pixel includes a liquid crystal
capacitor and a switching element connected to the liquid
crystal capacitor and the display signal lines. The liquid crys-
tal capacitor includes two terminals and a liquid crystal
dielectric between the two terminals. The two terminals of the
liquid crystal capacitor are formed by the pixel electrode and
a portion of the reference electrode opposite the pixel elec-
trode. An example of the switching element is a thin film
transistor (“TFT”) having a control terminal and input and
output terminals.

[0007] The display signal lines include a plurality of gate
lines transmitting gate signals for turning on/off the switching
elements and a plurality of data lines transmitting data signals
to be applied to the pixel electrodes of the liquid crystal
capacitors. In detail, each switching element is connected to
one of the gate lines and one of the data lines such that the
switching element is turned on upon receipt of a gate-on
voltage of the gate signal to transfer the data signals from the
data line to the liquid crystal capacitor and the switching
element is turned off upon receipt of a gate-off voltage of the
gate signal not to transfer the data signals. The reference
electrode receives a predetermined voltage called a “refer-
ence voltage.”
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[0008] The direction of the electric field is repeatedly
reversed to prevent the electric and physical characteristics of
the liquid crystal layer from deteriorating due to the long-
term application of a unidirectional field. To reverse the direc-
tion of the electric field, the polarity of the data voltages
applied to the pixel electrode with respect to the reference
voltage applied to the reference electrode is periodically
reversed.

[0009] However, such polarity inversion brings an undesir-
able phenomenon called “flicker” that is a blinking of an
image-displaying screen. The flicker is resulted from the
reduction of the voltage of the reference electrode due to a
kickback voltage originated from the switching characteris-
tics of the switching element. The voltage drop of the refer-
ence electrode due to the kickback voltage is proportional to
a magnitude of the kickback voltage.

[0010] The magnitude of the kickback voltage depends
upon the position of the kickback voltage on the panels, which
shows drastic position dependency especially in a row direc-
tion, i.e., an extension direction of the gate lines. A difference
between the gate-on voltage and the gate-off voltage, which
determines the magnitude of the kickback voltage, varies
along the gate lines due to the delay of the gate signal. In
detail, the kickback voltage has the largest value at the posi-
tion at which the gate signal is applied, and itbecomes smaller
as it goes along the gate line because the signal delay of the
gate signal becomes larger.

[0011] One of the techniques for solving this problem is to
apply a plurality of reference voltages with different magni-
tudes to at least two points on the reference electrode.
[0012] For example, the magnitude difference of the kick-
back voltage along the gate line is compensated by applying
different reference voltages to two points of the reference
electrode, e.g., two opposite ends of the reference electrode in
the row direction.

[0013] The technique assumes that the voltage drop of the
kickback voltage shows linearity due to the delay of the gate
signal. However, since the actual kickback voltage shows
non-linearity, the technique is not effective.

[0014] Moreover, conventional techniques generally use a
variable resistor for adjusting the reference voltages applied
to the reference electrode. The adjustment of the resistance of
the variable resistor may affect a potential difference between
the two opposite end points of the reference electrode,
thereby making the flicker tuning difficult.

SUMMARY OF THE INVENTION

[0015] The present invention solves the problems of a con-
ventional liquid crystal display.

[0016] According to an aspect of the invention, a liquid
crystal display comprises a liquid crystal panel assembly
including a plurality of gate lines, a plurality of data lines
intersecting the gate lines, a plurality of switching elements
connected to the gate lines and the data lines, a plurality of
pixel electrodes connected to the switching elements, and a
reference electrode opposing the pixel electrodes; a gate
driver for applying gate signals to the gate lines to activate the
switching elements; a data driver applying data voltages that
are applied to the pixel electrodes to the data lines; and a
reference voltage generator for generating first to third refer-
ence voltages to be respectively applied to first to third posi-
tions of the reference electrode, wherein the first reference
voltage is smaller than the third reference voltage, the third
reference voltage is smaller than the second reference volt-
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age, the first position is closer to the gate driver than the third
position, and the third position is closer to the gate driver than
the second position.

[0017] Tt is preferable that a value of the third reference
voltage is identical to an average value of the first reference
voltage and the second reference voltage.

[0018] According to an embodiment of the present inven-
tion, the reference voltage generator comprises a first group
of resistors for dividing an external voltage; a transistor acti-
vated by a first divided voltage outputted from the first group
of resistors; a first capacitor for storing an output voltage of
the transistor and providing the stored voltage as the second
reference voltage; a group of diodes for dropping the output
voltage of the transistor; a second group of resistors for divid-
ing a voltage across the group of diodes; and an amplifier for
amplifying a second divided voltage outputted from the sec-
ond group of resistors and outputting an amplified voltage as
the first reference voltage, the amplifier including an inverting
terminal connected to the third position.

