US 20090079679A1

12) Patent Application Publication (o) Pub. No.: US 2009/0079679 Al

a9y United States

Nam 43) Pub. Date: Mar. 26, 2009
(54) PIXEL DRIVING METHOD AND APPARATUS (30) Foreign Application Priority Data
FOR ORGANIC LIGHT EMITTING DEVICE
Sep. 20,2007  (KR) oo 10-2007-0096141
(75) Inventor: Woo-Jin Nam, Gyeonggi-Do (KR) Publication Classification
(51) Imt.ClL
Correspondence Address: G09G 3/32 (2006.01)
HOLLAND & KNIGHT LLP (52) US.CL et 345/82
2099 PENNSYLVANIA AVE, SUITE 100 (57) ABSTRACT

WASHINGTON, DC 20006 (US)

(73) Assignee: LG.PHILIPS LCD CO., LTD.,
Seoul (KR)
(21) Appl. No.: 12/003,627

(22) Filed: Dec. 28,2007

A pixel driving method for an organic light emitting device
includes charging a data voltage supplied through a data line
to a storage capacitor and driving an N-channel switching
transistor while cutting off supply of an upper power supply
voltage to an organic light emitting diode; and powering the
organic light emitting diode emit light by driving the N-chan-
nel driving transistor by the data voltage charged onto the
storage capacitor while supplying the upper power supply
voltage to the light emitting diode.
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PIXEL DRIVING METHOD AND APPARATUS
FOR ORGANIC LIGHT EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Thepresent disclosure relates to subject matter con-
tained in priority Korean Application No. 10-2007-0096141,
filed on Sep. 20, 2007, which is hereby incorporated by ref-
erence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to a method for driv-
ing a display panel, and more particularly, to a pixel driving
method and apparatus for an organic light emitting device
(OLED). Although embodiments of the invention are suitable
for a wide scope of applications, it is particularly suitable for
preventing a non-uniform brightness due to different levels of
a common voltage at different positions within a display
panel, and for preventing a flicker phenomenon due to a short
data voltage emission period in a large display panel.

[0004] 2. Description of the Related Art

[0005] Generally, an organic light emitting device (OLED)
is a plane-type light emitting device. In an OLED, an organic
light emitting layer is disposed between two electrodes facing
each other so that when a voltage is applied between the two
electrodes, electrons injected from one electrode are com-
bined with holes injected from another electrode in the
organic light emitting layer. As a result of the combination,
molecules in the light emitting layer are excited such that light
is emitted. Presently, the OLED is seen as the next generation
of display apparatus due to its excellent viewing characteris-
tics, light weight, thin thickness, and low voltage driving. The
OLED is classified as either an Active-Matrix type OLED or
a Passive-Matrix type OLED according to whether a switch-
ing device is provided in each of the unit pixels of a display
panel.

[0006] FIG. 1A is a block diagram showing an OLED in
accordance with the related art. As shown in FIG, 1A, the
related art OLED includes a scan driving unit 10 for sequen-
tially outputting scan signals to drive scan lines S1-Sn on a
display panel 30 under control of a signal controller (not
shown); a data driving unit 20 for outputting data voltages to
data lines D1-Dm on the display panel 30; and a display panel
30 having a plurality of pixels PXs at intersections between
the scan lines S1-Sn and the data lines D1-Dm. The pixels of
the active-matrix type OLED are driven by one of voltage
writing, current writing and digital writing.

[0007] FIG. 1B is a circuit for driving pixels PXs on the
display panel 30 of FIG. 1A. As shown in FIG. 1B, the pixel
circuit includes a switching transistor T1 transmitting data
voltages DATA supplied through the data lines D to a storage
capacitor C11 by being driven by the scan signals SCAN
supplied through the scan lines S; the storage capacitor C11
for being charged to the data voltage DATA is also connected
between a gate terminal of a driving transistor T12 and a
lower power supply voltage terminal Vss; a driving transistor
T12 supplies a driving current to an organic light emitting
diode OLED 11 having a brightness corresponding to the
driving current by having an anode connected to an upper
power supply ELVDD voltage terminal and having a cathode
connected to a drain of the driving transistor T12. The driving
current corresponds to the data voltage DATA charged onto
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the storage capacitor C11. The transistors T11 and T12 are
implemented as N-channel type thin film transistors (TFTs).

[0008] FIG. 2is a waveform of FIGS. 1A and 1B. FIG. 3 is
a schematic view showing an arrangement structure of power
supply voltage supply lines on a display panel. The operation
of the related art circuit for driving pixels shown in FIGS. 1A
and 1B will be explained with reference to FIGS. 2 and 3.

[0009] In each frame period as shown in FIG. 2, positive
scan signals Scan [1]-Scan [N] are sequentially supplied from
the scan driving unit 10 to the scan lines S1-Sn on the display
panel 30, thereby driving the pixels PXs on a corresponding
scan line (horizontal line). As also shown in FIG. 2, an upper
power supply voltage ELVDD of a certain level (ie., 15V) is
continuously supplied to the anode of the OLED 11 for one
frame period. FIG. 1B is an exemplary view showing just one
of a plurality of pixels (including a driving circuit) connected
to an optional scan line.

[0010] The switching transistor T11 is turned ON by a
corresponding scan signal among the scan signals Scan [1]-
Scan [N]. The data voltage DATA supplied from the data
driving unit 20 through a corresponding data line among the
data lines D1-Dm charges the storage capacitor C11 through
the switching transistor T11, and is maintained for a data
voltage emission period. The driving transistor T12 1s turned
ON by the data voltage DATA charged onto the storage
capacitor C11, and a certain amount of driving current corre-
sponding to the data voltage DATA flows through the OLED
11. Accordingly, the organic light emitting diode OLED 11
emits light with a brightness corresponding to the data voltage
DATA.

