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(57) ABSTRACT

A display apparatus includes a plurality of pixels. Each pixel
includes a first capacitor connected between a first voltage
line receiving a driving signal and a first node; a first
transistor comprising a control electrode connected to the
first node, a first electrode connected to a second voltage line
receiving a first power source signal, and a second electrode
connected to a second node; an organic light emitting diode
comprising an anode electrode connected to the second node
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electrode connected to the first node, and a second electrode
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ELVDD
(ELVDDW)  DATA
LV )
ELVODH Ty o ]
U

A | DL
Cst ) |
| N .
]: ELYDDL#Ven{T1+ AV
GH(n) O~ HINE: o
L Vit * ]
(VGL) GiLn o
L——-.Nz
Vinit o L
{ ¥ | N
(VRES) VL - |
t fIiOLED
Gl{n)o 7
{VGL) ELVSS



US 2018/0166010 A1

Jun. 14,2018 Sheet 9 of 19

Patent Application Publication

. 0B

F1G

1 FRAVNE

d

e T
aon G o
oy £
e
N
Lid il

o ot A W A 8 AR

§

S

1.
|

b it i e

1
1
i

LY

3
ok
AR N e e kv 2,

IR OSSO lml.l(l

VoD

EL

§ i
¥ i
: t
£
b
i
]
¢
H ’
i
.

ELVSS

. r./:w.ﬂxvhw.uv/ur... Y i

e

ok

H..m i v g )
S 4

; -

w P

i
3

(N)

‘5‘Vdaia

f
¢

Vdatall) Vdatal



Patent Application Publication  Jun. 14,2018 Sheet 10 of 19  US 2018/0166010 A1

FIG. 7A

ELVDD
(ELVDDH) DATA
- Q

ELVODLHh 1ty oom
A DL
Cst
4 —
i
VRES(ELYDDLHVth AVG, T1)
‘Gw(ﬂ) o— " Jgil T2 ,/'“‘ it
(VGL) GHLn Glp;r
NZ
Vinit o— EEJ
{4 ‘ 3
{ VRES) " \
7 OLED
61(n) o e -
VGH) ELVSS



US 2018/0166010 A1

Jun. 14,2018 Sheet 11 of 19

Patent Application Publication

/B

*

F1G

1 FRAME

al

ELVDDL

Lot e s i e

i
{
{

=

)
W

e L it

e
i
i
1

Gi{n)




Patent Application Publication  Jun. 14,2018 Sheet 12 of 19  US 2018/0166010 A1

F1G. 8A

ELVDD -
(ELVDDH)  (Vdata(n})
) w o
r+ B A\z’{i\fi‘u& \/LE,,:’r
A\ | DL
Cst :
N1 b=
i 1T
Gi(n) o1 [ T2 "
(VGH) Sl C!;:is’
N2
Vinil ot “jTBF*
1Y nTatnd } band
WRES) (4 T
SZOLED
Gi{n}o T

&Y i ___—‘
(VGL) ailn ELVSS



US 2018/0166010 A1

Jun. 14,2018 Sheet 13 of 19

Patent Application Publication

FIG. 8B

FRAME

1

ELVDDH
+-- ELVDDL

}i
3

3

SN
R

s g
o
T

i e om0 1 e i o

Vdata(1) Vdata(n) Vdata(N)



Patent Application Publication  Jun. 14,2018 Sheet 14 of 19  US 2018/0166010 A1

FI1G. OA

ELVDD |
(ELVDDH) {Vref)
-1 G

r+B AVaatar AVinit o -
N\ ~-DLm
Cst !
N1 .
| | [T
GH(n) o () dh ”E:—, 12 § ¥
VEL) ot 1 1
N2
Vinito 0 “ETB} E
{initH) VL i,i ;
10157 OLED
{ L
(VaL) Giln ELVSS



US 2018/0166010 A1

Jun. 14,2018 Sheet 15 of 19

Patent Application Publication

. 9B

F1G

1 FRAME




US 2018/0166010 A1

.10
1 FRAME

F1G

Jun. 14,2018 Sheet 16 of 19

o T+ in e
2y s ad T B s O S T s s T T od - £13 @
I . S LA S [ e [ R S0 B AL TS A TR i R s = g m oy
Lhd tad bt = > e - T = = = = - T e
) v ¥ i
; ; ] w : ; i e
L S DR S SR SO Y I SO S S S LA I D ——— -
H ; | : ! 1
5 i 4 i
H H i i : !
L ! . ; m !
. ! { i i i 1
b =z B Lo - -~ - o e H =%
T T e i T ! ot - i ¢ ! 1
bt i ¢ : H i
P : ; . : i
[ H
y ! § 1 1 s i
3 i § ! ” M H
kS
S O, RN SEPN. SR SIS ST ..zi.:.m... ] ‘s%.mli.ll e SR AL -
M , m ;
SO SRR SO, b s e e e e o i S e i i g e s It ST St
} i
i +
?w sssss S i ,..Mt}l ;;;;;;;; [ NS PR DU SR
4 i : 3t "
| = e . e § e L0 H
i : i - ;
: i ! b7 1
sssssssss B s i s R T e S -
.m..,,w { 3
i L 3 iR 3
FRSSINTRE: KU SN RSN S s S B S S et *
] 4
s P ... b o IS CRTR g {
s !
g
i

¥
3
g

o e i ok i 05 S E!:X?!!l‘iifi%iliitiﬁ!te‘!Si:iifd}i?il!t?}f!i%:i:ﬂ€<
| - N |
; . s o H ]
= 3

£
i
£
i

Patent Application Publication

Sl i

DATA

e
w e st s e e [ 3 n e e e . g S
: ; T I
: i i 3
i H i
¥ ¥ i H
L. Su v ] i :
H i i
: L L T RS DU SR T
g o R i s 0 O S o T e L e T o s Qe e S T e M{\”/l&v,l-\\-luli.flmi\li.!l T
e o
I..i\. ol
== ==
[ faind

ELVDD ~
V.



Patent Application Publication  Jun. 14,2018 Sheet 17 of 19  US 2018/0166010 A1

FIG. 11

ELVDD |
(ELVODH) DA{EA

YD Ve ‘
ELVDDL . VLZ{
A DLm
Cat }
{1 N1 T T1
H .
| ELVDDLHV i T1+ AV
() 01— e |
GW ‘i"} i - “{ v
(VaL) 5 7 1
N2
Vinito— 3T3f
(VRES) /. =
/7 OLED
Gl{n)o

v ) e
(VGL) alLn ELVSS



US 2018/0166010 A1

Jun. 14,2018 Sheet 18 of 19

Patent Application Publication

2

.

F1G

FRAME

1

Sy

[

v
!
i
j
s
¢
¢
4
+
L

4-- VGH

H
H
i

VGL
YGH
VGL
YGH

e o B v e e

s,

o g s e e S e e

i
D
A

Pt

11

33
1
3
it

FR 4
E . ;
}h*.L%Aﬂﬁuéwngm

o e e et v

llllllllll . li{wk:‘ e

H
i N
L et i o s k] Lk e e i B
¥
1

B Tt

i s s o, e e

i
i

VGL
- VGH

e o e o Ay

1
f
]
1
i
i
1
i
i
LY
i
t
f
¥
t
=
i
V
H
! i
H
H
3
i
§
]
j
E
i
§
i
]
¢
S 31
T
f
e s s e

SRR A

O R A

R4S

g e iy o s,

o e s s . s A Ot o
H
3
i = 1

o e o o s o i B L e 50, s i, i i s s 8 st o, e et i

§

V6L

V6L

-

—
&
H
{

e e sy om i v e e o e e e e e e e e e

o,

A

&
i

nit

VRES
Vref

i ] i e o o i

H
t

¥

i o i i

Vdata(1) Vdata(n) Vdata(N)



Patent Application Publication  Jun. 14,2018 Sheet 19 of 19  US 2018/0166010 A1

FIG. 13

ELVDD
(ELVDDH)  (Vref)

r+ 8 AVdata VLQ{
h —DLn
Cst | |
H R e ¥
' ELVDDL#Vn T 14 AV
GW{H} o b “" g.: 12 fﬁ
(VL) ) i p——tp—
GWLD‘ Cpr
N2
Vinit o EI
(VRES) "
Y/ OLED
Gl (n) o % ne
{VGH) ELYSS



US 2018/0166010 A1

DISPLAY APPARATUS AND METHOD OF
DRIVING THE SAME

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2016-0169615
filed on Dec. 13, 2016, which is hereby incorporated by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] Exemplary embodiments of the present disclosure
relate to a display apparatus and a method of driving the
display apparatus. More particularly, example embodiments
of the present disclosure relate to a display apparatus for
improving a display quality and a method of driving the
display apparatus.

