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(57) ABSTRACT

An organic light emitting diode (OLED) display including a
plurality of data lines to which a data voltage is supplied, a
plurality of pairs of gate lines each comprising a first gate
lines to which a first scan pulse is supplied and a second gate
lines to which a second scan pulse partially overlapping the
first scan pulse in an opposed phase is supplied, an OLED that
emits light by current that flows between the high potential
driving voltage source and the low potential driving voltage
source, a driving device for controlling the current that flows
through the OLED in accordance with a gate-source voltage
applied between a gate electrode connected to a first node and
a source electrode connected to the low potential driving
voltage source, a storage capacitor connected between the
first node and the second node, and a switch circuit.

2006/0028408 ALl*  2/2006 Kim ...cccccooovrronvvrrenn. 345/76 7 Claims, 8 Drawing Sheets
ysus yob

r‘“"g“ﬁl
OLED N/ |
L] _d
i D | !
Gj2 : G|[ Sw4 G'[swﬁ
(S2) : L | !
| § S

G | 1%
S1 | |
A e :

]

! S 1D |
I SwW2 :
e TR O
-} ! i Cst | Iopl
Dk t D[S L :Gl[DR:
(Vdata) A A VR | Y o |
| : i I ) S 1
e g Lo S




U.S. Patent Apr.17,2012  Sheet 1 of § US 8,159,421 B2

FIG. 1

(Related Art)

78d

78¢

78e e e‘\
SINAN

= 0

160 N @

/ 78a
78b



U.S. Patent Apr.17,2012  Sheet 2 of § US 8,159,421 B2

DL VDD

GL

7 OLED
o———m——\{é—l E DR
s

Cst

VsS

FIG. 2

(Related Art)

FIG.3

(Related Art)

-

Vth1 Vt

oy
N



US 8,159,421 B2

T
—_
n
o

U.S. Patent Apr.17,2012  Sheet 3 of §
FIG. 4
RGB RGB
——* TIMING DDC DATA DRIVING CIRCUIT
——{ CONTROLLER [Z="o G
H.,Vsync / 1 D1 D2 Dm-1 Dm
Clk 424
»—':3 122 | »—’:EI 122 »’13 122 ’:Ei 122
G11 — — —
G21 { | | |
e ﬂ b 111 122 b 122 P 122
— G12 T—T I I I
5| Gez L l l l
Q
ot
Q
[}
118~ Z
2 e 12 | [ 12 H 1w | [ 2
3 |Gin-t =¥ 1 3 -
E G 2n-1 l l l J_
S
rH 12 | L+ 122 ] H 122 | |l 122
Gin | TS — - —
Gon ) | | Ji
) VSUS
{Vss
o ; , [ VDD

~116

a(vad) bVss) c(Vsus)



U.S. Patent

S

Apr. 17,2012 Sheet 4 of 8

FIG. §

S2

US 8,159,421 B2

Vdata

|
[

T3



|
|
|
|
.

US 8,159,421 B2

Voo
oLEDN/

r—==77"71
| R P,

Sheet 5 of 8

|

s[ 1p
SW2

FIG. 6

VSUS

Apr. 17,2012

U.S. Patent

L
S
Fm——fp-———-
*
n2

Gj2
(82)
Gt
(S1)
Dk
(Vdata)



U.S. Patent Apr.17,2012  Sheet 6 of § US 8,159,421 B2

122
S1 = HIGH
S2 = HIGH
VSUS VDD
+
Vto
E Sid SW1
SW2
Vdata — a2 : C's't G 'iDR
nz Il ni |
S
vg - Vdd‘VtZO“'Vth




U.S. Patent Apr.17,2012  Sheet 7 of § US 8,159,421 B2

2
S1 = HIGH
S2 = LOW
ysus VDD
+
SZ Vto
/Q SW4 /n SW1
? ?
Sw2
F———-- 7
|
§
!
Vdat W C|$|t G| : Ny
 —— T o N
i nz |l ni Il: DR i
|
Vdata Vg = Vth+Vss = f--——- 4




U.S. Patent Apr.17,2012  Sheet 8 of § US 8,159,421 B2
122
St = LOW
S2 = KIGH
VSus VDD
loled
E SW4 SW1
o)
SW2
o——¢
Cst D
SW3
|| G lE
Voata 0 nz || n | 5 DR
VSUS Vg = Vth+Vss+AVn2
AVn2 = VSUS-Vdata
Vss
600 CHR (%)
500 —o— Vdata=0V
~—a—— Vdata=1V
:g\ 400 —+— Vdata=2V
E 300 ———— Vdata=3V
° —— Vdata=4V
200 ~—e— Vdata=bV
——+— Vdata=6V
100 ——— Vdata=V
0
*Cst=300fF




US 8,159,421 B2

1
ORGANIC LIGHT EMITTING DIODE
DISPLAY

This application claims the benefit of Korean Patent Appli-
cation No. 10-2008-0015064, filed Feb. 19, 2008, which is
hereby incorporated by reference in its entirety for all pur-
poses as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
diode (OLED) display, in particular, to an organic light emit-
ting diode (OLED) display capable of increasing the life
thereof and of improving display quality and a method of
driving the same.