[0019] According to another embodiment of the present
invention, the reference voltage generator comprises a first
amplifier including a noninverting terminal for receiving a
first voltage, an inverting input terminal connected to the third
position of the reference electrode to provide the third refer-
ence voltage, and an output terminal, the first amplifier ampli-
fying the first voltage and outputting the amplified first volt-
age as the first reference voltage via the output terminal; and
a second amplifier including a noninverting terminal for
receiving a second voltage, an inverting input terminal and an
output terminal, the second amplifier amplifying the second
voltage and outputting the amplified second voltage as the
second reference voltage.

[0020] According to still another embodiment of the
present invention, the output of the first amplifier is connected
to the inverting input terminal of the second amplifier. The
reference voltage generator preferably further comprises a
second capacitor, connected between the output terminal of
the first amplifier and the inverting input terminal of the
second amplifier, for storing and outputting an output voltage
of the first amplifier to the inverting input terminal of the
second amplifier; and a fifth resistor connected to the nonin-
verting input terminal of the second amplifier. A time constant
of the fifth resistor and the second capacitor is identical to or
greater than about 1 hour (H) period.

[0021] The reference voltage generator still further com-
prises a sixth resistor connected to the inverting input termi-
nal of the second amplifier; and a seventh resistor connected
between the inverting input terminal of the second amplifier
and the output terminal of the second amplifier.

[0022] According to another aspect of the invention, a
method of driving a liquid crystal display comprises applying
data voltages to pixel electrodes via switching elements con-
nected to the pixel electrodes, the switching elements being
activated by a gate driver; and applying first to third reference
voltages to first to third positions of a reference electrode
opposing the pixel electrodes, wherein the first reference
voltage is smaller than the third reference voltage, the third
reference voltage is smaller than the second reference volt-
age, the first position is closer to the gate driver than the third
position, and the third position is closer to the gate driver than
the second position.

[0023] Tt is preferable that a value of the third reference
voltage is identical to an average value of the first reference
voltage and the second reference voltage.
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[0024] According to further aspect of the invention, a liquid
crystal display, comprises a liquid crystal panel assembly
comprising a plurality of pixel electrodes and a reference
electrode opposing the pixel electrodes, a gate driver for
driving a plurality of gate lines to activate a plurality of
switching elements connected to the pixel electrodes, a data
driver for driving a plurality of data lines to apply data volt-
ages to the pixel electrodes, and a reference voltage generator
for generating a plurality of reference voltages, the reference
voltages being applied to different positions of the reference
electrode, values of the reference voltages being increased as
the distance between where the reference voltages are applied
and where a gate signal is applied increases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other objects and advantages of the
present invention will become more apparent by describing
preferred embodiments thereof in detail with reference to the
accompanying drawings in which:

[0026] FIG. 1is a schematic diagram of an LCD according
to an embodiment of the present invention;

[0027] FIG. 2 is an equivalent circuit diagram of pixels of
an LCD according to an embodiment of the present invention;
[0028] FIG. 3 shows a graph illustrating a relationship of a
kickback voltage, an ideal voltage of a reference electrode for
compensating a position-dependent variation of the kickback
voltage, and an actual voltage of the reference electrode,
when reference voltages with different magnitudes are
applied to five points on a liquid crystal panel assembly,
according to an embodiment of the present invention;
[0029] FIG. 4 shows a graph illustrating a relationship of a
kickback voltage, an ideal voltage of a reference electrode,
and an actual voltage of the reference electrode, when refer-
ence voltages with different magnitudes are applied to three
points on a liquid crystal panel assembly, according to an
embodiment of the present invention;

[0030] FIG.5isacircuit diagram of an exemplary reference
voltage generation circuit according to an embodiment of the
present;

[0031] FIG. 6isa graph showing the voltages of a reference
electrode with respect to a resistance of a variable resistor of
the reference voltage generator shown in FIG. 5;

[0032] FIG.7isacircuitdiagram of an exemplary reference
voltage generation circuit according to another embodiment
of the present invention;

[0033] FIGS. 8 and 9 show waveforms of reference volt-
ages Vcom1, Veom?2 and Veom with respect to a data voltage
DATA in the LCD shown in FIG. 7;

[0034] FIG. 10 is a circuit diagram of an exemplary refer-
ence voltage generation circuit according to still another
embodiment of the present invention;