2. Description of the Related Art

[0003] Recently, various flat panel display devices that
have weight and size advantages over conventional display
devices such as Cathode Ray Tube (CRT) have been devel-
oped. Examples of the flat panel display devices include a
liquid crystal display (LCD) device, a field emission display
(FED) device, a plasma display panel (PDP), and an organic
light emitting display (OLED) device.

[0004] The OLED device has advantages such as a rapid
response speed and low power consumption because the
OLED device uses an organic light emitting diode that emits
a light based on recombination of electrons and holes.

BRIEF SUMMARY OF THE INVENTION

[0005] Exemplary embodiments of the inventive concept
provide a display apparatus for improving a display quality.
[0006] Exemplary embodiments of the inventive concept
provide a method of driving the display apparatus.

[0007] According to an exemplary embodiment of the
inventive concept, a display apparatus includes a gate driver,
a scan driver, and a display part including a plurality of
pixel. Bach pixel includes a first capacitor connected
between a first voltage line receiving a driving signal and a
first node; a first transistor comprising a control electrode
connected to the first node, a first electrode connected to a
second voltage line receiving a first power source signal. and
a second electrode connected to a second node; an organic
light emitting diode comprising an anode electrode con-
nected to the second node and a cathode electrode receiving
a second power source signal; a second capacitor connected
between an m-th data line and the second node; a second
transistor comprising a control electrode connected to an
n-th gate line, a first electrode connected to the first node,
and a second electrode connected to the second node; and a
third transistor comprising a control electrode connected to
an n-th scan line, a first electrode connected to the first
voltage line, and a second electrode connected to the second
node. The gate driver is configured to provide a plurality of
gate lines in the display part with a gate signal including a
first level voltage and a second level voltage, and the gate
driver is configured to provide the n-th gate line with the first
level voltage of the gate signal during an n-th horizontal
period of a frame; The scan driver is configured to provide
a plurality of scan lines in the display part with a scan signal
including a first level voltage and a second level voltage, and
the scan driver is configured to provide the n-th scan line
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with the first level voltage of the scan signal during a first
reset period of the frame prior to the n-th horizontal period
of the frame.

[0008] In an exemplary embodiment, during a first period
of the frame, the first voltage line may be configured to
receive a second level voltage of the driving signal, the
second voltage line may be configured to receive a first level
voltage of the first power source signal, the plurality of gate
lines may be configured to receive the first level voltage of
the gate signal turning on the second transistor of the
plurality of pixels, simultaneously, and the plurality of scan
lines may be configured to receive the first level voltage of
the scan signal turning on the third transistor of the plurality
of pixels, simultaneously.

[0009] In an exemplary embodiment, during a second
period of the frame, the first voltage line may be configured
to receive the second level voltage of the driving signal
during an early part of the second period and to receive a
reset voltage that is different from the second level voltage
of the driving signal during a latter part of the second period,
the second voltage line may be configured to receive a
second level voltage of the first power source signal, the
plurality of gate lines may be configured to receive the first
level voltage of the gate signal turning on the second
transistor of the plurality of pixels, simultaneously, and the
plurality of scan lines is configured to receive the second
level voltage of the scan signal turning off the third transistor
of the plurality of pixels, simultaneously.

[0010] In an exemplary embodiment, the second level
voltage of the first power source signal may be lower than
the second level voltage of the driving signal.

[0011] In an exemplary embodiment, a third period of the
frame may include the first reset period in which the first
voltage line is configured to receive the reset voltage, the
n-th scan line is configured to receive the first level voltage
of the scan signal, and the n-th gate line is configured to
receive the second level voltage of the gate signal turning off
the second transistor.

[0012] In an exemplary embodiment, the first reset period
may include at least one horizontal period.

[0013] In an exemplary embodiment, the third period of
the frame may include a first holding period prior to the first
reset period in which the first voltage line is configured to
receive the reset voltage, the n-th scan line is configured to
receive the second level voltage of the scan signal and the
n-th gate line is configured to receive the second level
voltage of the gate signal.

[0014] In an exemplary embodiment, the third period of
the frame may further include a writing period correspond-
ing to the n-th horizontal period after the first reset period in
which the first voltage line is configured to receive the reset
voltage, the n-th scan line is configured to receive the second
level voltage of the scan signal, the n-th gate line is
configured to receive the first level voltage of the gate signal,
and the m-th data line is configured to receive a data voltage.
[0015] In an exemplary embodiment, during the n-th hori-
zontal period, the first and second capacitors may be con-
nected to each other in series, the data voltage may be
divided by the first and second capacitors, and a divided data
voltage may be applied to the first node.

[0016] In an exemplary embodiment, the third period of
the frame may further include a second holding period
placed after the writing period in which the first voltage line
is configured to receive the reset voltage, the n-th scan line
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is configured to receive the second level voltage of the scan
signal and the n-th gate line is configured to receive the
second level voltage of the gate signal.

[0017] In an exemplary embodiment, during the third
period, the second voltage line may be configured to receive
the first level voltage of the first power source signal.
[0018] In an exemplary embodiment, during a fourth
period of the frame, the first voltage line may be configured
to receive a first level voltage of the driving signal that is
higher than the second level voltage of the driving signal, the
second voltage line may be configured to receive the first
level voltage of the first power source signal, the plurality of
gate lines may be configured to receive the second level
voltage of the gate signal, simultaneously, and the plurality
of scan lines may be configured to receive the second level
voltage of the scan signal, simultaneously, and wherein the
first transistor may be turned on by a difference voltage
between the first and second level voltages of the driving
signal, and a driving current corresponding to a data voltage
applied to the first node may flow in the organic light
emitting diode.

[0019] In an exemplary embodiment, the frame may fur-
ther include a second reset period placed between the second
holding period and the fourth period in which the first
voltage line is configured to receive the reset voltage, the
plurality of scan lines corresponding to a plurality of hori-
zontal lines is configured to receive the first level voltage of
the scan signal, simultaneously, and the plurality of gate
signals may be configured to receive the second level
voltage of the gate signal, simultaneously.

[0020] In an exemplary embodiment, during the third
period of the frame, the second voltage line may be config-
ured to receive a middle voltage between the first and second
level voltages of the first power source signal.

[0021] According to an exemplary embodiment of the
present disclosure, a method of driving a display apparatus
that includes a pixel circuit driving an organic light emitting
diode includes applying a second level voltage of a driving
signal to a first voltage line to initialize an anode electrode
of the organic light emitting diode that is connected to a
second electrode of a first transistor, applying a second level
voltage of a first power source signal to a first electrode of
the first transistor to render the first transistor to be diode-
connected, resetting the anode electrode of the organic light
emitting diode using a reset voltage applied to the first
voltage line during at least one horizontal period prior to an
n-th horizontal period, applying a data voltage divided by a
first capacitor and a second capacitor to a control electrode
of the first transistor during the n-th horizontal period, and
driving the organic light emitting diode to emit light based
on the data voltage applied to the control electrode of the
first transistor in response to a first level voltage of the
driving signal applied to the first voltage line.

[0022] In an exemplary embodiment, the driving the
organic light emitting diode may include applying a first
level voltage of the first power source signal to the first
electrode of the first transistor.

[0023] In an exemplary embodiment, each of the resetting
the anode electrode and applying the data voltage may
include applying the first level voltage of the first power
source signal to the first electrode of the first transistor.
[0024] In an exemplary embodiment, each of the resetting
the anode electrode and applying the data voltage may
include applying a middle voltage between the first and
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second level voltages of the first power source signal to the
first electrode of the first transistor.