2. Discussion of the Related Art

Recently, various flat panel displays (FPD) having reduced
reducing weight and volume compared to cathode ray tubes
(CRT) based displays are being developed. The FPDs include
liquid crystal displays (LCD), field emission displays (FED),
plasma display panels (PDP), and electroluminescence
devices.

Because the structure and manufacturing processes of the
PDP are simple, the PDP is spotlighted as a display that is
light, thin, short, and small and that is advantageous for use in
large screen display applications. However, the PDP has low
light emitting efficiency and brightness and large power con-
sumption. A thin film transistor (TFT) LCD in which a TFT is
used as a switching device is one of the most widely used
FPDs. However, because the TFT LCD is a non-emitting
device, the TFT LCD has a narrow viewing angle and low
response speed.

Electric field light emitting devices are classified as inor-
ganic light emitting diode displays or organic light emitting
diode (OLED) displays in accordance with the material of an
emission layer. In particular, the OLED display responds at
high speed and has high light emitting efficiency, brightness,
and a wide viewing angle due to using a self-emitting device.

An OLED for adisplay is illustrated in FIG. 1. The OLED
include organic compound layers such as a hole injection
layer (HIL), a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and an electron
injection layer (EIL) formed between an anode electrode and
a cathode electrode.

The organic compound layers include a hole injection layer
(HIL) 78e, a hole transport layer (HTL) 784, an emission
layer (EML) 78¢, an electron transport layer (ETL) 78b, and
an electron injection layer (EIL) 78a.

When a driving voltage is applied between the anode elec-
trode and the cathode electrode, holes that pass through the
HTL 784 and electrons that pass through the ETL 785, meet
in the emission layer (EML) 78¢ to form excitons. As a result,
the EML 78¢ generates visible rays.

The OLED display includes a matrix of pixels each includ-
ing an OLED, and controls the brightness of pixels selected
by a scan pulse in accordance with the gray scale of digital
video data.

The OLED displays may be operated using a passive
matrix method or using an active matrix method in which the
TFT is used as the switching device.

In the active matrix method, a TFT employed as an active
device is selectively turned on to select pixels and the lumi-
nescence of the pixels is sustained by a voltage sustained in a
storage capacitor.
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FIG. 2 is a circuit diagram schematically illustrating one
pixel in the OLED display employing the active matrix
method.

Referring to FIG. 2, the pixel of the OLED display in the
active matrix method includes an OLED, a data line DL and
a gate line GL that cross each other, a switch TFT SW, a
driving TFT DR, and a storage capacitor Cst. The switch TFT
SW and the driving TFT DR are realized using N-type MOS-
FETs.

The switch TFT SW is turned on in response to the scan
pulse from the gate line GL to allow a current flow through a
current path between the source electrode and the drain elec-
trode thereof. In the on time period of the switch TFT SW, the
data voltage from the data line DL is applied to the gate
electrode of the driving TFT DR and the storage capacitor Cst
via the source electrode and the drain electrode of the switch
TFT SW.

The driving TFT DR controls the current that flows through
the OLED in accordance with a voltage difference Vgs
between the gate electrode and the source electrode thereof.

The storage capacitor Cst stores the data voltage applied to
one electrode thereof to maintain the voltage supplied to the
gate electrode of the driving TFT DR for one frame.

The OLED has the structure illustrated in FIG. 1. The
OLED is connected between the source electrode of the driv-
ing TFT DR and a low potential driving voltage source VSS.

The brightness of the pixel illustrated in FIG. 2 is in pro-
portion to the current that flows through the OLED. The
current flowing through the OLED is determined by the dif-
ference voltage between the gate voltage and the source volt-
age of the driving TFT DR, the threshold voltage of the
driving TFT DR, and the data voltage as illustrated in EQUA-
TION 1.

Vgs=Vg—-Vs [EQUATION 1]

Vg = Vdara, Vs = Vss
k o
Ioled = E(Vgs— Vith)

k 2
= E(Vdata— Vss — Vih)

In EQUATION 1, Vgs represents a difference voltage
between the gate voltage Vg and the source voltage Vs of the
driving TFT DR, Vdata represents the data voltage, Vss rep-
resents the low potential driving voltage, Ioled represents the
driving current, Vth represents the threshold voltage of the
driving TFT DR, and k represents a constant value deter-
mined by the mobility and the parasitic capacitance of the
driving TFT DR

As illustrated in EQUATION 1, the current Ioled of the
OLED is remarkably affected by the threshold voltage Vth of
the driving TFT DR.

In general, when a gate voltage of the same polarity is
applied to the gate electrode of the driving TFT DR for a long
time, gate-bias stress is increased so that the threshold voltage
Vth of the driving TFT DR is increased, thus changing the
operation characteristic of the driving TFT DR. A change in
the operation characteristic of the driving TFT DR is illus-
trated in the experiment result of FIG. 3.