[0035] FIGS. 11 and 12 show waveforms of reference volt-
ages Veoml, Veom?2 and Veom with respect to a data voltage
DATA in the LCD shown in FIG. 10;

[0036] FIG. 13 is a circuit diagram of an exemplary refer-
ence voltage generation circuit according to far another
embodiment of the present invention; and

[0037] FIG. 14 shows the waveforms of the voltages
Vcoml, Veom2 and Veom in the LCD shown in FIG. 13.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0038] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
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ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Like numerals refer to like
elements throughout. It will be understood that when an ele-
ment such as alayer, film, region, substrate or panel is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly on”
another element, there are no intervening elements present.
[0039] Then, liquid crystal displays and driving methods
thereof according to embodiments of the present invention
will be described with reference to the drawings.

[0040] FIG. 1is a schematic diagram of an LCD according
to an embodiment of the present invention, and FIG. 2 is an
equivalent circuit diagram of a portion 110 of the LCD shown
in FIG. 1. Referring to FIG. 1, an LCD according to an
embodiment of the present invention includes a liquid crystal
panel assembly 100, a gate driver 200, and a data driver 300.
[0041] As shown in FIGS. 1 and 2, the liquid crystal panel
assembly 100 includes a plurality of gate lines G and data
lines D insulated from each other, each of the gate lines and
the data lines extending in transverse and longitudinal direc-
tions. The panel assembly 100 also includes a plurality of
pixels connected to the gate lines G and the data lines D and
arranged in a matrix. Each pixel includes a switching element
Qsuch as a TFT, a liquid crystal capacitor C; ., and a storage
capacitor Cg. The switching element Q has a control termi-
nal connected 1o one of the gate lines G, an input terminal
connected to one of the data lines D, and an output terminal
connected to the liquid crystal capacitor C, ~and the storage
capacitor Cgy. The liquid crystal capacitor C; . and the stor-
age capacitor Cgr are connected between the switching ele-
ment Q and a reference voltage Vcom.

[0042] According to an embodiment of the present inven-
tion, the liquid crystal panel assembly 100 includes a first
panel (not shown) provided with a plurality of pixel elec-
trodes (not shown), a second panel (not shown) provided with
a reference electrode (not shown) and a liquid crystal layer
(not shown) interposed therebetween.

[0043] 1In a structural view of the liquid crystal capacitor
C,c» apixel electrode and a reference electrode are first and
second terminals, and the liquid crystal layer therebetween is
adielectric material in the liquid crystal capacitor C; .. One or
more pixel electrodes are assigned to each pixel. and, since
the reference electrode occupies an entire area of the panel, all
the pixels commonly use the reference electrode as the second
terminal.

[0044] However, an exemplary embodiment of the present
invention may be applied to an LCD where both the reference
electrode and the pixel electrodes are provided on the same
panel. In this case, the reference electrode and the pixel elec-
trodes may have a bar shape or a stripe shape.

[0045]  As shown in FIG. 1, the gate driver 200 includes a
plurality of gate driving integrated circuits (“ICs”), e.g., two
ICs 210 and 220 connected to one ends of the gate lines G.
Each of the gate driving ICs 210 and 220 includes a shift
register (not shown), a level shifter (not shown), and a buffer
(not shown), etc. The data driver 300 includes a plurality of
data driving 1Cs, e.g., four ICs 310 to 340 connected to one
ends of the data lines D.

[0046] According to an embodiment of the present inven-
tion, a plurality of reference voltages with different values are
applied to a plurality of positions on the reference electrode of
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the liquid crystal panel assembly 100. The application posi-
tions of the reference voltages are spaced apart especially in
the transverse direction of the data lines. FIG. 1 shows five
application positions (x1 to x5), which are located from a left
end to a right end of the panel assembly 100 and each of the
application positions is located between the data driving ICs
310 to 340.

[0047] Thevalues ofthe applied reference voltages become
larger or the same as it goes farther from the gate driver 200 or
from a point at which the gate signal is applied. In the LCD
shown in FIG. 1, the relation between the reference voltages
is as follows:

Veom(x1)=Veom(x2) = Veom(x3) = Veom(x4) = Veom
(x5).

If the gate driver 200 is positioned on the right side of the
liquid crystal panel assembly 100, the relationship becomes:

Veom(x5)=Veom(x4) = Veom(x3) = Veom(x2)=Veom

(x1).

[0048] FIG. 3 shows a kickback voltage Vk(x), an ideal
voltage V., "“*“(x) of a reference electrode on a liquid crys-
tal panel assembly for compensating the position-dependent
variation of the kickback voltage, and an actual voltage V-
(%) of the reference electrode on a liquid crystal panel
assembly according to an embodiment of the present inven-
tion.