[0025] In an exemplary embodiment, the reset voltage
may correspond to a sum voltage of the second level voltage
of the first power source signal and an average threshold
voltage of a plurality of first transistors in a plurality of pixel
circuits.

[0026] In an exemplary embodiment, the method may
further include resetting the anode electrode of the organic
light emitting diode using the reset voltage applied to the
first voltage line between the applying the data voltage and
the driving the organic light emitting diode.

[0027] According to the present disclosure, in the pixel
circuit including three transistors and two capacitors that
drive the organic light emitting diode, a voltage applied to
the anode electrode of the organic light emitting diode is
reset to the reset voltage to decrease or eliminate display
defects.

BRIEF DESCRIPTION OF THE DROWINGS

[0028] The above and other features and advantages of the
present disclosure will become more apparent by describing
in detailed exemplary embodiments thereof with reference
to the accompanying drawings, in which:

[0029] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment;

[0030] FIG. 2 is a circuit diagram illustrating a pixel
circuit according to an exemplary embodiment;

[0031] FIG. 3 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment;

[0032] FIGS. 4A and 4B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0033] FIGS. 5A and 5B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0034] FIGS. 6A and 6B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0035] FIGS. 7A and 7B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0036] FIGS. 8A and 8B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0037] FIGS. 9A and 9B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment;

[0038] FIG. 10 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment;

[0039] FIG. 11 is a conceptual diagram illustrating a
method of driving the pixel circuit according to an exem-
plary embodiment;

[0040] FIG. 12 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment; and

[0041] FIG. 13 is a conceptual diagram illustrating a
method of driving the pixel circuit according to an exem-
plary embodiment;
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DETAILED DESCRIPTION OF THE
INVENTION

[0042] Hereinafter, the inventive concept will be
explained in detail with reference to the accompanying
drawings.

[0043] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment.

[0044] Referring to FIG. 1, the display apparatus may
include a controller 100, a display part 110, a data driver
130, a gate driver 150, a scan driver 160, and a voltage
generator 170.

[0045] The controller 100 may be configured to generally
control the display apparatus to display an image on the
display part 110. The controller 100 is configured to receive
a control signal 101¢ and image data 101d. The controller
100 is configured to provide the data driver 130 with a first
control signal 103¢ and the image data 1034 to drive the data
driver 130. The controller 100 is configured to provide the
gate driver 150 with a second control signal 105¢ to drive the
gate driver 150. The controller 100 is configured to provide
the scan driver 160 with a third control signal 106¢ to drive
the scan driver 160. The controller 100 is configured to
provide the voltage generator 170 with a fourth control
signal 107¢ to drive the voltage generator 170.

[0046] The controller 100 is configured to drive the dis-
play part 110 during a frame period which may include an
initializing period, a compensating period, a data-program-
ming period, and a light-emitting period. According to the
exemplary embodiment, the data-programming period may
include a reset period in which an anode electrode of an
organic light emitting diode may be reset.

[0047] The display part 110 may include a plurality of
pixels P, a plurality of data lines DL1, ..., DLm, ..., DLM,
a plurality of gate lines GWLI, . .., GWLn, ..., GWLN,
a plurality of first voltage lines VL1, a plurality of second
voltage lines VL2 and a plurality of scan lines GIL1, . . .,

GILn, . . ., GILN (wherein, n, N, m and M are natural
number).
[0048] Each of the plurality of pixels P may include an

organic light emitting diode and a pixel circuit PC that
includes a plurality of transistors (e.g., three transistors) and
a plurality of capacitors (e.g., two capacitors) to drive the
organic light emitting diode.

[0049] The data lines DL1, . .., DLm, ..., DLM may
respectively extend in a first direction D1 and be arranged in
a second direction D2 crossing the first direction D1. Each
data line DLm is configured to transfer a data voltage to
pixels P that are arranged in the same pixel-column in the
first direction D1.

[0050] The gate lines GWL1, ..., GWLn, ..., GWLN
may extend in the second direction D2 and be arranged in
the first direction D1. Each gate line GWLn is configured to
transfer a gate signal to pixels P that are arranged in the same
pixel-row in the second direction D2. During the data-
programming period, the gate lines GWL1, . .., GWLn, ..
., GWLN may sequentially transfer a plurality of gate
signals to the plurality of pixel-rows.

[0051] The first voltage lines VL1 may transfer a driving
signal Vinit to the plurality of pixels P, and the first voltage
lines VL1 may be connected each other.

[0052] The second voltage lines V.2 may transfer a first
power source signal ELVDD to a plurality of pixels P, and
the second voltage lines VL2 may be connected to each
other.
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[0053] The scan lines GIL1, . .., GILn, . .., GILN may
extend in the second direction D2 and be arranged in the first
direction D1. Each of the scan lines GILn is configured to
transfer a scan signal to pixels P that are arranged in the
same pixel row in the second direction D2. During the
data-programming period, the scan lines GIL1, . . ., GILn,
..., GILN may sequentially transfer a plurality of scan
signals to the plurality of pixel-rows.

[0054] The data driver 130 is configured to provide the
data lines DL1, .. ., DLm, .. ., DLM with data voltages
corresponding to the image data during the data-program-
ming period of the frame period.

[0055] In addition, the data driver 130 is configured to
provide the data lines DL1, ..., DLm, ..., DLM with a
reference voltage. The reference voltage may be equal to or
lower than a black voltage that corresponds to a black
grayscale.

[0056] The gate driver 150 is configured to provide the
gate lines GWLL, . . ., GWLn, . . . , GWLN with gate
signals. The gate signal may have a first level voltage and a
second level voltage. Hereinafter, “the first level voltage”
may be referred to as “a high voltage” and “the second level
voltage” may be referred to as “a low voltage.” The gate
driver 150 is configured to sequentially provide the gate
lines GWL1, . .., GWLn, . .., GWLN with high voltages
of the gate signals.

[0057] The scan driver 160 is configured to sequentially
provide the scan lines GIL1, . .., GILn, ..., GILN with scan
signals. The scan signal may have a high voltage and a low
voltage. The scan signal may have a first level voltage and
a second level voltage. Hereinafter, “the first level voltage”
may be referred to as “a high voltage” and “the second level
voltage” may be referred to as “a low voltage.” The high
voltage of the scan signal may be same as or different from
the high voltage of the gate signal. The low voltage of the
scan signal may be same as or different from the low voltage
of the gate signal. The high and low voltages of the scan
signal may be variously predetermined. The scan driver 160
is configured to sequentially provide the scan lines GIL1, .
.., GILn, ..., GILN with high voltages of the scan signals.
The high and low voltages of the scan signal may be the
same or different from the high and low voltages of the gate
signal.

[0058] The voltage generator 170 is configured to generate
the driving signal Vinit, the first power source signal
ELVDD, and a second power source signal ELVSS.

[0059] The driving signal Vinit may be applied to the first
voltage line VL1, and may have a high voltage, a low
voltage, and a reset voltage. Each of the high and low
voltages of the driving signal Vinit may have a predeter-
mined level to drive the pixel P. The reset voltage may have
a predetermined level to reset the anode electrode of the
organic light emitting diode. For example, the reset voltage
may correspond to a sum voltage of a low voltage of the first
power source signal ELVDD and an average threshold
voltage of a plurality of first transistors in the pixel P.

[0060] The first power source signal ELVDD may be
applied to the second voltage line V.2 and may have a high
voltage and a low voltage. The high voltage of the first
power source signal ELVDD may have a voltage of a normal
positive power source signal, and the low voltage of the first
power source signal ELVDD may have a predetermined low
voltage to drive the pixel circuit PC.
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[0061] The second power source signal ELVSS is applied
to a common electrode of the pixels P. The common elec-
trode of the pixels P may be a cathode electrode of an
organic light emitting diode and have a voltage of a normal
negative power source signal.

[0062] FIG. 2 is a circuit diagram illustrating a pixel
circuit according to an exemplary embodiment.

[0063] Referring to FIGS. 1 and 2, the pixel circuit PC
may be included in a pixel P of a display part 110.