FIG. 3 illustrates that the characteristic curve for a sample
hydrogenised amorphous silicon (A-Si:H) TFT changes
when positive gate-bias stress is applied to an A-Si:H TFT
whose channel width/channel length W/L is 120 pm/6 pm. In
FIG. 3, the axis of abscissa represents the gate voltage V ofthe
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A-Si:H TFT as the sample and the axis of ordinate represents
current A between the source electrode and the drain elec-
trode of the A-Si:H TFT as the sample.

FIG. 3 illustrates the shift in the threshold voltage and the
transmission characteristic curve of the TFT with the increase
in voltage application time when a voltage of +30V 1s applied
to the gate electrode of the A-Si:H TFT as an example. As
illustrated in FIG. 3, as the duration for applying a positive
voltage to the gate electrode of the A-Si:H TFT increases, the
transmission characteristic curve of the TFT moves to the
right and the threshold voltage of the A-Si:H TFT increases.
In the illustrated example, the threshold voltage increases
from Vthl to Vth4.

The increase in the threshold voltage of the driving TFT
DR makes the operation point of the driving TFT DR
unstable, reducing the life of the display. For example, in the
pixel circuit illustrated in FIG. 2, when the threshold voltage
Vth of the driving TFT DR increases from 1.5V to 2V,
although the same data voltage is applied, the amount of
driving current is reduced to 70% of the initial value. In
addition, when pixels are driven by data voltages having
different magnitudes in a uniform period, the deterioration
degree of the driving TFT DR of the pixel to which a relatively
large data voltage is accumulatively applied is larger than the
deterioration degree of the driving TFT DR of the pixel to
which a relatively small data voltage is accumulatively
applied. Therefore, when the same data voltage is subse-
quently applied to the pixels, the amount of the current that
flows through the OLED varies with each pixel, reducing
display quality.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an organic
light emitting diode (OLED) display that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art

An advantage of the present invention is to provide an
organic OLED display capable of preventing the current that
flows through the OLED from being affected by a change in
the threshold voltage of a driving TFT so that the life of the
display is increased and that display quality is improved and
a method of driving the same.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. These and other advantages of the invention
will be realized and attained by the structure particularly
pointed out in the written description and claims hereof as
well as the appended drawings

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, there is provided an organic light emitting
diode (OLED) display, including: a plurality of data lines to
which a data voltage is supplied; a plurality of pairs of gate
lines each comprising a first gate line to which a first scan
pulse is supplied and a second gate line to which a second
scan pulse partially overlapping the first scan pulse in an
opposed phase is supplied; a high potential driving voltage
source for generating a high potential driving voltage; a low
potential driving voltage source for generating a low potential
driving voltage; a sustain driving voltage source for generat-
ing a sustain driving voltage having a value between the high
potential driving voltage and the low potential driving volt-
age; an OLED that emits light in response to a current that
flows from the high potential driving voltage source to the low
potential driving voltage source and that flows through the
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OLED:; a driving device for controlling the current that flows
through the OLED in accordance with a gate-source voltage
applied between a gate electrode connected to a first node and
a source electrode connected to the low potential driving
voltage source; a storage capacitor connected between the
first node and the second node; and a switch circuit for charg-
ing the first node by a reset voltage in a first period, for
discharging the reset voltage to sustain a potential of the first
node as a sum of a threshold voltage of the driving device and
the low potential driving voltage and to supply the data volt-
age to the second node in a second period following the first
period, and for increasing a potential of the second node from
the data voltage by a voltage difference between the sustain
driving voltage and the data voltage in a third period follow-
ing the second period, in response to the first and second scan
pulses.

The first period is a reset period between a rising edge of
the first scan pulse and a falling edge of the second scan pulse
generated later than the rising edge of the first scan pulse, the
second period is a threshold voltage sensing period between a
falling edge of the second scan pulse and a rising edge of the
second scan pulse generated at a moment when a falling edge
of the first scan pulse is generated, and the third period is an
emission period defined as a low logic period of the first scan
pulse that starts from the falling edge of the first scan pulse
and a high logic period of the second scan pulse that starts
from the rising edge of the second scan pulse.

The current that flows through the OLED in the emission
period is obtained by following equations

Vg = Vsus — Vdata + Vss + Vih, Vs = Vss
Vgs = Visus — Vdata+ Vih
loled = = (Vgs— Vihy

(Vsus — Vdata + Vih— Vih}

(Visus — Vdam)2

TR S ST

wherein, Vgs represents a voltage difference between a
gate voltage Vg and a source voltage Vs of a driving TFT,
Vsus represents a sustain driving voltage, Vdata represents a
data voltage, Vth represents a threshold voltage of the driving
TFT, Vss represents a low potential driving voltage, and k
represents a constant value determined by mobility and para-
sitic capacity of the driving TFT.

The switch circuitincludes a first switch device for forming
a current path between the high potential driving voltage
source and the low potential driving voltage source in
response to the second scan pulse, a second switch device for
forming a current path between a drain electrode of the driv-
ing device and the first node in response to the first scan pulse,
a third switch device for forming a current path between the
data line and the second node in response to the first scan
pulse, and a fourth switch device for forming a current path
between the sustain driving voltage source and the second
node in response to the second scan pulse.