[0011] Thedriving current I, -, flowing inthe OLED 11 is
expressed as the following equation 1.

[Equation 1]

==

- Coie {Vpars = Vss = VP2

B2 =

lorep =

Here, “L” denotes a channel length of the driving transistor
T12, the “W” denotes a channel width ofthe driving transistor
T12, the “Cgy,.” 1s a capacitor component of a gate insulator,
the “V;;” denotes a threshold voltage, and the “V ., is a
data voltage charged onto the storage capacitor C11.

[0012] As shown in FIG. 3, a lower power supply voltage
Vss supply line 32 is arrayed on an array portion 31 with a
mesh structure so as to minimize a resistance. On each outer
periphery of the array portion 31 and the display panel 30,
other lower power supply voltage supply lines 33 and 34
having a wider width are arrayed, thereby smoothly supply-
ing the lower power supply voltage Vss.

[0013] In a data voltage programming period, when data
voltages are being charged onto the storage capacitors C11 of
the pixels PXs inside the display panel 30, about 1 pA of
current flows through the OLED 11 and the driving transistor
T12. The current flows to the lower power supply voltage
supply lines 33 and 34 through the lower power supply volt-
age supply line 32. Accordingly, the current flowing in the
display panel 30 has a total amount corresponding to several
tens of mA, and thus a potential on the lower power supply
voltage supply line 32 is increased. The increased lower
power supply voltage Vss' is expressed as the following equa-
tion 2.

Vss'=Vsstlorzp Rime [Equation 2]
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The driving current 1., ., of the OLED 11, and the resistance
R,,,.. of the lower power supply voltage supply line 32 have
different values depending on position inside of the display
panel 30.

[0014] As the potential on the lower power supply voltage
supply line 32 is increased, a driving voltage of the driving
transistor T12 inside the pixel is lowered, thereby lowering a
brightness of the OLED 11. As the lower power supply volt-
age Vss changes to Vss', the driving current I, ., of the
OLED 11 is lowered, which is expressed as the following
equation 3.

1w N [Equation 3]
losep = 5+ Csmva 1Vpam = Vss' = Vi) < 4
LY o Vss — Vi)
517 ComeVoars = Vs = Vi)
[0015] The potential on the lower power supply voltage

supply line 32 is increased at the time of programming the
data voltages due to the organic light emitting diode (OLED)
of each pixel, the lower power supply voltage supply line 32
having a mesh structure, and the current flowing the lower
power supply voltage supply line 32. Accordingly, the driving
voltage of the driving transistor inside the pixel is lowered,
thereby lowering brightness of the organic light emitting
diode depending on the location of the pixel in the mesh.
Since the brightness can be lowered at respective pixels by
different levels, a non-uniform brightness can result in the
overall display panel.

SUMMARY OF THE INVENTION

[0016] Accordingly, embodiments of the invention are
directed to a pixel driving method and apparatus for an
organic light emitting device that substantially obviates one
or more of the problems due to limitations and disadvantages
of the related art.

[0017] An object of embodiments of the invention is to
provide a pixel driving method and apparatus for an organic
light emitting device for preventing a driving voltage of a
driving transistor inside a pixel from dropping.

[0018] Another object of the present disclosure is to pro-
vide a pixel driving method and apparatus for an organic light
emitting device capable of sufficiently obtaining a data volt-
age programming period and a lighting duration of an organic
light emitting diode regardless of a size of a display panel.
[0019] Additional features and advantages of embodiments
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 embodiments of the invention.
The objectives and other advantages of the embodiments 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.

[0020] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, there is provided a pixel
driving method for an organic light emitting device includes:
charging a data voltage supplied through a data line to a
storage capacitor and driving an N-channel switching tran-
sistor while cutting off supply of an upper power supply
voltage to an organic light emitting diode; and powering the
organic light emitting diode emit light by driving the N-chan-
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nel driving transistor by the data voltage charged onto the
storage capacitor while supplying the upper power supply
voltage to the light emitting diode.

[0021] According to another aspect, there is provided a
pixel driving method for an organic light emitting device
includes: charging a data voltage supplied through a data line
to a storage capacitor and driving a P-channel switching
transistor while cutting off supply of a lower power supply
voltage to an organic light emitting diode; and powering the
organic light emitting diode emit light by driving the P-chan-
nel driving transistor by the data voltage charged onto the
storage capacitor while supplying the lower power supply
voltage to the organic light emitting diode.

[0022] According to another aspect, there is provided a
pixel driving apparatus for an organic light emitting device
including: a first switching transistor for transmitting data
voltages supplied through data lines to a storage capacitor by
being driven by scan signals when an upper power supply
voltage is cut off; a storage capacitor for being charged by the
data voltage when the upper power supply voltage is cutoff by
being connected between a gate terminal of a driving transis-
tor and a lower power supply voltage terminal; a driving
transistor for supplying a driving current to an organic light
emitting diode when the upper power supply voltage is sup-
plied, the driving current corresponding to the data voltage
charged onto the storage capacitor; a second switching tran-
sistor turned OFF when scan signals are supplied and con-
nected between the cathode of the OLED and the drain of the
driving transistor; an organic light emitting diode for emitting
light with a brightness corresponding to the driving current by
having an anode connected to the upper power supply voltage
and a cathode connected to a drain of the second switching
transistor.