[0049] As shown in FIG. 3, akickback voltage Vk(x) of an
LCD exponentially (or logarithmically) decreases from X(1)
to X(5), due to resistances of the gate lines G and a RC time
constant caused by a parasitic capacitance. The voltage of the
reference electrode on the panel assembly 100 exponentially
(or logarithmically) increase from X(1) to X(5) to compen-
sate for the variation of the kickback voltage Vk(x). The
values Vcom1 and Veom?2 are determined by the values Vk1
and Vk2.

[0050] According to an embodiment of the invention, the
actual voltage of the reference electrode at a finite point is
adjusted to be equal to the ideal voltage at the point. Then, the
actual voltages of the reference electrode between the appli-
cation points linearly decrease or increase and thus the actual
voltages of the reference electrode are slightly different from
the ideal voltages of the reference electrode. The actual volt-
ages become closer to the ideal voltages as the number of the
application points is increased. The number of the application
points may be equal to or smaller than the number of the data
driver ICs plus one.

[0051] According to an exemplary embodiment of the
invention, three positions on the panel assembly 100 are
applied with different reference voltages. FIG. 4 shows a
kickback voltage Vk(x), an ideal voltage V., ®*(x) of a
reference electrode, and an actual voltage V_ “““*(x) of the
reference electrode when different reference voltages are
applied to three points of the panel assembly 100.

[0052] Since the kickback voltage Vk(x) and the ideal volt-
age V" *“(x) associated therewith increase logarithmi-
cally as shown in FIGS. 3 and 4, the variation of the ideal
voltage V__, “*“(x) of the reference electrode to the kickback
voltage Vk(x) becomes larger as it goes closer to a point
where a gate signal is applied on the panel assembly 100
(referred to as a “gate-start point” hereinafter). For instance,
as shown in FIG. 4, when a gate signal is applied to a point
(x1), three-point application of the reference voltages are a
gate-start point (x1), a gate finish point (x5) that is an end
point of a gate line, and a point (x2) nearest to the gate-start
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point (x1) among the above-described five positions shown in
FIG. 1. According to an embodiment of the present invention,
two different reference voltages Vcoml and Vecom2 are
respectively applied to the gate-start point (x1) and the gate-
finish point (x5), and another reference voltage having a value
of (Vcom1+Vcom2)/2, which is determined for simple con-
figuration of relevant circuits, is applied to a predetermined
point, for example, the point (x2), between the gate-start point
(x1) and the gate-finish point (x5).

[0053] FIG. 5 shows a reference voltage generation circuit
400 of an LCD for generating a plurality of reference volt-
ages, according to an embodiment of the present invention. In
FIG. 5, the liquid crystal panel assembly 100 is represented as
anedquivalent circuit associated with the voltage of areference
electrode.

[0054] As shown in FIG. 5, a reference voltage generation
circuit 400 according to an embodiment of the present inven-
tionincludes a first group of resistors including a third resistor
R3, a variable resistor RVR and a fourth resistor R4 that are
serially connected to an external voltage AVDD, a transistor
Q1 having a base connected to a node between the variable
resistor RVR and the third resistor R3 and a collector con-
nected to the external voltage AVDD, a group of diodes D1,
D2 and D3 connected in serial to an emitter of the transistor
Q1, a second resistor R2 serially connected between a cath-
ode of the diode D3 and a ground, a second group of resistors
including first and sixth resistors R1 and R6 connected in
serial across the diodes D1 to D3, an amplifier Al having a
noninverting input terminal (+) connected to a node between
the first and sixth resistors R1 and R6, an inverting input
terminal (-) and an output terminal, a seventh resistor Rf1
connected to the inverting input terminal (-) of the amplifier
Al, and a capacitor C1 connected to the first resistor R1. A
fifth resistor RS is connected to the node between the third
resistor R3 and the variable resistor RVR and a node between
the variable resistor RVR and the fourth resistor R4.

[0055] The liquid crystal panel assembly 100 comprises
first to third internal resistors R(x1), R(x2) and R(x5) that are
resistance paths from the reference voltage generation circuit
400 to three application points (x1, x2 and x5), respectively,
and fifth and fourth resistors R(x25) and R(x12) that are the
resistances of the reference electrode between the application
points (x2 and x5) and between (x1 and x2), respectively.

[0056] The output terminal of the amplifier A1, one termi-
nal of the resistance Rf1, and one terminal of the capacitor C1
are electrically connected to the application points (x1,x2 and
x3) on the panel assembly 100 via the first to third internal
resistors R(x1), R(x2) and R(x5).