The OLED includes an anode electrode connected to the
high potential driving voltage source and a cathode electrode
connected to a drain electrode of the first switch device.

The drain electrode of the driving device is commonly
connected to a source electrode of the first switch device and
a drain electrode of the second switch device.
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The first switch device includes a gate electrode connected
to the second gate line, a drain electrode connected to the
cathode electrode of the OLED, and a source electrode com-
monly connected to the drain electrode of the driving device
and the drain electrode of the second switch device. The
second switch device includes a gate electrode connected to
the first gate line, a drain electrode commonly connected to
the drain electrode of the driving device and the source elec-
trode of the first switch device, and a source electrode con-
nected to the first node. The third switch device includes a
gate electrode connected to the first gate line, a drain elec-
trode connected to the data line, and a source electrode con-
nected to the second node. The fourth switch device includes
a gate electrode connected to the second gate line, a drain
electrode connected to the sustain driving voltage source, and
a source electrode connected to the second node.

In another aspect of the present invention, a method of
driving the OLED display that includes: a plurality of data
lines to which a data voltage is supplied; a plurality of pairs of
gate lines each comprising a first gate line to which a first scan
pulse is supplied and a second gate line to which a second
scan pulse partially overlapping the first scan pulse in an
opposed phase is supplied; a high potential driving voltage
source for generating a high potential driving voltage; a low
potential driving voltage source for generating a low potential
driving voltage; a sustain driving voltage source for generat-
ing a sustain driving voltage having a value between the high
potential driving voltage and the low potential driving volt-
age; an OLED that emits light in response to a current that
flows from the high potential driving voltage source to the low
potential driving voltage source and that flows through the
OLED:; a driving device for controlling the current that flows
through the OLED in accordance with a gate-source voltage
applied between a gate electrode connected to a first node and
a source electrode connected to the low potential driving
voltage source; a storage capacitor connected between the
first node and the second node; and a switch circuit for charg-
ing the first node by a reset voltage in a first period, for
discharging the reset voltage to sustain a potential of the first
node as a sum of a threshold voltage of the driving device and
the low potential driving voltage and to supply the data volt-
age to the second node in a second period following the first
period, and for increasing a potential of the second node from
the data voltage by a voltage difference between the sustain
driving voltage and the data voltage in a third period follow-
ing the second period, in response to the first and second scan
pulses is provided, the method including: charging the first
node by the reset voltage in the first period; discharging the
reset voltage to sustain the potential of the first node as a sum
of the threshold voltage of the driving device and the low
potential driving voltage and to supply the data voltage to the
second node in the second period; and increasing potential of
the second node from the data voltage by the voltage differ-
ence between the sustain driving voltage and the data voltage
in the third period.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention
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In the drawings:

FIG. 1 is a diagram illustrating the luminescence principle
of a common OLED display;

FIG. 2 is a circuit diagram equivalently illustrating one
pixel in a related art OLED display in an active matrix
method;

FIG. 3 illustrates an example in which the threshold voltage
ofadriving thin film transistor (TFT) increases due to positive
gate-hias stress;

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

FIG. 5 is a timing diagram showing a pair of scan pulses
and a data voltage that are supplied to a pixel of the display of
FIG. 4;

FIG. 6 is an equivalent circuit diagram illustrating the
[j,k]th pixel in the OLED display according to the embodi-
ment of the present invention;

FIG. 7 is an equivalent circuit diagram of the pixel in the
reset period T1 of FIG. 5;

FIG. 8 is an equivalent circuit diagram of the pixel in the
threshold voltage sensing period T2 of FIG. 5;

FIG. 9 is an equivalent circuit diagram of the pixel in the
emission period T3 of FIG. 5; and

FIG. 10 illustrates a simulation result showing a change in
the amount of driving current that flows through an OLED in
accordance with a change in the threshold voltage of the
driving TFT.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in
FIGS. 4 to 10 of the accompanying drawings

FIG. 4 is a block diagram illustrating an organic light
emitting diode (OLED) display according to an embodiment
of the present invention. FIG. 5 is a timing diagram showing
a pair of scan pulses S1 and S2 and a data voltage Vdata that
are supplied to a pixel 122 pf the display of F1G. 4.

Referring to FIGS. 4 and 5, the OLED display according to
the embodiment of the present invention includes a display
panel 116 in which a matrix of mxn pixels 122 are formed, a
data driving circuit 120 for supplying an analog data voltage
to data lines D1 to Dm, a gate driving circuit 118 for sequen-
tially supplying a first scan pulse S1 to first gate lines G11 to
G1r and for sequentially supplying a second scan pulse S2 to
second gate lines G21 to G2r, and a timing controller 124 for
controlling the driving timing of the data driving circuit 120
and the gate driving circuit 118.

The display panel 116 includes pixels 122 formed at the
crossings between pairs of gate lines G11G21, G12G22, .. .,
and G12G2#r in which a first and second gate lines one-to-one
correspond to make each pair, and data lines D1 to Dm. In the
display panel 116, signal wiring lines a for supplying a high
potential driving voltage Vdd to the pixels 122, signal wiring
lines b for supplying a low potential driving voltage Vss to the
pixels 122, and signal wiring lines ¢ for supplying a sustain
driving voltage Vsus having potential between the high
potential driving voltage Vdd and the low potential driving
voltage Vss are formed.