[0023] According to yet another aspect, there is provided a
pixel driving apparatus for an organic light emitting device
including; a display panel having a plurality of display panel
regions such that a plurality of adjacent scan lines can be
included in each region; a plurality of diverged lower power
supply voltages; and pixels inside each of the plurality of
display panel regions share one lower power supply voltage
among the plurality of lower power supply voltages.

[0024] Itisto 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 embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0026] FIG.1Aisablock diagram showing an organic light
emitting device (OLED) in accordance with the related art;

[0027] FIG. 1B is a pixel circuit in accordance with the
related art;

[0028] FIG. 2 is a waveform of FIGS. 1A and 1B;

[0029] FIG. 3 is a schematic view showing an arrangement
structure of power supply voltage supply lines on a display
panel;

[0030] FIG. 4 is a view of a pixel circuit to which a pixel

driving method according to embodiments of the invention
can be applied,
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[0031] FIG. 5 is a waveform showing the pixel circuit of
FIG. 4:
[0032] FIG. 6isa view of another pixel circuit to which the

pixel driving method according to embodiments of the inven-
tion can be applied;

[0033] FIG.7isaview of still another pixel circuit to which
the pixel driving method according to embodiments of the
invention can be applied;

[0034] FIG. 8 is a waveform showing the pixel circuit of
FIG. 7;
[0035] FIG.9isa view of yet another pixel circuit to which

the pixel driving method according to embodiments of the
invention can be applied;

[0036] FIG. 10 is a view of an anode contact type-pixel
circuit according to embodiments of the invention in which
the driving transistor comes in contact with the anode of the
organic light emitting diode;

[0037] FIG. 11 is aview of a pixel circuit to which the pixel
driving method according to additional embodiments of the
invention;

[0038] FIGS. 12A and 12B are exemplary views showing
each lower power supply voltage; and

[0039] FIG. 13 is timing diagrams for a display panel driv-
ing according to additional embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings.

[0041] FIG. 4 is a view of a pixel circuit to which a pixel
driving method according to embodiments of the invention
can be applied, which is implemented with an N-channel thin
film transistor (TFT). FIG. 4 is an exemplary view showing
just one of a plurality of pixels (including a driving circuit)
arrayed on a horizontal line. As shown in FIG. 4, the pixel
circuit includes a switching transistor T41 driven by scan
signals for transmitting data voltages DATA supplied through
data lines to a storage capacitor C41 when an upper power
supply voltage ELVDD is cut off; a storage capacitor C41
connected between a gate terminal of a driving transistor T42
and a lower power supply voltage terminal Vss for be charged
by the data voltage DATA when the upper power supply
voltage ELVDD is cut off; a driving transistor T42 for sup-
plying a driving current corresponding to the data voltage
DATA charged onto the storage capacitor C41 to an organic
light emitting diode OLED 41 when the upper power supply
voltage ELVDD is supplied; and an organic light emitting
diode OLED 41 having an anode connected to the upper
power supply voltage ELVDD and a cathode connected to a
drain of the driving transistor T42 for emitting light with a
brightness corresponding to the driving current.

[0042] FIG. 5 is a waveform showing the pixel circuit of
FIG. 4. Hereinafter, a pixel driving method on the pixel circuit
will be explained in more detail with reference to FIG. 5. The
ELVDD of a ‘high’ level is not supplied to the anode of the
OLED 41 throughout one frame period. Instead, the ELVDD
of a ‘low’ level (OV) is supplied during the data voltage
programming period P1 of said one frame period. During the
data voltage programming period P1, positive scan signals
Scan[1]-Scan[N] are sequentially supplied to the respective
horizontal lines, thereby driving the pixels on the horizontal
lines. The driving of the pixels results in the data voltage
DATA being supplied trough the corresponding data line to
the storage capacitor C41 through the switching transistor
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T41 and being maintained for use during the data voltage
emission period P2, shown in FIG. 5. During the data voltage
programming period P1, the data voltage DATA of a ‘high’
level charged onto the storage capacitor C41 is also supplied
to the gate terminal of the driving transistor T42 so as to turn
on the driving transistor T42. However, since supply of the
upper power supply voltage ELVDD to the anode of the
OLED 41 is cut off, a voltage between drain and source
terminals Vds is ‘OV’. Accordingly, a current does not flow to
the lower power supply voltage Vss supply line 32 through the
OLED 41 and the driving transistor T42. That is, the driving
current 1, -, of the OLED 41 is ‘0.’ Since the current does
not flow to the lower power supply voltage supply line 32
through the OLED 41, a voltage of a lower power supply
voltage node A is maintained as the original level (OV)
regardless of a resistance of the lower power supply voltage
supply line 32. Accordingly, the data voltage DATA having a
desired level can be charged onto the storage capacitor C41.
[0043] Next, when the data voltage programming operation
(scanning operation) is completed, the switching transistor
T41 is turned OFF such that a gate node B is in an electrical
floating status.

[0044] Next, in the data voltage emission period P2, the
ELVDD ofa ‘high’ level is supplied to the anode of the OLED
41. Since the gate terminal of the driving transistor T42 is
being supplied with the data voltage DATA stored on the
storage capacitor C41, the driving transistor T42 is turned ON
such that current flows to the lower power supply voltage
supply line 32 through the OLED 41 and the driving transistor
T42 and the OLED 41 emits light.