[0057] Thevoltages Vcom1 and Veom?2 represent the volt-
ages applied to the application points (x1 and x5), respec-
tively, and are equal to the values of output voltages V'com
(x1) and V'com(x5) of the reference voltage generation
circuit 400 after voltage-dropped by the resistors R(x1) and
R(x5), respectively. Assume that the resistances of the first
and third internal resistors R(x1) and R(x5) are negligible, the
output voltages V'com(x1) and V'com(x5) are the same as the
voltages Veoml and Veom2, respectively. Accordingly,
V'com(x1) and Vecom1; and V'com(x5) and Veom?2 are not
considered to be distinct and are referred to as “reference
voltages” hereinafter unless it is necessary to distinguish
them. Likewise, V'com(x2) is also an output voltage of the
reference voltage generation circuit 400, and Vcom is the
voltage applied to the application point (x2).

Sep. 22,2011

[0058] The resistances in the reference voltage generation
circuit 400 are adjusted such that the reference voltage V'com
(x2) has a value substantially equal to (V'com(x1)}+V'com
(x5))/2.

[0059] The operation of the reference voltage generation
circuit 400 having above-described configuration according
to an embodiment of the present invention is now described in
detail.

[0060] Anexternal voltage AVDD is voltage-divided by the
first group of resistors R3, RVR and R4, and the transistor Q1
turns on when the divided voltage at the node between the
resistor R3 and the variable resistor RVR becomes equal to or
larger than a threshold voltage of the transistor Q1. Upon
turning on of the transistor Q1, the group of diodes D1-D3
and the second group of resistors R1 and R6 are biased with
the divided voltage, and the capacitor C1 is charged.

[0061] The potential difference across the group of diodes
D1, D2 and D3 is divided by the second group of resistors R1
and R6 and inputted to the noninverting input terminal (+) of
the amplifier Al. The amplifier A1 amplifies the voltage
inputted at the noninverting input terminal (+) and provides
the amplified voltage as the reference voltage V'com(x1) for
the gate-start point (x1) of the liquid crystal panel assembly
100. On the other hand, the voltage across the capacitor C1 is
outputted as the reference voltage V'com(x5) and inputted to
the gate-finish point (x5) of the liquid crystal panel assembly
100.

[0062] As described above, the reference voltages V'com
(x1) and V'com(x5) generated from the reference voltage
generation circuit 400 are voltage-dropped by the first and
third internal resistors R(x1) and R(x5) and applied to the
corresponding points (x1 and x5) of the liquid crystal panel
assembly 100. In this way, first and second voltages Vcom1
and Vcom?2 are applied to the gate-start point (x1) and the
gate-finish point (x5) of the reference electrode of the panel
assembly 100.

[0063] The voltage difference between the first and the
second voltages Vcom1 and Vecom?2 is divided by the fourth
internal resistor R(x12) between the application points (x1
and x2) and the fifth internal resistor R(x25) between the
application points (x2 and x5) of the panel assembly 100, and
the divided voltage is inputted to the inverting input terminal
(=) of the amplifier Al, and then, the voltage Vcom which
equals to (Vecom1+Vcom2)/2 can be applied to the point (x2)
of the reference electrode.

[0064] Here, the potential difference of Vcom2-(Vecom1+
Veom2)/2 is determined by a resistance ratio of the first and
sixth resistors R1 to R6. The first and the second voltages
Veoml and Vecom2 may be changed by adjusting the resis-
tance of the variable resistor RVR.

[0065] FIG. 6 shows the voltages Vcoml, Vcom2 and
Veom of a reference electrode at the points (x1, x2 and x5)
with respect to the resistance of the variable resistor RVR
shown in FIG. 5. In FIG. 6, a X -axis indicates the base voltage
of the transistor Q1, and a Y-axis indicates the voltage applied
to the reference electrode.

[0066] The voltages Vcoml, Veom and Veom?2 applied to
the points (x1, x2, and x5) of the liquid crystal panel assembly
100 increase as the output voltages of the capacitor C1 and the
amplifier Al increase proportional to the base voltage of the
transistor Q1, which is increased by varying the resistance of
the variable resistor RVR. In addition, the voltage difference
(Vecom2-Veom1) between the first and the second voltages
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Vceoml and Vecom2 is maintained at a constant value, irrel-
evant to the change of the base voltage of the transistor Q1.

[0067] According to the invention, it is possible to generate
a voltage Veom, at a predetermined position of the reference
electrode on the panel assembly 100, having an average value
ofthe voltages at the opposite ends of the panel assembly 100,
and to maintain a potential difference between the reference
voltages Vecom?2 and Vcoml at the two ends of the panel
assembly 100 at a constant value by adjusting the average
voltage Veom.