The data driving circuit 120 converts digital video data
RGB into an analog data voltage (hereinafter, referred to as a
data voltage) in response to a data control signal DDC from
the timing controller 124 to supply the analog data voltage to
the data lines D1 to Dm. The data voltage is supplied to the
pixels 122 via the data lines D1 to Dm.
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The gate driving circuit 118 sequentially supplies the pair
of scan pulses S1 and S2 illustrated in FIG. 5 to the pairs of
gate lines G11G21, G12G22, .. ., and G12G2#n in response to
a gate control signal GDC from the timing controller 124.
Among the pair of scan pulses S1 and S2, the first scan pulse
S1 is supplied to the pixels 122 via the first gate lines G11 to
G1n and the second scan pulse S2 is supplied to the pixels 122
via the first gate lines G21 to G2n.

The timing controller 124 supplies the digital video data
RGB from the outside to the data driving circuit 120 and
generates the control signals DDC and GDC for controlling
the operation timings of the gate driving circuit 118 and the
data driving circuit 120 using vertical/horizontal synchroniz-
ing signals H,Vsync and a clock signal CLK.

In the timing diagram of FIG. 5, T1 represents a reset
period, T2 represents a threshold voltage sensing period, and
T3 represents an emission period.

In the reset period T1, the gate voltage of the driving TFT
formed in the pixel 122 is initialized to a reset voltage
approximately equal to the high potential driving voltage
Vdd. The reset period T1 is defined as a period between the
rising edge ofthe first scan pulse S1 and the falling edge of the
second scan pulse S2.

In the threshold voltage sensing period T2, the gate voltage
of the driving TFT is discharged from a reset voltage value to
a threshold voltage value to sense the threshold voltage of the
driving TFT. The threshold voltage sensing period T2 is
defined as a period between the falling edge of the second
scan pulse S2 and the rising edge of the second scan pulse S2.

In the emission period T3, the OLED emits light by a
voltage difference between the gate and source of the driving
TFT including the sensed threshold voltage. The emission
period T3 is defined as the low logic period of the first scan
pulse S1 that starts from the falling edge of the first scan pulse
S1 and the high logic period of the second scan pulse S2 that
starts from the rising edge of the second scan pulse S2.

The operations of the pixels 122 in the reset period T1, the
threshold voltage sensing period T2, and the emission period
T3 will be described in detail with reference to FIGS. 710 9.

A high potential driving voltage source VDD for supplying
the high potential driving voltage Vdd to the pixels 122, alow
potential driving voltage source VSS for supplying the low
potential driving voltage Vss, and a sustain driving voltage
source VSUS having potential between the high potential
driving voltage and the low potential driving voltage are
connected to the display panel 116. The low potential driving
voltage Vss supplied from the low potential driving voltage
source VSS may be commonly set as a ground voltage
Ground.

Each of'the pixels 122 includes the OLED, the driving TFT
DR, four switches TFTs SW1 to SW4, and the storage capaci-
tor Cst as illustrated in FIG. 6.

FIG. 6 is an equivalent circuit diagram illustrating the
[j.k]th pixel 122 included in the OLED display according to
the embodiment of the present invention.

Referring to FIG. 6, the pixel 122 according to the embodi-
ment of the present invention includes the OLED, the driving
TFT DR, the switch circuit 130, and the storage capacitor Cst
that are formed at the crossing between the kth data line Dk
and the jth pair of gate lines Gj1 and Gj2.

The anode electrode of the OLED is connected to the high
potential driving voltage source VDD and the cathode elec-
trode of the OLED is connected to the switch circuit 130. The
OLED has the structure illustrated in FIG. 1 and emits light by
the driving current controlled by the driving TFT DR.

The gate electrode G of the driving TFT DR is connected to
a first node nl, the drain electrode D of the driving TFT DR is
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connected to the switch circuit 130, and the source electrode
S of the driving TFT DR is connected to the low potential
driving voltage source VSS. The driving TFT DR controls the
amount of current that flows through the OLED in accordance
with a voltage difference Vgs between the gate voltage
applied to the gate electrode G thereof and the source voltage
applied to the source electrode S thereof. Here, the driving
TFT DR is realized by an N-type electronic metal-oxide
semiconductor field effect transistor. The semiconductor
layer of the driving TFT DR includes an amorphous silicon
layer.

The switch circuit 130 includes the first to fourth switch
TFTs SW1 to SW4. The switch circuit 130 charges the first
node nl to the reset voltage in response to the pair of scan
pulses S1 and S2 supplied to the jth pair of gate lines Gj1 and
Gj2, diode-connects the driving TFT DR to discharge the
reset voltage so that the potential of the first node nl is
sustained as the threshold voltage of the driving TFT DR,
allows current to flow through a current path between the data
line Dk and a second node n2 to supply a data voltage Vdata
to the second node n2, and allows current to flow through a
current path between the sustain driving voltage source VSUS
and the second node n2 to supply the sustain driving voltage
to the second node n2.