[0045] As all the pixels on the display panel 30 are oper-
ated, a large amount of current flows to the lower power
supply voltage supply line 32. Accordingly, the voltage Vss of
the lower power supply voltage node A is increased to Vss' in
accordance with Ohm’s law (V=IR). Since the switching
transistor T41 is turned OFF, the gate node B is in an electrical
floating status. Therefore, when the voltage Vss of the lower
power supply voltage node A is increased to the Vss', the
voltage of the gate node B is also increased by coupling
through the storage capacitor C41. The voltage VB of the gate
node B is expressed as the following equation 4.

Vp = Data.[N] + Vss' — Vss [Equation 4]

[0046] A current flows to the lower power supply voltage
node A through the OLED 41 and the driving transistor T42
from the supplied ELVDD during the data voltage emission
period P2, and thus the voltage of the lower power supply
voltage node A changes from the Vss to the Vss.' Although the
voltage of the gate node B changes, a voltage Vgs between the
gate and source terminals of the driving transistor T42 does
not change. Accordingly, the driving current 1, ;- of the
OLED 41 is not influenced by the voltage change of the lower
power supply voltage node A, but is only influenced by the
data voltage DATA stored in the storeage capacitor C41. The
driving current I, -5, of the OLED 41 is expressed as the
following equation 5.

[Equation 3]

1
lorep = T Csie AVp = Vss' = V¥ =

~| =

1
3 - Cyp - {Data[N] - Vs — Vi 2
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[0047] The following table shows each change of the volt-
ages of the nodes A and B, and the driving current I, ., of the
OLED 41 in the data voltage programming period P1 and the
data voltage emission period P2.

Operation Period 1 Period 2
Node ‘A’ Vss Vss'
(potential rising)
Node ‘B’ Data - [N] Data - [N] + Vss' - Vss
lorzn 0 k- (Data - [N] = Vss - Vz)?

In the data voltage programming period P1 of one frame
period, the supply of the ELVDD may be cut off by various
methods so as to prevent a current from flowing to the lower
power supply voltage Vss supply line 32 through the OLED
41 and the driving transistor T42.
[0048] FIG. 6isa view of another pixel circuit to which the
pixel driving method according to embodiments of the inven-
tion can be applied. FIG. 6 shows one method for cutting-off
the supply of the ELVDD by using a switching transistor in
each pixel. More specifically, a drain and a source of the
switching transistor T43 are respectively connected between
the cathode of the OLED 41 and the drain of the driving
transistor T42. The switching transistor T43 is turned OFF
with a switching control signal EMS of a ‘low’ level to the
gate of the switching transistor T43 by a signal controller (not
shown) during the data voltage programming period P1.

[0049] FIG.7isaview of still another pixel circuit to which

the pixel driving method according to embodiments of the

invention can be applied, which shows a P-channel type Thin

Film Transistor (TFT). As shown in FIG. 7, the P-channel

type TFT includes a switching transistor T61 driven by a scan

signal for transmitting a data voltage DATA supplied through

a data line to a storage capacitor C61 when a lower power

supply voltage Vss is cut off; a storage capacitor C61 con-

nected between a gate terminal of a driving transistor T62 and
an upper power supply voltage terminal ELVDD is charged
by the data voltage DATA when the lower power supply

voltage Vss is cut off; a driving transistor T62 for supplying a

driving current to an organic light emitting diode OLED 61

when the lower power supply voltage Vss is supplied; and an

OLED 61 having an anode connected to a source terminal of

the driving transistor T62 and having a cathode connected to

the lower power supply voltage Vss for emitting light having
abrightness corresponding to the driving current. The driving
current corresponds to the data voltage DATA charged onto
the storage capacitor C61. Hereinafter, a pixel driving method
for the pixel circuit will be explained in more detail with

reference to FIG. 8.

[0050] FIG. 8 is a waveform showing the pixel circuit of
FIG. 7. The lower power supply voltage Vss of a ‘low’ level
is not supplied to the cathode of the OLED 61 during all of
one frame period. Instead, the Vss of a ‘high’ level is
supplied during the data voltage programming period P1 of
said one frame period. During the data voltage program-
ming period P1, negative scan signals Scan[1]-Scan[N] are
sequentially supplied to the respective horizontal lines,
thereby driving the pixels on the horizontal lines. The
driving of the pixels results in the data voltage DATA being
supplied through the corresponding data line to the storage
capacitor C61 through the switching transistor T61 and
being maintained for use in the data voltage emission
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period P2, as shown in FIG. 8. During the data voltage
programming period P1, the data voltage DATA of a ‘low’
level is charged onto the storage capacitor C61 and is also
applied to the gate terminal of the driving transistor T62 so
as to turn on the driving transistor T62. However, since the
supply of the lower power supply voltage Vss to the cath-
ode of the OLED 61 is cut off, a voltage between drain and
source terminals Vds is ‘OV’ Accordingly, the current does
not flow in the OLED 61 from the upper power supply
voltage ELVDD supply line. That is, the driving current
1oz zn0ofthe OLED 61 is 0.’ Since the current does not flow
in the OLED 61 from the upper power supply voltage
ELVDD supply line, a voltage of an upper power supply
voltage node A is maintained as the original level (15V)
during the data voltage programming period P1 regardless
of a resistance of the upper power supply voltage ELVDD
supply line. Accordingly, the data voltage DATA having a
desired level can be charged onto the storage capacitor
Cel.
[0051] Next, when the data voltage programming operation
(scanning operation) is completed, the switching transistor
T61 is turned OFF and thereby the gate node B is in an
electrical floating status.
[0052] Next, in the data voltage emission period P2, the low
power supply voltage Vss of a ‘low’ level (OV) is supplied to
the cathode of the OLED 61. Since the gate terminal of the
driving transistor T62 is being supplied with the data voltage
DATA stored at the storage capacitor C61, the driving tran-
sistor T62 is turned ON so that the upper power supply volt-
age ELVDD is supplied to the OLED 61 and the OLED 61
emits light.
[0053] As all the pixels on the display panel 30 are oper-
ated, a large amount of current flows to upper power supply
voltage supply line. Accordingly, the voltage VDD of the
upper power supply voltage node A is decreased to VDD
according to the Ohm’s law (V=IR). Since the switching
transistor T61 is turned OFF, the gate node B is in an electrical
floating status. Therefore, when the voltage VDD of the upper
power supply voltage node A is lowered to the VDD, the
voltage of the gate node B is also lowered due to coupling
with the storage capacitor C61. The voltage VB of the gate
node B is expressed as the following equation 6.