[0064] The pixel circuit PC may include an organic light
emitting diode OLED, three transistors including a first
transistor T1, a second transistor T2, and a third transistor
T3, and two capacitors including a first capacitor Cst and a
second capacitor Cpr.

[0065] According to the exemplary embodiment, the first,
second and third transistors T1, T2 and T3 may be an N-type
transistor. The N-type transistor may be turned on when a
high voltage is applied to a control electrode, and turned off
when a low voltage is applied to the control electrode. In
some embodiments, the first, second and third transistors T1,
T2 and T3 may be a P-type transistor. It is noted that other
types of transistors may be used without deviating from the
scope of the present disclosure.

[0066] The first transistor T1 may include a control elec-
trode CE1 connected to a first node N1, a first electrode E11
connected to a second voltage line V1.2, and a second
electrode E12 connected to a second node N2. The second
voltage line VL2 is configured to receive the first power
source signal ELVDD.

[0067] The first power source signal ELVDD may have a
high voltage that is a voltage of a normal positive power
source signal and a low voltage that is a predetermined low
voltage to drive the pixel circuit PC.

[0068] The second transistor T2 may include a control
electrode CE2 connected to the n-th gate line GWLn, a first
electrode E21 connected to the first node N1, and a second
electrode E22 connected to the second node N2. The n-th
gate line GWLn is configured to receive an n-th scan signal
GW(n). The n-th scan signal GW(n) may have a high voltage
that turns on the second transistor T2 and a low voltage that
turns off the second transistor T2.

[0069] The third transistor T3 may include a control
electrode CE3 connected to the n-th scan line GILn, a first
electrode E31 connected to the first voltage line VL1, and a
second electrode E32 connected to the second node N2. The
first voltage line VL1 is configured to receive a driving
signal Vinit.

[0070] The driving signal Vinit may have a high voltage,
a low voltage, and a reset voltage to drive the pixel circuit
PC. For example, the driving signal Vinit may have the low
voltage to initialize the anode electrode of the organic light
emitting diode OLED, the reset voltage to reset the anode
electrode, and the high voltage to turn on the first transistor
T1. The reset voltage may be lower than the low voltage of
the driving signal Vinit or higher than the low voltage of the
driving signal Vinit.

[0071] Then-th scan line GILn is configured to receive the
n-th scan signal GI(n), and the n-th scan signal GI(n) may
have a high voltage that turns on the third transistor T3 and
a low voltage that turns off the third transistor T3.

[0072] The first capacitor Cst may be connected between
the first voltage line VL1 and the first node N1. The first
capacitor Cst may store a node voltage applied to the first
node N1.
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[0073] The second capacitor Cpr may be connected
between the second node N2 and an m-th data line DLm.
The second capacitor Cpr may store the data voltage applied
to the m-th data line DLm.

[0074] The first and second capacitors Cst and Cpr may be
serially connected between the m-th data line DLm and the
first voltage line VL1 through the second transistor T2. The
data voltage applied to the m-th data line DLm may be
divided by a voltage division ratio of the first and second
capacitors Cst and Cpr, and a divided data voltage may be
applied to the first node N1.

[0075] The organic light emitting diode OLED may
include an anode electrode connected to the second node N2
and a cathode electrode that receives the second power
source signal ELVSS.

[0076] When the transistor T1 is turned on, a driving
current corresponding to the data voltage applied to the first
node N1 may flow through the organic light emitting diode
OLED and thus, the organic light emitting diode OLED may
emit the light.

[0077] FIG. 3 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment.

[0078] Referring to FIGS. 1, 2 and 3, the display part may
receive a plurality of input signals. The plurality of input
signals may include a driving signal Vinit applied to a first
voltage line VL1, the first power source signal ELVDD
applied to the second voltage line VL2, a plurality of gate
signals GW(1),. ., GW(n), ..., GW(N) applied to plurality
of gate lines GWL1, ..., GWLn, . .., GWLN, a plurality
of scan signals GI(1), . . ., GI(n), . . . , GI(N) applied to the
plurality of scan lines GIL1, .. ., GILn, . . ., GILN, a data
voltage DATA applied to the plurality of data lines, and the
second power source signal ELVSS applied to the cathode
electrode of the organic light emitting diode OLED. The data
voltage DATA may be referred to as a data voltage applied
to the m-th data line DLm of the plurality of data lines.
[0079] The frame period may include a first period ‘a’
during which the anode electrode of the organic light emit-
ting diode OLED is initialized, a second period ‘b’ during
which the threshold voltage of the first transistor T1 is
compensated, a third period ‘c’ during which the data
voltage is applied to the pixel, and a fourth period ‘d’ during
which the organic light emitting diode OLED emits the light.
[0080] Referring to the first period ‘a’, the first voltage line
VLI receives a low voltage initl, of the driving signal Vinit.
The low voltage initL. of the driving signal Vinit may be
defined as the following Equation 1:

@ (Equation 1)