Therefore, the gate electrode G of the first switch TFT SW1
is connected to the second gate line Gj2 among the jth pair of
gate lines Gj1 and Gj2, the drain electrode D of the first switch
TFT SW1 is connected to the cathode electrode of the OLED,
and the source electrode S of the first switch TFT SW1 is
connected to the drain electrode D of the driving TFT DR. The
gate electrode G of the second switch TFT SW2 is connected
to the first gate line Gj1 among the jth pair of gate lines Gjl
and Gj2, the drain electrode D of the second switch TFT SW2
is commonly connected to the source electrode S of the first
switch TFT SW1 and the drain electrode D of the driving TFT
DR, and the source electrode S ofthe second switch TFT SW2
is connected to the first node nl. The first and second switches
TFTs SW1 and SW2 are driven in response to the first and
second scan pulses S1 and S2 to charge the first node n1 by the
reset voltage approximate to the high potential driving volt-
age and connects the driving TFT DR to act, as a diode to
discharge the reset voltage and to converge the potential of the
first node nl to the sum of the threshold voltage of the driving
TFT DR and the low potential driving voltage Vss.

The gate electrode G of the third switch TFT SW 3 is
connected to the first gate line Gj1 among the jth pair of gate
lines Gjl and Gj2, the drain electrode D of the third switch
TFT SW3 is connected to the kth data line Dk, and the source
electrode S of the third switch TFT SW3 is connected to the
second node n2. The third switch TFT SW3 is turned on in
response to the first scan pulse S1 so that current flows
through the current path between the data line Dk and the
second node n2 to supply the data voltage Vdata to the second
node n2.

The gate electrode G of the fourth switch TFT SW 4 is
connected to the second gate line Gj2 among the jth pair of
gate lines Gjl and Gj2, the drain electrode D of the fourth
switch TFT SW4 is connected to the sustain driving voltage
source VSUS, and the source electrode S of the fourth switch
TFT SW4 is connected to the second node n2. The fourth
switch TFT SW4 allows current to flow through a current path
between the sustain driving voltage source VSUS and the
second node n2 to supply the sustain driving voltage to the
second node n2. The sustain driving voltage changes the
potential of the second node n2 from the stored data voltage
Vdata to a voltage difference between the sustain driving
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voltage and the data voltage to boost up the potential of the
first node n1 through the storage capacitor Cst.

One electrode of the storage capacitor Cst is connected to
the first node nl and the other electrode of the storage capaci-
tor Cst is connected to the second node n2. The storage
capacitor Cst sustains the potential of the boosted up first
node n1 including the threshold voltage of the driving TFT
DR to be uniform in a period where the OLED emits light.

The operation of the pixel 122 will be described in stages
with reference to FIGS. 710 9.

FIG. 7 is an equivalent circuit diagram of the pixel 122 in
the reset period T1 of FIG. 5.

Referring to FIG. 7, in the reset period T1, the first scan
pulse S1 is generated to have a high logic voltage level to turn
on the second switch TFT SW2 and the second scan pulse S2
is generated to have the high logic voltage level to turn on the
first switch TFT SW1.

Therefore, the reset voltage Vrs according to EQUATION
2 is supplied to the first node n1.

Vis=(Vdd-Vio+Vih)/2, [EQUATION 2]

In EQUATION 2, Vdd represents the high potential driving
voltage, Vto represents the threshold voltage of the OLED,
and Vth represents the threshold voltage of the driving TFT
DR.

On the other hand, in the reset period T1, the third and
fourth switch TFTs SW3 and SW4 are turned on in response
to the first and second scan pulses S1 and S2 to supply the
sustain driving voltage and the average voltage of the data
voltage Vdata to the second node n2.

FIG. 8 is an equivalent circuit diagram of the pixel 122 in
the threshold voltage sensing period T2 of FIG. 5.

Referring to FIG. 8, in the threshold voltage sensing period
T2, the first scan pulse S1 is sustained at the high logic voltage
to sustain the second switch TFT SW2 and the third switch
TFT SW3 to be turned on and the second scan pulse S2 is
inverted into a low logic voltage to turn off the first switch
TFT SW1 and the fourth switch TFT SW4.

Therefore, the potential of the first node n1 converges from
the reset voltage Vrs to the sum Vth+Vss of the threshold
voltage Vth and the low potential driving voltage Vss of the
driving TFT DR by a discharge process through the driving
TFT DR that operates (shown in a dotted line) like a diode, the
potential of the second node n2 converges from the average
voltage of the sustain driving voltage and the data voltage
Vdatato the data voltage Vdata. The potential of the first and
second nodes nl and n2 is sustained to be uniform with the
storage capacitor Cst interposed.

FIG. 9 is an equivalent circuit diagram of the pixel 122 in
the emission period T3 of FIG. 5.

Referring to FIG. 9, in the emission period T3, the first scan
pulse S1 is inverted into the low logic voltage to turn off the
second switch TFT SW2 and the third switch TFT SW3 and
the second scan pulse S2 is inverted into thehighlogic voltage
to turn on the first switch TFT SW1 and the fourth switch TFT
SW4.