Vp=Data[N/+VDD'-VDD [Equation 6]

[0054] A current flows from the upper power supply volt-
age node A to the OLED 41 through the driving transistor T62
by the supplied lower power supply voltage Vss in the data
voltage emission period P2, and thus the voltage of the upper
power supply voltage node A changes from the VDD to the
VDD'. However, since the voltage of the gate node B also
changes, a voltage Vgs between the gate and source terminals
of the driving transistor T62 does not change. Accordingly,
the driving current I ,; .., of the OLED 61 is not influenced by
the voltage change of the upper power supply voltage node A
and is only influenced by the data voltage DATA stored in the
storage capacitor C61. The driving current I, ., of the
OLED 61 is expressed as the following equation 7.

1w ) ) [Equation 7]
lorep = T Csine(Vg = VDD' = V) =

1w )
3T Csine “{VparalN] = VDD - Vry}
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[0055] The following table shows each change of the volt-
ages of the nodes A and B and the driving current 5, o, of the
OLED 61 in the data voltage programming period P1 and the
data voltage emission period P2.

Operation Period 1 Period 2
Node ‘A’ VDD VDD’
(potential drop)
Node B’ Data-[N] Data - [N] + VDD' - VDD
| . 0 k- (Data - [N] - VDD - V)2

To prevent a current from flowing to the lower power supply
voltage Vss supply line 32 through the OLED 61 and the
driving transistor T62 in the data voltage programming period
P1 for one frame period supply of the upper power supply
voltage ELVDD may be cut off by various methods.

[0056] FIG. 9 is a view of an additional pixel circuit to
which the pixel driving method according to embodiments of
the invention can be applied. More specifically, FIG. 9 shows
a method for cutting-off supply of the ELVDD by using a
switching transistor. A drain and a source of the switching
transistor T63 are respectively connected between the anode
of the OLED 61 and the drain of the driving transistor T62.
The switching transistor T63 is turned OFF due to a switching
control signal EMS of a ‘high’ level applied to the gate of the
switching transistor T63 by a signal controller (not shown) in
the data voltage programming period P1.

[0057] FIG. 10 is a view of an anode contact type-pixel
circuit according to embodiments of the invention in which
the driving transistor comes in contact with the anode of the
organic light emitting diode. As shown in FIG. 10, the pixel
circuit according to embodiments of the invention includes a
switching transistor T81 driven by a scan signal for transmit-
ting a data voltage DATA supplied from a dataline to a storage
capacitor C81, when an upper power supply voltage ELVDD
is cut off; a storage capacitor C81 connected between a gate
terminal and a source terminal of a driving transistor T82 for
being charged with the data voltage DATA when the upper
power supply voltage ELVDD is cut off, a driving transistor
T82 for supplying a driving current to the OLED 81 when the
upper power supply voltage ELVDD is cut off; and an organic
light emitting diode OLED 81 having an anode connected to
the source terminal of the driving transistor T82 and a cathode
connected to a lower power supply voltage terminal Vss for
emitting light with a brightness corresponding to the driving
current. The driving current corresponds to the data voltage
DATA. Hereinafter, a pixel driving method at the pixel circuit
will be explained in more detail with reference to FIG. 5.
[0058] The ELVDD of a ‘high’ level is not supplied to the
drain of the driving transistor T82 during all of one frame
period. Instead, the ELVDD of a “low’ level is supplied only
during the data voltage programming period P1 of the one
frame period. During the data voltage programming period
P1, positive scan signals Scan|[1]-Scan[N] are sequentially
supplied to the respective horizontal lines, thereby driving the
pixels on the horizontal lines. As a result of the pixels being
driven, the data voltage DATA supplied through the corre-
sponding data line is charged onto the storage capacitor C81
through the switching transistor T81 and is maintained for the
data voltage emission period P2. The data voltage DATA of a
‘high’ level charged to the storage capacitor C81 is also sup-
plied to the gate terminal of the driving transistor T82, thereby
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turning on the driving transistor T82. However, since supply
of the upper power supply voltage ELVDD to the drain of the
driving transistor T82 is cut off, a voltage between the drain
and source terminals Vds becomes ‘OV’. Accordingly, the
current does not flow to the lower power supply voltage Vss
supply line 32 through the OLED 81 and the driving transistor
T82. That is, the driving current I, -, of the OLED 81
becomes ‘0. Since the current does not flow to the lower
power supply voltage supply line 32 through the OLED 81, a
voltage of an anode node A is maintained as the original level
Vss regardless of a resistance of the lower power supply
voltage supply line 32. Accordingly, the data voltage DATA
having a desired level can be charged onto the storage capaci-
tor C81.