@ indicates text missingor illegiblewhen filed

[0081] In Equation 1, represents a threshold voltage of the
first transistor T1, and V ,, »; z1, represents a turn-on voltage
of the organic light emitting diode OLED to emit the light.
[0082] The plurality of scan lines GIL1, ..., GILn, . ..
, GILN may simultaneously receive the high voltages VGH
of the plurality of scan signals GI(1), .. ., GI(n), .. ., GI(N).
For example, the n-th scan line GILn may receive the high
voltage VGH of the n-th scan signal GI(n). The high voltage
VGH of the n-th scan signal GI(n) may have a turn-on
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voltage of the third transistor T3. For example, the high
voltage VGH of the scan signal may be about 10 V.
[0083] The second voltage line VL2 may receive a high
voltage ELVDDH of the first power source signal ELVDD.
The high voltage ELVDDH of the first power source signal
ELVDD may have a voltage of a normal positive power
source signal.
[0084] For example, the low voltage initLL of the driving
signal Vinit may be about -2.2 V, the high voltage ELVDDH
of the first power source signal ELVDD may be about 7 V,
the low voltage ELVDDL of the first power source signal
ELVDD may be about -7 V, and the second power source
signal ELVSS may be about 0 V.
[0085] The plurality of gate lines GWL1, ..., GWLn, ..
., GWLN may simultaneously receive the high voltages
VGH of the plurality of gate signals GW(1), . . . , GW(n),
. GW(N). The high voltage VGH of the gate signal may
have a turn-on voltage of the second transistor T2. For
example, the high voltage VGH of the scan signal may be
about 10 V.
[0086] The plurality of data lines DL1, ..., DLm, ...,
DLM may receive a reference voltage Vref. The reference
voltage Vref may be equal to or lower than a lowest voltage
in a voltage range of the data voltage. For example, when the
voltage range of the data voltage is about 0.5V to about 7.5
V, the reference voltage Vref may be equal to or lower than
about 0.5 V.
[0087] During the first period ‘a’, the anode electrodes of
the organic light emitting diodes OLED that is connected to
the second node N2 and the first node N1 in all pixels may
be initialized by the low voltage initlL of the driving signal
Vinit, simultaneously.
[0088] Referring to the second period ‘b’, the first voltage
line VL1 is configured to receive a voltage that transitions
from the low voltage initl. of the driving signal Vinit to the
reset voltage VRES.
[0089] The plurality of scan lines GIL1, . .., GILn,. ..
, GILN is configured to simultaneously receive low voltages
VGL of the plurality of scan signals GI(1), . . ., Gl(n), . . .
, GI(N). For example, the n-th scan line GILn may receive
the low voltage VGL of the n-th scan signal GI(n). The low
voltage VGL of the n-th scan signal GI(n) may have a
turn-off voltage of the third transistor T3. For example, the
low voltage VGL of the n-th scan signal GI(n) may be about
-10 V.
[0090] The second voltage line VL2 is configured to
receive a low voltage ELVDDL of the first power source
signal ELVDD. For example, the low voltage ELVDDL of
the first power source signal ELVDD may be about -7 V.
[0091] The plurality of gate lines GWLL, ..., GWLn, ..
, GWLN is configured to simultaneously receive the high
voltages VGH of the plurality of gate signals GW(1), . . .,
GW(n), . ... GW(N) as during the first period ‘a’
[0092] The plurality of data lines DL1, ..., DLm, ...,
DLM is configured to receive the reference voltage Vref as
during the first period ‘a’.
[0093] During the second period ‘b’, the threshold volt-
ages of the first transistors T1 in all pixels may be simulta-
neously compensated using the sum voltage of the low
voltage ELVDDL of the first power source signal ELVDD
and the threshold voltage of the corresponding first transistor
T1.
[0094] Referring to the third period ‘c’, the first voltage
line VL1 is configured to receive the reset voltage VRES.
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The second voltage line VL2 is configured to receive the
high voltage ELVDDH of the first power source signal
ELVDD. The plurality of gate lines GWL1, . .., GWLn, .
, GWLN is configured to sequentially receive the high
voltages VGH of the plurality of gate signals GW(1), . . .,
GW(n), . .., GW(N). The plurality of scan lines GIL1, . .
., GILn, ..., GILN is configured to sequentially receive the
high voltages VGH of the plurality of scan signals GI(1), .
, Gl(n), . . ., GI(N).
[0095] The plurahty of data lines DL1, . .., DLm, .
DLM is configured to receive the data Voltage DATA
respectively corresponding to the plurality of horizontal
lines in synchronization with the high voltages VGH of the
plurality of gate signals GW(1), . .. ,GW(n), ..., GW(N).
[0096] The third period ¢ may include a first holding
period cl, a reset period ¢2, a writing period ¢3, and a second
holding period c4.
[0097] Forexample, referring to the pixel circuit PC in the
n-th horizontal line as shown in FIG. 2, the first holding
period c1 is a period during which the compensation voltage
ELVDDL+ applied to the first node N1 may be maintained.
During the first holding period c1, the n-th scan line GILn
is configured to the low voltage VGL of the n-th scan signal
GI(n). During the first holding period c1, the first, second,
and third transistors T1, T2 and T3 may generate leakage
currents according to the voltage regulation of the data
voltage applied to the m-th data line DLm, and a voltage
ELVDDL+V,, 7 +AV that is changed from ELVDDL+V , 7,
by AV due to the voltage regulation of the data Voltage may
be applied to the anode electrode of the organic light
emitting diode OLED.
[0098] During the reset period c2, the n-th scan line GILn
is configured to receive the high voltage VGH of the n-th
scan signal GI(n). The reset period c2 may include at least
one horizontal of other gate lines period prior to the writing
period ¢3 of the n-th gate line. The second transistor T2 is
turned on in response to the high voltage VGH of the n-th
scan signal GI(n), and the reset voltage VRES applied to the
first voltage line VL1 is provided to the anode electrode of
the organic light emitting diode OLED. Thus, during the first
holding period cl, the voltage ELVDDLAV,;, -, +AV of the
anode electrode that may cause the leakage currents of the
first, second, and third transistors T1, T2 and T3 may be reset
to the reset voltage VRES.
[0099] During the writing period ¢3, the n-th gate line
GWLn is configured to receive the high voltage VGH of the
n-th gate signal GW(n). The n-th scan line GILn is config-
ured to receive the low voltage VGL of the n-th scan signal
GI(n). The plurality of data lines DL1, ..., DLm,. .., DLM
is configured to receive a data voltage Vdata(n) correspond-
ing to the n-th horizontal line.
[0100] The second transistor T2 is turned on in response to
the high voltage VGH of'the n-th gate signal GW(n), and the
first and second capacitors Cst and Cpr may be connected to
each other in series. The data voltage applied to the m-th
data line DLm may be divided by a voltage division ratio of
the first and second capacitors Cst and Cpr, and the divided
data voltage may be applied to the first node N1.
[0101] The second holding period c4 is a period during
which the data voltage applied to the first node N1 may be
maintained. During the second holding period c4, the n-th
gate line GWLn is configured to receive the low voltage
VGL of the n-th gate signal GW(n). The n-th scan line GILn
is configured to receive the low voltage VGL of the n-th scan
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signal GI(n). The first and second transistors T1 and T2 are
turned off in response to the low voltage VGL, and the
divided data voltage applied to the first node N1 may be
maintained by the first capacitor Cst.

[0102] Referring to the fourth period ‘d’, the second
voltage line VL2 is configured to receive the high voltage
ELVDDH of the first power source signal ELVDD.

[0103] The first voltage line VL1 is configured to receive
a high voltage initH of the driving signal Vinit. The high
voltage initH of the driving signal Vinit may be determined
to be a high level for turning on the first transistor T1. For
example, the high voltage initH of the driving signal Vinit
may be about 6.5 V.

[0104] The plurality of scan lines GIL1, . .., GILn,. ..
, GILN is configured to simultaneously receive the low
voltages VGL of the plurality of scan signals GI(1), . . .,
Gl(n), . . . ,GI(N).

[0105] The plurality of gate lines GWL1, ..., GWLn, ..
., GWLN is configured to simultaneously receive the low
voltages VGL of the plurality of gate signals GW(1), . . .
LGW), . .., GW(N).

[0106] The plurality of data lines DL1, . .., DLm, .. .,
DLM is configured to simultaneously receive the reference
voltage Vref.

[0107] During the fourth period ‘d’, a driving current
corresponding to the data voltage applied to the first node N1
may be provided to the organic light emitting diode OLED,
and the organic light emitting diode OLED may emit the
light. Thus, the organic light emitting diodes OLED in all
pixels may simultaneously emit the light.

[0108] As described above, according to the exemplary
embodiment, the voltage applied to the anode electrode is
reset to the reset voltage before the data voltage is written to
the pixel circuit PC and thus, a display defect by the leakage
currents of the transistors may be decreased or eliminated.
[0109] FIGS. 4A and 4B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0110] Referring to FIGS. 4A and 4B, the first period ‘a’
may correspond to an initializing period of the organic light
emitting diode OLED.

[0111] In the first period ‘a@’, the low voltage initl. of
driving signal Vinit is applied to the first voltage line VL1,
the high voltage VGH of the n-th scan signal GI(n) is applied
to the n-th scan line GILn, and the high voltage ELVDDH
of the first power source signal ELVDD is applied to the
second voltage line VL2. The n-th gate signal GW(n)
receives the high voltage VGH of the n-th gate signal
GW(n). The m-th data line DLm receives the reference
voltage Vref.

[0112] Referring to a method of driving the pixel circuit
PC, the low voltage initl. of the driving signal Vinit is
applied to the first node N1. The second transistor T2 is
turned on in response to the high voltage VGH of the n-th
gate signal GW(n).

[0113] The third transistor T3 is turned on in response to
the high voltage VGH of the n-th scan signal GI(n). and the
low voltage initL of the driving signal Vinit is provided to
the second node N2. The anode electrode of the organic light
emitting diode OLED connected to the second node N2 may
be initialized by the low voltage initl, of the driving signal
Vinit,

[0114] Therefore, during the first period ‘a’, the organic
light emitting diode OLED may be initialized.

Jun. 14,2018

[0115] FIGS. 5A and 5B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0116] Referring to FIGS. 5A and 5B, the second period
‘b’ may correspond to a compensating period during which
the threshold voltage of the first transistor T1 is compen-
sated.

[0117] Referring to the second period ‘b’, the first voltage
line VL1 is configured to receive the low voltage initl of the
driving signal Vinit in an early part b1 of the second period
‘b’ and the reset voltage VRES Vinit in a latter part b2 of the
second period ‘b’. The n-th scan line GILn is configured to
receive the low voltage VGL of the n-th scan signal GI(n),
and the n-th gate line GWLn is configured to receive the
high voltage VGH of the n-th gate signal GW(n). The second
voltage line VL2 is configured to receive the low voltage
ELVDDL of the first power source signal ELVDD. The m-th
data line receives the reference voltage Vref.

[0118] Referring to a method of driving the pixel circuit
PC, during the early part bl of the second period b, the low
voltage initL. of the driving signal Vinit is applied to the first
node N1. The second transistor T2 is turned on in response
to the high voltage VGH of the n-th gate signal GW(n), and
the low voltage initD of the driving signal Vinit applied to
the first node N1 is applied to the second node N2. The third
transistor T3 is turned off in response to the low voltage
VGL of the n-th scan signal Gl(n).