Therefore, since the sustain driving voltage is supplied
from the sustain driving voltage source VSUS to the second
node n2, the potential of the second node n2 changes from the
previously stored data voltage Vdata by a voltage
difference An2=VSUS-Vdata between the sustain driving
voltage and the data voltage. Since the first node nl is con-
nected to the second node n2 with the storage capacitor Cst
interposed, when the potential of the second node n2 changes,
the potential of the first node n1 changes by the change An2 in
the potential of the second node n2. For example, when the
sustain driving voltage has alarger value than the data voltage
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Vdata, the potential of the second node n2 increases and the
potential of the first node nl is also boosted up through the
storage capacitor Cst. That is, the potential of the first node nl
increases from the previously stored sum Vth+Vss by the
change An2. The potential of the first node nl is sustained to
be uniform by the sustain driving voltage continuously sup-
plied to the second node n2 in the emission period T3. Since
the voltage charged in the first node n1 has the same potential
as the gate voltage Vg of the driving TFT DR, the driving
current loled that flows through the OLED is obtained by
BQUATION 3.

Vg = Vsus — Vdata+ Vss + Vih, Vs = Vss [EQUATION 3]

Vgs = Visus — Vdata+ Vih

loled = = (Vgs— Vihy

(Vsus — Vdata + Vih — Vih)*

ST S IR S YIRS

(Visus — Vdata)2

In EQUATION 3, Vgs represents the voltage difference
between the gate voltage Vg and the source voltage Vs of the
driving TFT DR, Vsus represents the sustain driving voltage,
Vdata represents the data voltage, Vth represents the thresh-
old voltage of the driving TFT DR, Vss represents the low
potential driving voltage, and k represents a constant value
determined by the mobility and parasitic capacitance of the
driving TFT DR.

Since the threshold voltage Vth of the driving TFT DR and
the low potential driving voltage Vss are not included in the
function of EQUATION 3, the driving current Ioled that flows
through the OLED is not affected by the change in the thresh-
old voltage Vth of the driving TFT DR and the potential ofthe
low potential driving voltage Vss. Therefore, the deteriora-
tion of display quality that is caused by a difference in the
change of the threshold voltage Vith of the driving TFT DR
among pixels and a difference in the potential of the low
potential driving voltage Vss among the pixels is minimized.

FIG. 10 illustrates a simulation result showing a change in
the amount of driving current that flows through the OLED in
accordance with the change in the threshold voltage Vth of the
driving TFT DR. In FIG. 10, the axis of ordinate represents
the driving current loled and the axis of abscissa represents
the threshold voltage Vth of the driving TFT DR. Under the
conditions for the simulation, the sustain driving voltage
VSUS is 7V, thehigh potential driving voltage Vdd is 14V, the
low potential driving voltage VSS is 0V, the scan pulses S1
and S2 are -5V to 20V, the data voltage Vdata is between 0V
to 7V, and the capacity of the storage capacitor Cst is 300 {F.

Referring to FIG. 10, according to the embodiment of the
present invention, it is noted that, although the threshold
voltage Vth of the driving TFT DR increases to 3V by the gate
bias stress, the amount of current that flows through the
OLED is sustained no less than 90% in comparison with the
initial state before the increase in the threshold voltage Vth
under the same data voltage. This shows that, considering that
the amount of driving current is reduced to no more than 70%
of the initial value when the threshold voltage Vth of the
related art driving TFT DR increases from 1.5V to just 2V, the
current sustaining ratio CHR (%) for the OLED according to
the present invention is remarkably increased. Therefore, in
the OLED according to the embodiment of the present inven-
tion, although the threshold voltage Vth of the driving TFT
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DR changes, the amount of current that flows through the
OLED does not change so substantially so that the display
quality can be remarkably improved.

On the other hand, according to the present invention,
although the driving current loled is theoretically unaffected
by the change in the threshold voltage Vth of the driving TFT
DR, the driving current Ioled is actually slightly affected by
the change in the threshold voltage Vth of the driving TFT DR
asillustrated in FIG. 10 due to value of the k being determined
by the mobility and parasitic capacitance of the driving TFT
DR and due to the potential value of a wiring line for supply-
ing the sustain driving voltage Vsus are included in the func-
tion of the EQUATION 3.

As described above, in the OLED display according to the
present invention and the method of driving the same, the
threshold voltage of the driving TFT is not included in the
gate-source voltage of the driving TFT so that the current that
flows through the OLED is not affected by the change in the
threshold voltage of the driving TFT to improve the display
quality and to remarkably improve the life of the OLED
display. Furthermore, in the OLED display according to the
present invention and the method of driving the same, the low
potential driving voltage that is the voltage of the source of the
driving TFT is included in the gate-source voltage of the
driving TFT so that the current that flows through the OLED
is not affected by the change in the potential of the low
potential driving voltage to improve the display quality.