[0059] Next, when the data voltage programming operation
(scanning operation) is completed, the switching transistor
T81 is turned OFF and thereby the gate node B is in an
electrical floating status.

[0060] Next, in the data voltage emission period P2, the
ELVDD of a ‘high’ level is supplied to the driving transistor
T82 in the data voltage emission period P2. Since the gate
terminal of the driving transistor T82 is being supplied with
the data voltage DATA stored at the storage capacitor C81 the
driving transistor T82 is turned ON to allow current flow to
the lower power supply voltage supply line 32 through the
OLED 81 and the driving transistor T82 so that the OLED 81
emits light.

[0061] As all the pixels on the display panel 30 are oper-
ated, a large amount of current flows to the lower power
supply voltage supply line 32. Accordingly, the voltage Vss of
the anode node A is increased to V., according to the
Ohm’s law (V=IR). Since the switching transistor T81 is
turned OFF, the gate node B is in an electrical floating status.
Therefore, when the voltage Vss of the anode node A is
increased to V ,; -p, the voltage of the gate node B is also
increased by coupling through the storage capacitor C81. The
voltage VB of the gate node B is expressed as the following
equation 8.

Va=Data[N]+V o zp—Vss

[0062] A current flows to the lower power supply voltage
supply line 32 through the OLED 81 and the driving transistor
T82 by the supplied ELVDD in the data voltage emission
period P2, and thus the voltage of the anode node A changes
from the Vss to V ,; ., However, since the voltage of the gate
node B also changes, a voltage Vgs between the gate and
source terminals of the driving transistor T82 does not
change. Accordingly, the driving current 1,; 5, of the OLED
81 is not influenced by the voltage change of the anode node
A, but is only influenced by the data voltage stored in the
storage capacitor C81. The driving current I, ., of the
OLED 81 is expressed as the following equation 9.

[Equation 8

lorep = [Equation 9]
1w .
T - Csine - {Data[N] + Vorep — Vss — Vorep — Vit~ =
L e IDatalN] = Vs = Vi
3T i+ {Data[N] = Vg = V|
[0063] The following table shows each change of the volt-

ages of the nodes A and B, and the driving current I ,; ., of the
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OLED 81 in the data voltage programming period P1 and the
data voltage emission period P2.

Operation Period 1 Period 2

Node ‘A’ Vss Vorep

Node ‘B’ Data - [N] Data - [N] + Vgrzp - Vss
Loizp 0 k- (Data - [N] - Vss - Vi)

In the same manner as the aforementioned embodiments of
the invention, the data voltage programming period P1 is set
in one frame period, during which the data voltage is charged
to the storage capacitor in a state that supply of the power
supply voltage to the organic light emitting diode OLED is
cut off. Accordingly, a driving voltage of the driving transistor
is prevented from dropping.

[0064] Since time corresponding to the data voltage pro-
gramming period P1 takes time from the data voltage emis-
sion period P2 in one frame period, lighting duration of the
OLED is reduced. When embodiments of the invention are
applied to a small type display panel 30 having relatively a
small number of scan lines, the lighting duration of the
organic light emitting diode can be sufficient without the need
to reduce the data voltage programming period P1. When
embodiments of the invention are implemented in a large
display panel 30 having relatively a large number of scan lines
(i.e., 768 scan lines), the data voltage programming period P1
becomes relatively long. Accordingly, there is a difficulty in
obtaining sufficient lighting duration of the organic light
emitting diode, and thus a brightness flicker phenomenon
occurs. To solve this problem, the data voltage programming
period and the lighting duration of the organic light emitting
diode in additional embodiments of the invention are suffi-
ciently obtained regardless of the size of the display panel.
Hereinafter, the additional embodiments of the invention will
be explained in more detail.

[0065] FIG. 11 is aview of a pixel circuit to which the pixel
driving method according to additional embodiments of the
invention. Referring to FIG. 1, the display panel 30 is defined
as a plurality of display panel regions 30 A-30K in a horizon-
tal direction so that a plurality of adjacent scan lines can be
included. Pixels inside the plurality of display panel regions
30A-30K share one lower power supply voltage among a
plurality of lower power supply voltages Vss[1]-Vss[K] sup-
plied from the lower power supply voltage supply terminals
(Vss_supply) by being diverged. A data voltage programming
period and a data voltage emission period are determined in
one frame period according to each of the display panel
regions 30A-30K.

[0066] AsshowninFIG. 11, scanlines S1-Sn and data lines
D1-Dm are arrayed on the display panel 30 in the same
manner as a general display panel. The display panel 30 is
defined as a plurality of display panel regions 30A-30K in a
horizontal direction so that a plurality of adjacent scan lines
can be included. A plurality of lower power supply voltages
Vss[1]-Vss[K] are supplied to the display panel regions 30A-
30K, respectively. For instance, a large display panel 30 hav-
ing 760 scan lines S1-Sn s defined as 10 display panel regions
30A-30K. Here, each of the ten display panel regions 30A-
30K is implemented to include 76 scan lines {S1-S76,S77-
S152 ... 8685-S760}. For reference, the display panel 30 of
the invention has to be provided with 768 scan lines S1-Sn
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since it is implemented as an XGA-type (1024x768). How-
ever, the display panel 30 is supposed to have 760 scan lines
for convenience.

[0067] The operation of the pixel driving apparatus for an
organic light emitting device according to additional embodi-
ments of the invention will be explained with reference to
FIGS. 12A-12B and 13. FIGS. 12A and 12B are exemplary
views showing each lower power supply voltage. FIG. 13 is
timing diagrams for a display panel driving according to
additional embodiments of the invention.