[0119] The control electrode CE1 of the first transistor T1
is connected to the second electrode E12 of the first tran-
sistor T1 by the second transistor T2, and the low voltage
ELVDDL of the first power source signal is applied to the
first electrode E11 of the first transistor T1.

[0120] The voltage ELVDDL applied to the first electrode
E1l of the first transistor T1 may be lower than the low
voltage initL. of the driving signal Vinit that is applied to the
second electrode E12. In this case, the first electrode E11
may drive as a source and the second electrode E12 may
drive as a drain.

[0121] Therefore, when the second transistor T2 is turned
on, the gate and drain of the first transistor T1 are connected
to each other, and the first transistor T1 is diode-connected.
[0122] When the first transistor T1 is diode-connected, the
first node N1 connected to the control electrode CE1 of the
first transistor T1 receives a voltage corresponding to a sum
voltage of the low voltage ELVDDL of the first power
source signal and the threshold voltage of the first transistor
T1.

[0123] During the latter part b2 of the second period b, the
first voltage line VL1 is configured to receive the reset
voltage VRES. The reset voltage VRES may be determined
to a reset level for resetting a voltage applied to the anode
electrode of the organic light emitting diode OLED. For
example, the reset voltage VRES may be the threshold
compensation voltage ELVDDL+V, 1, that is applied to the
first node N1. In another example, the reset voltage VRES
may be a sum voltage of the low voltage ELVDDL of the
first power source signal ELVDD and an average threshold
voltage V,;, 7 of the plurality of first transistors T1.
[0124] FIGS. 6A and 6B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0125] Referring to FIGS. 6A and 6B, the third period ‘¢’
may correspond to a data-programming period during which
the data voltage is applied to the plurality of pixels.
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[0126] The third period ¢ may include a first holding
period c1, a reset period c2, a writing period ¢3, and a second
holding period c4 as shown in FIG. 3. The first holding
period c1 may increase along a scan direction of the display
part. The reset period ¢2 may be placed between the first
holding period c1 and the writing period c3. The second
holding period c4 may be placed after the writing period c3.
[0127] Referring to the pixel circuit PC in the n-th hori-
zontal line, during the first holding period c1, the first
voltage line VL1 is configured to receive the reset voltage
VRES, the n-th scan line GILn is configured to receive the
low voltage VGL of the n-th scan signal GI(n), and the n-th
gate line GWLn is configured to receive the low voltage
VGL of the n-th gate signal GW(n). The first node N1 may
have the threshold compensation voltage ELVDDL+V, .
The first transistor T1 is turned off in response to a voltage
of the first node N1, and the second and third transistors T2
and T3 is turned off in response to the low voltage VGL.
[0128] However, the m-th data line DLm may sequentially
receive previous data voltages corresponding to previous
horizontal lines. The anode electrode of the organic light
emitting diode OLED may receive a changing voltage
ELVDDL+V ;, +AV according to voltage regulations of the
previous data voltages. The leakage current of the first
transistor T1 may occur by the changing voltage applied to
the anode electrode.

[0129] The first holding period ¢1 may increase toward a
lower area of the display part in the scan direction so that the
leakage current may increase toward the lower area of the
display part. An image displayed on the display part may
have gradation defects of luminance increasing toward the
lower area of the display part by the leakage current. In
addition, crosstalk defects may be viewed in the lower area
of the display part when a black box is displayed on the
display part.

[0130] FIGS. 7A and 7B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0131] Referring to FIGS. 7A and 7B, during the reset
period c2, the first voltage line VL1 is configured to the reset
voltage VRES, the n-th gate line GWLn is configured to the
low voltage VGL of the n-th gate signal GW(n), and the n-th
scan line GILn is configured to the high voltage VGH of the
n-th scan signal GI(n).

[0132] The reset period ¢2 may include at least one
horizontal period of other gate lines prior to the n-th hori-
zontal period Hn corresponding to the writing period ¢3 of
the n-th gate line.

[0133] The first and second transistors T1 and T2 are
turned off, and the third transistor T3 is turned on in response
to the high voltage VGH of the n-th scan signal GI(n).
[0134] The reset voltage VRES applied to the first voltage
line VL1 is applied to the second node N2 through the third
transistor T3. The reset voltage VRES may be the sum v of
the low voltage ELVDDL of the first power source signal
ELVDD and an average threshold voltage V,, 7 of the
plurality of first transistors.

[0135] Therefore, during the reset period ¢2, the changing
voltage ELVDDLA4V,;, -, —+AV applied to the anode elec-
trode of the organic light emitting diode OLED may be reset
to the reset voltage VRES.

[0136] According to the exemplary embodiment, the
anode electrode is reset to the reset voltage VRES and thus,
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the gradation defects of luminance and the crosstalk defects
by the changing voltage of the anode electrode may be
decreased or eliminated.

[0137] FIGS. 8A and 8B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0138] Referring to FIGS. 8A and 8B, during the writing
period c3, the first voltage line VL1 is configured to the reset
voltage VRES, the n-th gate line GWLn is configured to the
high voltage VGH of the n-th gate signal GW(n), the n-th
scan line GILn is configured to the low voltage VGL of the
n-th scan signal GI(n). The plurality of data lines DL, . . .
,DLm, ..., DLM is configured to a data voltage Vdata(n)
of the n-th horizontal line.

[0139] The m-th data line DLm is configured to receive
the data voltage Vdata(n) of the pixel circuit PC in the n-th
horizontal line. For example, the m-th data line DLm may be
configured to receive the data voltage Vdata(n) of the pixel
circuit PC during an early part of an n-th horizontal period
Hn corresponding to the n-th horizontal line and to receive
the reference voltage Vref during a latter part of the n-th
horizontal period Hn.

[0140] Referring to the method of driving the pixel circuit
PC, the reset voltage VRES of the driving signal Vinit is
applied to the first node N1. Because the control electrode
CE1 of the first transistor T1 is connected to the first node
N1, the first transistor T1 is turned off. The third transistor
T3 is turned off in response to the low voltage VGL of the
n-th scan signal GI(n).

[0141] The second transistor T2 is turned on in response to
the high voltage VGH of'the n-th gate signal GW(n), and the
first node N1 and the second node N2 are connected to each
other in series. The first capacitor Cst and the second
capacitor Cpr are connected to each other in series through
the second transistor T2 that is turned on.

[0142] The m-th data line DLm is configured to receive
the n-th data voltage Vdata(n) corresponding to the pixel
circuit PC. The m-th data line DLm may have a difference
voltage AVdata between the n-th data voltage Vdata(n) and
the reference voltage Vref.

[0143] The first and second capacitors Cst and Cpr that are
connected to the first node N1 in series has a voltage division
ratio a corresponding to the first node N1. The voltage
division ratio a and the difference voltage AVdata may be
defined as the following Equation 2.

p=Cp#/(Cst+Cpr)
[0144] Therefore, the difference voltage AVdata is divided

by the voltage division ratio 4 of the first and second
capacitors Cst and Cpr, and the divided voltage a-AVdata
corresponding to the n-th data voltage Vdata(n) is applied to
the first node N1.

[0145] Therefore, a voltage defined as the following Equa-
tion 3 may be applied to the first node N1 during the n-th
horizontal period Hn.

(Equatien 2)

YHPIY gaias (Equaticn 3)
where
[0146] In Equation 3, ‘Cel’ is a parasitic capacitance of the

organic light emitting diode OLED.

[0147] During the second holding period c4, the first
voltage line VL1 is configured to receive the reset voltage
VRES, the n-th gate line GWLn is configured to receive the
low voltage VGL of the n-th gate signal GW(n), and the n-th
scan line GILn is configured to receive the low voltage VGL
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of the n-th scan signal GI(n). The first and second transistors
T1 and T2 are turned off in response to the low voltage VGL.
The data voltage applied to the first node N1 is stored in the
first capacitor Cst and thus is maintained during the second
holding period c4. The second holding period c4 may
decrease toward the lower area of the display part in the scan
direction.

[0148] FIGS. 9A and 9B are conceptual diagrams illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0149] Referring to FIGS. 9A and 9B, fourth period d the
fourth period ‘d’ may correspond to a light-emitting period
during which the organic light emitting diode OLED emits
the light.