[0068] Resistances between any two points (for example,
x1 and x5) on the panel assembly 100 are substantially the
same, assumed that the size of the reference electrode is very
large and thus a sheet resistance is the same at any point on the
reference electrode. Therefore, it is possible to apply an aver-
age voltage value (Vcoml1+Vcom2)/2 to any point (e.g., X2,
x3 and x4) of the liquid crystal panel assembly 100, shown in
FIG. 2.

[0069] According to an embodiment of the present inven-
tion, since the voltage distribution on the reference electrode
is closer to the ideal voltage distribution in the view of the
flicker than the conventional voltage distribution showing the
linear voltage variation along a gate line, the flicker charac-
teristic may be improved.

[0070] In addition, the voltage difference between the
opposite ends of the reference electrode may be maintained,
and a time for adjusting a voltage may be reduced by using a
variable resistor. As a result, the productivity and display
characteristic of the LCD are improved.

[0071] FIG. 7 shows a reference voltage generation circuit
according to another embodiment of the present invention.

[0072] As shown in FIG. 7, a reference voltage generation
circuit 500 according to this embodiment of the present
invention includes a first amplifier OP1 and a second ampli-
fier OP2 that are biased with external voltages AVDD and
AVSS and have noninverting input terminals (+) for receiving
external voltages Vem1 and Vem2, respectively. A liquid
crystal panel assembly 100 is shown as an equivalent circuit
relevant to the reference voltages like the described embodi-
mentin FIG. 5 but further including a parasitic capacitor CDC
and a resistor RD representing the resistance on a data line.

[0073] Referring to FIG. 7, the output voltages of the first
and the second amplifiers OP1 and OP2 are respectively
applied to the gate-start point (x1) and the gate-finish point
(x5) on the liquid crystal panel assembly 100. The output of
the second amplifier OP2 is connected to the inverting input
terminal (-) thereof to provide negative feedback, and the
voltage Vcom of the point (x2) on the reference electrode,
which is equal to (Vcom1+Vcom2)/2, is returned to an invert-
ing input terminal (=) of the first amplifier OP1.

[0074] According to this embodiment, the first and the sec-
ond amplifiers OP1 and OP2 amplify the external voltages
Veml and Vem?2 to supply the first and the second voltages
Veom1 and Veom2 to the application points (x1 and x5) of the
panel assembly 100 through on-path resistors R(x1) and
R(x5). The voltage difference between the first and the second
voltages Veoml and Veom?2 is divided by the internal resis-
tors R(x12) and R(x25) between the application points (x1
and x2) and between the points (x2 and x5) and the divided
voltage is returned to the inverting input terminal (-) of the
first amplifier OP1, and simultaneously, the average voltage
(Vecoml1+Vcom?2)/2 is applied to an arbitrary point (x2) of the
panel assembly 100.
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[0075] According to this embodiment of the present inven-
tion, the first voltage Vcom1, the second voltage Vcom?2 and
the average voltage Vcom corresponding to (Vcoml+
Vcom?2)/2 are easily generated using the two amplifiers OP1
and OP2.

[0076] Moreover, even if the voltage of the reference elec-
trode, which is required to maintain its DC state, is coupled to
the data voltages of the data lines to yield the parasitic capaci-
tance CDC between the reference electrode and the data line,
the effect of the coupling capacitance between the voltages of
the reference electrode and the data voltage is decreased by
the feedback of the voltage of the reference electrode to the
first amplifier OP1 as described above.

[0077] FIG. 8 shows waveforms of the voltages Vcoml,
Veom?2 and Veom in presence of a data voltage, and FIG. 9
shows waveforms of the voltage Vcom and the data voltage.
[0078] As showninFIGS. 8 and 9, the voltage Vcoml1 at the
application point (x1) of the reference electrode (or the output
voltage V'com(x1) of the first amplifier OP1) steeply varies,
especially, at near a rising edge or a falling edge of a data
voltageV ,, r.;, due to the coupling capacitance with the data
voltage DATA, while the voltage Vcom?2 at the application
point (x2) (or the output voltage V'com(x5) of the second
amplifier OP2) remains constant. Accordingly, the voltage
Veom at the application point (x2) also steeply varies at near
the rising or the falling edge of the data voltage V1, ;4. The
steep variation of the output voltage V'com(x1) is resulted
from the feedback of the voltage Vcom of the reference elec-
trode, which is affected by the data voltage V. 5, ,14), and from
the relatively small magnitude of the output voltage V'com
(x1).