[0068] The lower power supply voltages Vss[1]-Vss[k] are
respectively supplied to the display panel regions 30A-30K.
FIGS. 12A and 12B show examples for distributing the lower
power supply voltages Vss[1]-Vss[k]. Referring to FIGS.
12A and 12B, the lower power supply voltage Vss supplied
through a main line connected to the lower power supply
voltage supply terminal (Vss_supply) is distributed to 10
sub-lines (k=10). The lower power supply voltages Vss is
supplied to 9 sub-lines among the 10 sub-lines, and a data
voltage emission operation is performed at the other one
sub-line by a switching control signal EMS in a state that
supply of the lower power supply voltage Vss is cut off.
[0069] FIG. 12A is an exemplary view showing a method
for obtaining lower power supply voltages Vss[1]-Vss[k] by
sequentially diverging a power supplied to the lower power
supply voltage supply terminal (Vss_supply) from an exter-
nal power supply unit (not shown), and then for supplying the
obtained lower power supply voltages Vss[1]-Vss[k] to each
of the display panel regions 30A-30K. Here, due to distribu-
tion resistance values, voltages are diverged from distribution
nodes S1-Sk in the order of “Vss[1]>Vss[2]>. . . Vss[k-1]
>Vss[k]|”. Here, the previously diverged voltage is higher
than the next one by a small degree.

[0070] Referring to FIG. 12B, a voltage of a common node
S0 is expressed as a lower power supply voltage rising (Vss
rising) by current applied to the diverged 9 lines. The Vss
rising maintains a nearly constant value even if it varied little
by little by an image change. FIG. 12B is an exemplary view
showing a method for obtaining lower power supply voltages
Vss[1]-Vss[k] by diverging a power supplied to the lower
power supply voltage supply terminal (Vss_supply) from an
external power supply unit (not shown) at the same position,
and then for supplying the obtained lower power supply volt-
ages Vss[1]-Vss[k] to each of the display panel regions 30 A-
30K. Here, since distribution resistance values are equal to
each other, each of the lower power supply voltages Vss[1]-
Vss[k] has the same level as the common node S0.

[0071] In an assumption that a voltage of SO varied at the
gate according to a switching control signal EMS is V,,
current of the rest display panel regions currently undergoing
a light emitting operation can be expressed as the following
equation 10.

[Equation 10]

STl ey

Ipsep = = A(Vpara + AVso) = (Vs + AVgg) - V)P =

B
3 AVpars = Vo — Vp}?

Here, it can be seen that the current on the display panel
regions currently performing a light emitting operation is not
varied. Accordingly, the problem of the Vs rising is solved,
thereby preventing non-uniformity of a brightness according
to different positions on the large display panel 30.
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[0072] The lower power supply voltages Vss[1]-Vss[k] are
respectively supplied to the corresponding lower power sup-
ply voltage supply lines in the display panel regions 30A-30K
by being diverged, as shown in FIG. 12B. For instance, in the
display panel region 30A, the lower power supply voltage
Vssl is diverged into 76 lower power supply voltages in the
same manner, as shown in FIG. 12B, and is supplied to the
corresponding lower power supply voltage supply line.

[0073] FIG. 13 is timing diagrams for a display panel driv-
ing according to additional embodiments of the invention.
FIG. 13 shows a data voltage programming period P1, a data
voltage emission period P2, scan signals, and data voltages on
the display panel regions 30A-30K to which the lower power
supply voltages Vss[1]-Vss[k] are respectively supplied.
More specifically, FIG. 13 shows examples of the data voltage
programming period P1 and the data voltage emission period
P2 with respect to each of the display panel regions 30A-30K.
When the display panel 30 is defined as 10 display panel
regions 30A-30K, o of one frame period is set as the data
voltage programming period P1 with respect to each of the
display panel regions 30A-30K, and the rest %10 of the one
frame period is set as the data voltage emission period P2.
Further, FIG. 13 shows exemplary timing diagrams of scan
signals with respect to each of the display panel regions
30A-30K. Furthermore, FIG. 13 shows a timing diagram for
data voltages supplied through data lines D1-Dn with respect
to each of the display panel regions 30A-30K.

[0074] Based on the pixel circuit shown in FIG. 6, a display
region (30A) among the display panel regions 30A-30K on
the display panel 30 of FIG. 11, data voltage programming
and emission operations will be explained. The data voltage
programming period P1 is set with respect to the first display
panel region 30A including all the pixels PXs connected to
first to 76th scan lines G1-G76. As shown in FI1G. 13, since a
switching control signal EMS[1] of a ‘low’ level is applied to
the gate of the switching transistor T43 inside all the pixels
PXs comnected to the first to 76” scan lines G1-G76, the
switching transistor T43 is turned OFF. Accordingly, the
lower power supply voltage Vss from the lower power supply
voltage supply line is not supplied to the corresponding pixel
PX. The scan signals Scan[1]-Scan[76] are sequentially sup-
plied to the first to 76" scan lines G1-G76 in the data voltage
programming period P1, thereby turning-ON the switching
transistors T41 connected to the scan signals inside all the
pixels PXs. As a result, data voltages DATA are supplied to
the switching transistors T41 through the data lines D1-Dm.
The datavoltage DATA is charged onto each storage capacitor
C41 through the switching transistors T41 inside the respec-
tive pixels PXs, and is maintained for the subsequent data
voltage emission period P2. The data voltage programming
and emission operations for the other display panel regions
30B-30K are subsequently performed in the same manner as
the display panel region 30A. Accordingly, the data voltage
programming period and the lighting duration of the organic
light emitting diode can be sufficiently obtained regardless of
the size of the display panel 30.