While the invention has been shown and described with
respect to the embodiments, it will be understood by those
skilled in the art that various changes and modifications may
be made without departing from the spirit and scope of the
invention as defined in the following claims. For example,
according to the embodiment of the present invention, the
driving TFT is realized by the N-type MOSFET. However, the
present invention is not limited to the above and the driving
TFT can be realized by a P-type MOSFET. Therefore, the
scope of the present invention is not limited to the particular
embodiments described in the detailed description of the
specification but is to be determined by the scope of the
claims.

What is claimed is:

1. An organic light emitting diode (OLED) display, com-

prising:

a plurality of data lines to which a data voltage is supplied,

aplurality of pairs of gate lines each comprising a first gate
lines to which a first scan pulse is supplied and a second
gate lines to which a second scan pulse-partially over-
lapping the first scan pulse in an opposed phase is sup-
plied;

a high potential driving voltage source for generating a
high potential driving voltage;

alow potential driving voltage source for generating a low
potential driving voltage;

a sustain driving voltage source for generating a sustain
driving voltage having a value between the high poten-
tial driving voltage and the low potential driving voltage;

an OLED that emits light by current that flows between the
high potential driving voltage source and the low poten-
tial driving voltage source;

a driving device comprising a drain electrode, a gate elec-
trode connected to a first node, and a source electrode
connected to the low potential driving voltage source to
control the current that flows through the OLED,

a storage capacitor connected between the first node and a
second node; and
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a switch circuit, comprising

a first switch device for switching a current path between
the OLED and a drain electrode of the driving device in
response to the second scan pulse;

a second switch device for switching a current path
between the drain electrode of the driving device and the
first node in response to the first scan pulse;

a third switch device for switching a current path between
the data line and the second node in response to the first
scan pulse; and

a fourth switch device for switching a current path between
the sustain driving voltage source and the second node in
response to the second scan pulse,

wherein the first and second scan pulses have opposed
phases in other periods than a period between a rising
edge of the first scan pulse and a falling edge of the
second scan pulse generated after the rising edge of the
first scan pulse.

2. The OLED display of claim 1,

wherein the first period is a reset period between a rising
edge of the first scan pulse and a falling edge of the
second scan pulse generated later than the rising edge of
the first scan pulse,

wherein the second period is a threshold voltage sensing
period between a falling edge of the second scan pulse
and a rising edge of the second scan pulse generated ata
moment when a falling edge of the first scan pulse is
generated, and

wherein the third period is an emission period defined as a
low logic period of the first scan pulse that starts from the
falling edge of the first scan pulse and a high logic period
of the second scan pulse that starts from the rising edge
of the second scan pulse.

3. The OLED of claim 2, wherein current bled that flows

through the OLED in the emission period is obtained by
following EQUATION.

Vg = Vsus — Vdata + Vss + Vih, Vs = Vss

Vgs = Visus — Vdata+ Vih

loled = = (Vgs— Vih?

(Vsus — Vdata + Vih — Vih)?

S IR NS IR NS Y

(Visus — Vdata)2

wherein, Vgs represents a voltage difference between a
gate voltage and a source voltage of a driving device,
Vsus represents a sustain driving voltage, Vdata repre-
sents a data voltage, Vth represents a threshold voltage
of the device, Vss represents a low potential driving
voltage, and k represents a constant value determined by
mobility and parasitic capacity of the device.

4. The OLED display of claim 1, wherein the OLED com-

prises:

an anode electrode connected to the high potential driving
voltage source; and

a cathode electrode connected to a drain electrode of the
first switch device.

5. The OLED display of claim 1, wherein the drain elec-
trode of the driving device is commonly connected to a source
electrode of the first switch device and a drain electrode of the
second switch device.



US 8,159,421 B2

13

6. The OLED display of claim 5,

wherein the first switch device comprises a gate electrode
connected to the second gate line, a drain electrode con-
nected to the cathode electrode of the OLED, and a
source electrode commonly connected to the drain elec-
trode of the driving device and the drain electrode of the
second switch device,

wherein the second switch device comprises a gate elec-
trode connected to the first gate line, a drain electrode
commonly connected to the drain electrode of the driv-
ing device and the source electrode of the first switch
device, and a source electrode connected to the first
node,

wherein the third switch device comprises a gate electrode
connected to the first gate line, a drain electrode con-
nected to the data line, and a source electrode connected
to the second node, and

wherein the fourth switch device comprises a gate elec-
trode connected to the second gate line, a drain electrode
connected to the sustain driving voltage source, and a
source electrode connected to the second node.
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7. The OLED display of claim 1, wherein the switch circuit
changes the first node by a reset voltage in a first period,
discharges the reset voltage to sustain a potential of the first
node as a sum of a threshold voltage of the driving device and
the low potential driving voltage and to supply the data volt-
age to the second node in a second period following the first
period, and increases a potential of the second node from the
data voltage by a voltage difference between the sustain driv-
ing voltage and the data voltage in a third period following the
second period, in response to the first and second scan pulses,
wherein the reset voltage is obtained by following equation,

Ves=(Vdd-Vio+Vth)/2

wherein Vdd represents the high potential driving voltage,
Vto represents the threshold voltage of the OLED, and
Vth represents the threshold voltage of the driving
device.
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