[0150] Referring to the fourth period °d’, the high voltage
initH of the driving signal Vinit is applied to the first voltage
line VL1, the high voltage ELVDDH of the first power
source signal ELVDD is applied to the second voltage line
VL2, the low voltage VGL of the n-th scan signal GI(n) is
applied to the n-th scan line GILn, and the low voltage of the
n-th gate signal GW(n) VGL is applied to the n-th gate line
GWLn. The m-th data line DLm receives the reference
voltage Vref.

[0151] Referring to the method of driving the pixel circuit
PC, the high voltage initH of the driving signal Vinit is
applied to the first node N1 and thus, a voltage defined as the
following Equation 4 may be applied to the first node N1.

TPV oot TV i

[0152] In Equation 4, a difference voltage AVinit repre-
sents a difference voltage between the high and low voltages
initH and initl, of the driving signal Vinit.

[0153] When the voltage defined as Equation 4 is applied
to the control electrode CE1 of the first transistor T1, the first
transistor T1 is turned on based on the difference voltage
AVinit.

[0154] The second transistor T2 is turned off in response
to the low voltage VGL of the n-th gate signal GW(n), and
the third transistor T3 is turned off in response to the low
voltage VGL of the n-th scan signal GI(n).

[0155] Therefore, the first transistor T1 is turned on and
thus, a driving current ID corresponding to the data voltage
may flow through the organic light emitting diode OLED,
and the organic light emitting diode OLED may emit the
light.

[0156] According to the exemplary embodiment, in the
pixel circuit PC, the changing voltage applied to the anode
electrode of the organic light emitting diode is reset to the
reset voltage and thus, display defects may be decreased or
eliminated.

[0157] FIG. 10 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment. FIG. 11 is a conceptual diagram illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0158] According to the exemplary embodiment, the
method of driving the pixel circuit PC in comparison with
the method of driving the pixel circuit PC according to the
previous exemplary embodiment may include that the sec-
ond voltage line VL2 is configured to receive a middle
voltage ELVDDM of the first power source signal ELVDD
during the third period ‘c’. Hereinafter, the same reference
numerals are used to refer to the same or like parts as those

(Equation 4)

Jun. 14,2018

described in the previous exemplary embodiments, and the
same detailed explanations may be simplified or omitted.
[0159] Referring to FIGS. 10 and 11, according to the
exemplary embodiment, during the third period c, the first
voltage line VL1 is configured to receive the reset voltage
VRES, the second voltage line VL2 is configured to receive
the middle voltage ELVDDM of the first power source
signal ELVDD.

[0160] The middle voltage ELVDDM may have a voltage
level between the high voltage ELVDDH of the first power
source signal ELVDD and the low voltage ELVDDL of the
first power source signal ELVDD. The middle voltage
ELVDDM may be determined to satisfy a condition in which
the first transistor T1 is turned off during the third period c.
[0161] The plurality of gate lines GWL1, ..., GWLn, ..
., GWLN may sequentially receive the high voltages VGH
of the plurality of gate signals GW(1), ..., GW(@), .. .,
GW(N). The plurality of scan lines GIL1, . .., GILn, . . .,
GILN may sequentially receive the high voltages VGH of
the plurality of scan signals GI(1), . .., Gl(n), . . ., GI(N).
[0162] The plurality of data lines DL1, . .., DLm, .. .,
DLM is configured to receive the data voltage DATA
respectively corresponding to the plurality of horizontal
lines in synchronization with the high voltages VGH of the
plurality of gate signals GW(1), ..., GW(n), ..., GW(N).
[0163] Referring to the pixel circuit PC in the n-th hori-
zontal line as shown in FIG. 11, during the first holding
period cl1 of the third period c, the second voltage line V1.2
is configured to receive the middle voltage ELVDDM of the
first power source signal ELVDD, the first voltage line VL1
is configured to receive the reset voltage VRES, the n-th
scan line GILn is configured to receive the low voltage VGL
of the n-th scan signal GI(n), and the n-th gate line GWLn
is configured to receive the low voltage VGL of the n-th gate
signal GW(n). The first node N1 may maintain the threshold
compensation voltage ELVDDL+V,, -, the first transistor
T1 is turned off in response to the voltage of the first node
N1, and the second and third transistors T2 and T3 are turned
off in response to the low voltage VGL.

[0164] However, the m-th data line DLm may sequentially
receive previous data voltages corresponding to previous
horizontal lines. The anode electrode of the organic light
emitting diode OLED may receive a changing voltage
ELVDDL+V ,, +AV according to voltage regulations of
the previous data voltages. The leakage current of the first
transistor T1 may occur by the changing voltage applied to
the anode electrode.

[0165] According to the exemplary embodiment, the
middle voltage ELVDDM that is lower than the high voltage
ELVDDH and higher than the low voltage ELVDDL is
applied the first transistor T1. Thus, a voltage Vds between
the source and the drain of the first transistor T1 may
decrease to decrease the leakage current of the first transistor
T1.

[0166] FIG. 12 is a timing chart illustrating a plurality of
input signals of a display apparatus according to an exem-
plary embodiment. FIG. 13 is a conceptual diagram illus-
trating a method of driving the pixel circuit according to an
exemplary embodiment.

[0167] According to the exemplary embodiment, the
method of driving the pixel circuit PC in comparison with
the method of driving the pixel circuit PC according to the
previous exemplary embodiment may include a second reset
period ‘R’ between the third period ‘¢’ and the fourth period
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‘d’. Hereinafter, the same reference numerals are used to
refer to the same or like parts as those described in the
previous exemplary embodiments, and the same detailed
explanations may be simplified or omitted.

[0168] Referring to FIGS. 12 and 13, the third period ¢
may include a first holding period ¢1, a first reset period c2,
a writing period ¢3, and a second holding period c4. The
method of driving the pixel circuit PC in the third period ¢
may be the same as those described in the previous exem-
plary embodiment.

[0169] According to the exemplary embodiment, the
method of driving the pixel circuit PC may further include
the second reset period R between the third period ¢ and the
fourth period d.

[0170] During the second reset period R, the first voltage
line VL1 is configured to receive the reset voltage VRES, the
n-th gate line GWLn is configured to receive the low voltage
VGL of the n-th gate signal GW(n), and the n-th scan line
GILn is configured to receive the high voltage VGH of the
n-th scan signal Gl(n).

[0171] According to the exemplary embodiment, during
the second reset period R, the plurality of scan lines GIL1,
...,GILn, ..., GILN may simultaneously receive the high
voltages VGH of the plurality of scan signals GI(1), . . .,
Gl(), . . ., GI(N).

[0172] The first and second transistors T1 and T2 are
turned off, and the third transistor T3 is turned on in response
to the high voltage VGH of the n-th scan signal GI(n).
[0173] The reset voltage VRES that is applied to the first
voltage line VL1 is applied to the second node N2 through
the third transistor T3. The reset voltage VRES may be a
sum voltage of the low voltage ELVDDL of the first power
source signal ELVDD and an average threshold voltage of
the plurality of first transistors T1.

[0174] Thus, during the second reset period R, the anode
electrode of the organic light emitting diode OLED may be
reset to the reset voltage VRES.

[0175] During the fourth period d after the second reset
period R, the first transistor T1 is turned on and thus, a
driving current ID corresponding to the data voltage may
flow through the organic light emitting diode OLED, and the
organic light emitting diode OLED may emit the light.
[0176] According to the exemplary embodiment, the
anode electrode of the organic light emitting diode OLED
may be reset to the reset voltage VRES before the organic
light emitting diode emits the light by the driving current
corresponding to the data voltage. Thus, the display quality
of the display part may be improved.

[0177] According to the exemplary embodiments, in the
pixel circuit including three transistors and two capacitors
that drive the organic light emitting diode, a voltage applied
to the anode electrode of the organic light emitting diode that
may change due to leakage currents is reset to the reset
voltage and thus, display defects may be decreased or
eliminated.