[0079] FIG.10shows a reference voltage generation circuit
according to still another embodiment of the present inven-
tion, FIG. 11 shows waveforms of the voltages Vcoml,
Veom?2 and Veom in presence of a data voltage, and FIG. 12
shows waveforms of the voltage Vcom and the data voltage.
[0080] As shown in FIG. 10, a configuration of a reference
voltage generation circuit 600 according to this embodiment
of the present invention is substantially the same as that of the
reference voltage generating circuit 500 shown in FIG. 7
except that the output of the first amplifier OP1 is connected
to the noninverting input terminal (+) of the second amplifier
OP2. For instance, a capacitor CF is connected between the
output terminal of the first amplifier OP1 and the noninverting
input terminal (+) of the second amplifier OP2, a resistor RS
is connected to the noninverting input terminal (+) of the
second amplifier OP2 parallel to the capacitor CF.

[0081] Accordingto this embodiment, the output of the first
amplifier OP1 is coupled with the stable external voltage
Vem?2 via the capacitor CF and then provided for the refer-
ence electrode. Accordingly, the variation of the output of the
first amplifier OA1 may be reduced as shown in FIG. 11.
[0082] Furthermore, the output voltage of the first amplifier
OP1 as well as the voltage Vem2 is provided for the nonin-
verting terminal (+) of the second amplifier OP2. Thus, the
output voltage of the second amplifier OP2 varies depending
on the output voltage of the first amplifier OP1 as shown in
FIG. 11. The resembled variations of the output voltages of
the first and the second amplifiers OP1 and OP2 make the
average voltage Vcom of the reference electrode as shown in
FIGS. 11 and 12, since the average voltage Vcom has a value
depending on the average value of the two output voltages.
[0083] FIG. 13 shows a reference voltage generation circuit
according to further embodiment of the present invention.
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[0084] As shown in FIG. 13, a configuration of a reference
voltage generation circuit 700 according to this embodiment
is substantially the same as that of the reference voltage
generator 600 shown in FIG. 10 except that the negative
feedback of the second amplifier OP2 is made via a feedback
resistor R22 and an input resistor R11 is connected between
the inverting input terminal (<) of the second amplifier OP2
and the external voltage Vem?2.

[0085] The output of the second amplifier OP2 is deter-
mined by a ratio of the resistances of the resistors R22 and

R11. That is, neglecting the voltage drop across a capacitor
CF,

Veom(x3)=V"com(x1)x(1+R11/R22).

[0086] FIG. 14 shows waveforms of the voltages Vcoml,
Vceom?2 and Veom in presence of a data voltage according to
this embodiment of the present invention. The curves shown
in FIG. 14 are obtained by making R11=R22, and the output
voltage of the second amplifier OP2 is twice that of the first
amplifier OP1 when neglecting the voltage drop across the
capacitor CF. This indicates that the output voltage of the first
amplifier OP1 may be controlled by the resistance ratio of the
resistors R11 to R22. In particular, an output voltage of the
first amplifier OP1 may be compensated with a higher output
voltage of the second amplifier OP2 by controlling the resis-
tance ratio of resistors R11 to R22.

[0087] According to embodiments of the invention, a ref-
erence voltage may be stabilized even if the amplitudes of
data voltages are drastically changed.

[0088] As described above, the present invention may
reduce the flicker by compensating a position-dependency of
a kickback voltage. The kickback voltage is compensated by
applying a plurality of different reference voltages, each hav-
ing a different level, to a plurality of points of a reference
electrode of the liquid crystal panel assembly. The number of
points where the reference voltages are applied may depend
on the number of a data driver.

[0089] Moreover, according to embodiments ofthe present
invention, the number of the different reference voltages
applied to the reference electrode of an LCD as well as the
flicker due to the position dependency of the kickback voltage
is reduced by the application of two reference voltages of
different levels to a first area close to a gate driver and a
second area far from the gate driver, and by the application of
an average voltage of the two reference voltages to any
selected third area located between the two areas.

[0090] In addition, according to embodiments of the
present invention, since the reference voltage may be stabi-
lized against various amplitudes of data voltages, crosstalk
and flicker characteristics are much improved.