[0075] In the pixel driving method and apparatus for an
organic light emitting device according to embodiments of
the invention, in the data voltage programming period, a data
voltage of a desired level can be precisely charged by charg-
ing the data voltage to the storage capacitor when the power
supply voltage supplied to the organic light emitting diode is
cut off. Also, in the data voltage emission period, the power
supply to the OLED is started, thereby preventing a driving
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voltage of the driving transistor from changing. Accordingly,
OLEDs having a non-uniform brightness can be prevented.
[0076] It will be apparent to those skilled in the art that
various modifications and variations can be made in embodi-
ments of the invention without departing from the spirit or
scope of the invention. Thus, it is intended that embodiments
of the invention cover the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A pixel driving method for an organic light emitting
device, comprising:
charging a data voltage supplied through a data line to a
storage capacitor and driving an N-channel switching
transistor while cutting off supply of an upper power
supply voltage to an organic light emitting diode; and

powering the organic light emitting diode emit light by
driving the N-channel driving transistor by the data volt-
age charged onto the storage capacitor while supplying
the upper power supply voltage to the light emitting
diode.
2. The method of claim 1, wherein the N-channel switching
transistor is driven by positive scan signals.
3. The method of claim 1, wherein the storage capacitor is
connected between a gate terminal of the N-channel driving
transistor and a lower power supply voltage terminal.
4. The method of claim 3, wherein the lower power supply
voltage terminal is connected to a lower power supply voltage
supply line having a mesh structure.
5. The method of claim 1, wherein the storage capacitor is
connected between a gate terminal and a source terminal of
the N-channel driving transistor.
6. The method of claim 1, wherein the organic light emit-
ting diode has an anode connected to an upper power supply
voltage terminal, and a cathode connected to a drain of the
N-channel driving transistor.
7. The method of claim 1, wherein the organic light emit-
ting diode has an anode connected to a source terminal of the
N-channel driving transistor, and a cathode connected to a
lower power supply voltage terminal.
8. The method of claim 1, wherein supply or cut off of the
upper power supply voltage to the organic light emitting
diode is controlled by a switching transistor connected
between the organic light emitting diode and the driving
transistor.
9. A pixel driving method for an organic light emitting
device, comprising:
charging a data voltage supplied through a data line to a
storage capacitor and driving a P-channel switching
transistor while cutting off supply of a lower power
supply voltage to an organic light emitting diode; and

powering the organic light emitting diode emit light by
driving the P-channel driving transistor by the data volt-
age charged onto the storage capacitor while supplying
the lower power supply voltage to the organic light emit-
ting diode.

10. The method of claim 9, wherein the P-channel switch-
ing transistor is driven by negative scan signals.

11. The method of claim 9, wherein the storage capacitor is
connected between a gate terminal of the P-channel driving
transistor and an upper power supply voltage terminal.

12. The method of claim 9, wherein the organic light emit-
ting diode has an anode connected to a source terminal of the
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P-channel driving transistor, and a cathode connected to a
lower power supply voltage terminal.

13. The method of claim 9, wherein supply or cut off of the
lower power supply voltage to the organic light emitting
diode is controlled by a switching transistor connected
between the organic light emitting diode and the driving
transistor.

14. A pixel driving method for an organic light emitting
device, comprising:

dividing a display panel of the organic light emitting device

into a number of display panel regions such that a plu-
rality of adjacent scan lines can be included in each
region;

providing pixels inside each of the plurality of display

panel regions to share one lower power supply voltage
among a plurality of lower power supply voltages sup-
plied from a lower power supply voltage supply terminal
by being diverged; and

determining a data voltage programming period and a data

voltage emission period in one frame period according
to an inverse of the number of display panel regions.

15. The method of claim 14, wherein the plurality of lower
power supply voltages is supplied by being diverged from one
common point.

16. The method of claim 14, wherein scan signals are
sequentially supplied to the scan lines in one frame period.

17. The method of claim 14, wherein the data voltage
programming period is determined by dividing the one frame
period by the number of the display panel regions.

18. The method of claim 14, wherein the data voltage
emission period corresponds to a period other than the data
voltage programming period in one frame period.

19. A pixel driving apparatus for an organic light emitting
device, comprising;
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a first switching transistor for transmitting data voltages
supplied through data lines to a storage capacitor by
being driven by scan signals when an upper power sup-
ply voltage is cut off;

a storage capacitor for being charged by the data voltage
when the upper power supply voltage is cut off by being
connected between a gate terminal of a driving transistor
and a lower power supply voltage terminal;

a driving transistor for supplying a driving current to an
organic light emitting diode when the upper power sup-
ply voltage is supplied, the driving current correspond-
ing to the data voltage charged onto the storage capaci-
tor;

a second switching transistor turned OFF when scan sig-
nals are supplied and connected between the cathode of
the organic light emitting diode and the drain of the
driving transistor;

an organic light emitting diode for emitting light with a
brightness corresponding to the driving current by hav-
ing an anode connected to the upper power supply volt-
age and a cathode connected to a drain of the second
switching transistor.

20. A pixel driving apparatus for an organic light emitting

device, comprising:

a display panel having a plurality of display panel regions
such that a plurality of adjacent scan lines can be
included in each region;

a plurality of diverged lower power supply voltages; and

pixels inside each of the plurality of display panel regions
share one lower power supply voltage among the plural-
ity of lower power supply voltages.
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