[0178] The present disclosure may be applied to a display
device and an electronic device having the display device.
For example, the present disclosure may be applied to a
computer monitor, a laptop, a digital camera, a cellular
phone, a smart phone, a smart pad, a television, a personal
digital assistant (PDA), a portable multimedia player (PMP),
a MP3 player, a navigation system, a game console, a video
phone, etc.

Jun. 14,2018

[0179] The foregoing is illustrative of the present disclo-
sure and is not to be construed as limiting thereof. Although
a few exemplary embodiments of the present disclosure
have been described, those skilled in the art will readily
appreciate that various modifications are possible in the
exemplary embodiments without materially departing from
the novel teachings and advantages of the present disclosure.
Accordingly, such modifications are intended to be included
within the scope of the present disclosure. Therefore, it is to
be understood that the foregoing is illustrative of the present
disclosure and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other
exemplary embodiments, are intended to be included within
the scope of the present disclosure. The inventive concept of
the present disclosure is defined by the following claims,
with equivalents of the claims to be included therein.
What is claimed is:
1. A display apparatus comprising:
a gate driver;
a scan driver; and
a display part comprising a plurality of pixels, each pixel
including a first transistor, a second transistor, a third
transistor, a first capacitor, a second capacitor, and an
organic light emitting diode, wherein:
the first capacitor is connected between a first voltage line
receiving a driving signal and a first node, the first
transistor comprises a control electrode connected to
the first node, a first electrode connected to a second
voltage line receiving a first power source signal, and
a second electrode connected to a second node,
the organic light emitting diode comprises an anode
electrode connected to the second node and a cathode
electrode receiving a second power source signal,
the second capacitor is connected between an m-th data
line and the second node,
the second transistor comprises a control electrode con-
nected to an n-th gate line, a first electrode connected
to the first node, and a second electrode connected to
the second node,
the third transistor comprises a control electrode con-
nected to an n-th scan line, a first electrode connected
to the first voltage line, and a second electrode con-
nected to the second node,
the gate driver is configured to provide a plurality of gate
lines in the display part with a gate signal including a
first level voltage and a second level voltage, and the
gate driver is configured to provide the n-th gate line
with the first level voltage of the gate signal during an
n-th horizontal period of a frame, and
the scan driver is configured to provide a plurality of scan
lines in the display part with a scan signal including a
first level voltage and a second level voltage, and the
scan driver is configured to provide the n-th scan line
with the first level voltage of the scan signal during a
first reset period of the frame prior to the n-th horizontal
period of the frame.
2. The display apparatus of claim 1, wherein during a first
period of the frame,
the first voltage line is configured to receive a second level
voltage of the driving signal,
the second voltage line is configured to receive a first level
voltage of the first power source signal,
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the plurality of gate lines is configured to receive the first
level voltage of the gate signal turning on the second
transistor of the plurality of pixels, simultaneously, and

the plurality of scan lines is configured to receive the first
level voltage of the scan signal turning on the third
transistor of the plurality of pixels, simultaneously.

3. The display apparatus of claim 2, wherein during a
second period of the frame,

the first voltage line is configured to receive the second
level voltage of the driving signal during an early part
of the second period and to receive a reset voltage that
is different from the second level voltage of the driving
signal during a latter part of the second period,

the second voltage line is configured to receive a second
level voltage of the first power source signal,

the plurality of gate lines is configured to receive the first
level voltage of the gate signal turning on the second
transistor of the plurality of pixels, simultaneously, and

the plurality of scan lines is configured to receive the
second level voltage of the scan signal turning off the
third transistor of the plurality of pixels, simultane-
ously.

4. The display apparatus of claim 3, wherein the second
level voltage of the first power source signal is lower than
the second level voltage of the driving signal.

5. The display apparatus of claim 3, wherein a third period
of the frame comprises the first reset period in which the first
voltage line is configured to receive the reset voltage, the
n-th scan line is configured to receive the first level voltage
of the scan signal, and the n-th gate line is configured to
receive the second level voltage of the gate signal turning off
the second transistor.

6. The display apparatus of claim 5, wherein the first reset
period comprises at least one horizontal period.

7. The display apparatus of claim 5, wherein the third
period of the frame comprises a first holding period prior to
the first reset period in which the first voltage line is
configured to receive the reset voltage, the n-th scan line is
configured to receive the second level voltage of the scan
signal, and the n-th gate line is configured to receive the
second level voltage of the gate signal.

8. The display apparatus of claim 7, wherein the third
period of the frame further comprises a writing period
corresponding to the n-th horizontal period after the first
reset period in which the first voltage line is configured to
receive the reset voltage, the n-th scan line is configured to
receive the second level voltage of the scan signal, the n-th
gate line is configured to receive the first level voltage of the
gate signal, and the m-th data line is configured to receive a
data voltage.

9. The display apparatus of claim 8, wherein during the
n-th horizontal period, the first and second capacitors are
connected to each other in series, the data voltage is divided
by the first and second capacitors, and a divided data voltage
is applied to the first node.

10. The display apparatus of claim 8, wherein the third
period of the frame further comprises a second holding
period placed after the writing period in which the first
voltage line is configured to receive the reset voltage, the
n-th scan line is configured to receive the second level
voltage of the scan signal. and the n-th gate line is configured
to receive the second level voltage of the gate signal.

10
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11. The display apparatus of claim 10, wherein during the
third period, the second voltage line is configured to receive
the first level voltage of the first power source signal.

12. The display apparatus of claim 10, wherein during a
fourth period of the frame, the first voltage line is configured
to receive a first level voltage of the driving signal that is
higher than the second level voltage of the driving signal, the
second voltage line is configured to receive the first level
voltage of the first power source signal, the plurality of gate
lines is configured to receive the second level voltage of the
gate signal, simultaneously, and the plurality of scan lines is
configured to receive the second level voltage of the scan
signal, simultaneously, and

wherein the first transistor is turned on by a difference
voltage between the first and second level voltages of
the driving signal, and a driving current corresponding
to a data voltage applied to the first node flows in the
organic light emitting diode.

13. The display apparatus of claim 12, wherein the frame
further comprises a second reset period placed between the
second holding period and the fourth period in which the
first voltage line is configured to receive the reset voltage,
the plurality of scan lines corresponding to a plurality of
horizontal lines is configured to receive the first level
voltage of the scan signal, simultaneously, and the plurality
of gate signals is configured to receive the second level
voltage of the gate signal, simultaneously.

14. The display apparatus of claim 10, wherein during the
third period of the frame, the second voltage line is config-
ured to receive a middle voltage between the first and second
level voltages of the first power source signal.

15. A method of driving a display apparatus that com-
prises a pixel circuit driving an organic light emitting diode,
the method comprising:

applying a second level voltage of a driving signal to a

first voltage line to initialize an anode electrode of the
organic light emitting diode that is connected to a
second electrode of a first transistor;

applying a second level voltage of a first power source
signal to a first electrode of the first transistor to render
the first transistor to be diode-connected;

resetting the anode electrode of the organic light emitting
diode using a reset voltage applied to the first voltage
line during at least one horizontal period prior to an n-th
horizontal period;

applying a data voltage divided by a first capacitor and a
second capacitor to a control electrode of the first
transistor during the n-th horizontal period; and

driving the organic light emitting diode to emit light based
on the data voltage applied to the control electrode of
the first transistor in response to a first level voltage of
the driving signal applied to the first voltage line.

16. The method of claim 15, wherein the driving the
organic light emitting diode comprises applying a first level
voltage of the first power source signal to the first electrode
of the first transistor.

17. The method of claim 16, wherein each of the resetting
the anode electrode and applying the data voltage comprises
applying the first level voltage of the first power source
signal to the first electrode of the first transistor.

18. The method of claim 16, wherein each of the resetting
the anode electrode and applying the data voltage comprises
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applying a middle voltage between the first and second level
voltages of the first power source signal to the first electrode
of the first transistor.

19. The method of claim 15, wherein the reset voltage
corresponds to a sum voltage of the second level voltage of
the first power source signal and an average threshold
voltage of a plurality of first transistors in a plurality of pixel
circuits.

20. The method of claim 15, further comprising;

resetting the anode electrode of the organic light emitting

diode using the reset voltage applied to the first voltage
line between the applying the data voltage and the
driving the organic light emitting diode.
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