[0091] While this invention has been described in connec-
tion with what is presently considered to be the most practical
and preferred embodiment, it is to be understood that the
invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
ofthe appended claims. The use of the terms first, second, etc.
do not denote any order or importance, but rather the terms
first, second etc. are used to distinguish one element from
another and do not designate a quantity of elements.
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What is claimed is:

1.-20. (canceled)

21. A Tliquid crystal display, comprising:

a liquid crystal panel assembly including a gate line, a data
line intersecting the gate line, a switching element con-
nected to the gate line and the data line, a pixel electrode
connected to the switching element, and a reference
electrode opposing the pixel electrode;

a gate driver for applying a gate signal to the gate line to
activate the switching element;

a data driver for applying a data voltage that is applied to
the pixel electrode to the data line; and

areference voltage generator for generating atleast three or
more reference voltages to be respectively applied to at
least three or more positions of the reference electrode,

wherein the farther a position is disposed from the gate
driver, the higher reference voltage is applied to the
position.

22. The liquid crystal display of claim 21, wherein

the reference voltages are determined by kickback voltage
values.

23. The liquid crystal display of claim 22, wherein

the positions comprise a first position, a second position,
and a third position;

the first position is closer to the gate driver than the third
position;

the third position is closer to the gate driver than the second
position;

the reference voltages comprise a first reference voltage, a
second reference voltage, and a third reference voltage
to be respectively applied to the first position, the second
position, and the third position; and

a difference between the first reference voltage and the
third reference voltage is different from a difference
between the third reference voltage and the second ref-
erence voltage.

24. The liquid crystal display of claim 21, wherein

the positions comprise a first position, a second position,
and a third position;

the first position is closer to the gate driver than the third
position;

the third position is closer to the gate driver than the second
position; and

the third position is closer to the first position than the
second position.

25. The liquid crystal display of claim 24, wherein

the reference voltages comprise a first reference voltage, a
second reference voltage, and a third reference voltage
to be respectively applied to the first position, the second
position, and the third position; and

the third reference voltage is between the first reference
voltage and the second reference voltage.

26. The liquid crystal display of claim 21, wherein

the number of the positions is equal to or less than the
number of the data driver plus one.

27. The liquid crystal display of claim 21, wherein the

reference voltage generator comprises:

a first group of resistors for dividing an external voltage;

a transistor activated by a first divided voltage outputted
from the first group of resistors;

a first capacitor for storing an output voltage of the transis-
tor and providing the stored voltage as the second refer-
ence voltage;



US 2011/0227902 A1l

a group of diodes for dropplug the output voltage of the
transistor; a second group of resistors for dividing a
voltage across the group of diodes; and

an amplifier for amplifying a second divided voltage out-
putted from the second group of registors and outputting
an amplified voltage as the first reference voltage, the
amplifier including an inverting terminal connected to
the third position of the reference electrode provide the
third reference voltage for the third position.

28. The liquid crystal display of claim 21, wherein the
reference voltage generator comprises:

a first amplifier including a noninverting terminal for
receiving a first voltage, an inverting input terminal con-
nected to the third position of the reference electrode to
provide the third reference voltage, and an output termi-
nal, the first amplifier amplifying the first voltage and
outputting the amplified first voltage as to first reference
voltage via the output terminal; and

a second amplifier including a noninverting terminal for
receiving a second voltage, an inverting input terminal
and an output terminal, the second amplifier amplifying
the second voltage and outputting the amplified second
voltage as the second reference voltage.

29. The liquid crystal display of claim 28, wherein the

reference voltage generator further comprises:

a capacitor, connected between the output terminal of the
firstamplifier and the non-inverting input terminal of the
second amplifier, for storing and outputting an output
voltage of the first amplifier to the non-inverting input
terminal of the second amplifier; and

afirstresistor connected to the non-inverting input terminal
of the second amplifier.
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30. The liquid crystal display of claim 29, wherein

atime constant ofthe first resistor and the capacitor is same
to or greater than about 1 horizontal period.

31. The liquid crystal display of claim 29, wherein the

reference voltage generator further comprises:

a second resistor connected to the inverting input terminal
of the second amplifier; and

a third resistor connected between the inverting input ter-
minal of the second amplifier and the output terminal of
the second amplifier.

32. The liquid crystal display of claim 31, wherein

an output of the first amplifier is controlled by a resistance
ratio of the second resistor to the third resistor.

33. The liquid crystal display of claim 21, wherein

the reference voltages are determined by kickback voltage
values;

the positions comprise a first position, a second position,
and a third position;

the first position is closer to the gate driver than the third
position;

the third position is closer to the gate driver than the second
position; and

the third position is closer to the first position than the
second position.

34. The liquid crystal display of claim 33, wherein

the reference voltages comprise a first reference voltage, a
second reference voltage, and a third reference voltage
to be respectively applied to the first position, the second
position, and the third position; and

the third reference voltage is between the first reference
voltage and the second reference voltage.

35. The liquid crystal display of claim 34, wherein

the number of the positions is equal to or less than the
number of the data driver plus one.
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