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(57) ABSTRACT

An organic light emitting display comprises a display panel
having a plurality of pixels, a gate drive circuit that drives
scan lines and emission lines on the display panel, and a data
drive circuit that drives data lines on the display panel. Each
of the pixels is arranged in an nth row. A single frame for the
organic light emitting display comprises an initial period in
which the gate voltage of a driving transistor is initialized,
a sampling period for compensating the threshold voltage of
the driving transistor, and a light emission petiod in which
an organic light emitting diode emits light. A value corre-

(51) Int.CL sponding to an image signal to be displayed by the organic
G09G 3/3233 (2006.01) light emitting diode is applied to a data line during the
G09G 320 (2006.01) sampling period, and an initial voltage is applied to one
G09G 3/3266 (2006.01) electrode of a capacitor during the initial period.
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ORGANIC LIGHT EMITTING DISPLAY AND
CIRCUIT THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2015-0075330 filed on
May 28, 2015, Korean Patent Application No. 10-2015-
0152672 filed on Oct. 30, 2015, and Korean Patent Appli-
cation No. 10-2016-0053638 filed on Apr. 30, 2016, which
are each hereby incorporated by reference in its entirety.

BACKGROUND

[0002] Field

[0003] The present disclosure relates to an active-matrix
organic light emitting display and a circuit thereof.

[0004] Discussion of the Related Art

[0005] An active-matrix organic light emitting display
comprises self-luminous organic light emitting diodes
OLED, and has the advantages of fast response time, high
luminous efficiency, high luminance, and wide viewing
angle. An organic light emitting diode, which is a self-
luminous device, has the structure shown in FIG. 1. The
organic light emitting diode comprises an anode and a
cathode, and organic compound layers formed between the
anode and the cathode. The organic compound layers com-
prise a hole transport layer HTL, an emission layer EML,
and an electron transport layer ETL. When an operating
voltage is applied to the anode and the cathode, a hole
(indicated by “+” in FIG. 1) passing through the hole
transport layer HTL and an electron (indicated by “-” in
FIG. 1) passing through the electron transport layer ETL
move to the emission layer EML, and form an exciton. As
a result, the emission layer EML generates visible light.
[0006] In an organic light emitting display, pixels each
comprising an organic light emitting diode are arranged in a
matrix, and the luminance of the pixels is adjusted based on
the grayscale of video data. Fach individual pixel comprises
a driving transistor that controls the driving current flowing
through the organic light emitting diode based on a gate-
source voltage, a capacitor that keeps the gate-source volt-
age of the driving transistor constant for one frame, and at
least one switching transistor that programs the gate-source
voltage of the driving transistor in response to a gate signal.
A driving current is determined by the driving transistor’s
gate-source voltage corresponding to a data voltage, and the
luminance of the pixel is proportional to the amount of
driving current flowing through the organic light emitting
diode.

[0007] Such an organic light emitting display has varia-
tions in driving current even with the same data voltage
because the threshold voltage of the driving transistor varies
between the pixels due to process deviation, variation of
gate-bias stress with time, etc.

SUMMARY

[0008] In an exemplary embodiment of this disclosure, an
organic light emitting display comprises a display panel
having a plurality of pixels, a gate drive circuit that drives
scan lines and emission lines on the display panel, and a data
drive circuit that drives data lines on the display panel. Each
of the pixels is arranged in an nth row (nis a natural number)
includes a driving transistor having a gate electrode con-
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nected to a node A, a source electrode connected to a node
B, and a drain electrode connected to a node C, and the
driving transistor controlling a driving current applied to an
organic light emitting diode, a first transistor that is con-
nected between the data lines and the node B, a second
transistor that is connected between the node A and a
high-level driving voltage input terminal, a third transistor
that is connected to the node B and the organic light emitting
diode, a fourth transistor that is connected to the node C and
the high-level driving voltage input terminal, a fifth transis-
tor that is connected to the node A and the node C, a sixth
transistor that is connected between a node D and an initial
voltage input terminal, the node D located between the third
transistor and the organic light emitting diode, and a capaci-
tor that is connected to the node A and the node D.

[0009] In another exemplary embodiment of this disclo-
sure, a circuit of an organic light emitting display comprises
a transistor array having at least one transistor, and a
capacitor that is connected between an initial voltage input
terminal and the at least one transistor, the capacitor having
a first electrode and a second electrode. The area of the first
electrode that receives an initial voltage is larger than the
area of the second electrode.

[0010] In another exemplary embodiment of this disclo-
sure, an organic light emitting display comprises a display
panel having a plurality of pixels, each of the pixels includ-
ing a driving transistor, and organic light emitting diode, and
a capacitor electrically connected to each other. A single
frame includes an initial period in which a gate voltage of
the driving transistor is initialized, a sampling period for
compensating a threshold voltage of the driving transistor,
and a light emission period in which the organic light
emitting diode emits light. A value corresponding to an
image signal to be displayed by the organic light emitting
diode is applied to the data line during the sampling period,
and an initial voltage is applied to at least one electrode of
the capacitor during the initial period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0012] FIG. 1is a view showing an organic light emitting
diode and the principle of light emission by the organic light
emitting diode;

[0013] FIG. 2 is a view showing an organic light emitting
display according to an exemplary embodiment of the
present disclosure;

[0014] FIG. 3 is a view showing a pixel structure accord-
ing to a first exemplary embodiment;

[0015] FIG. 4 is a timing diagram showing gate signals
according to the first exemplary embodiment;

[0016] FIG. 5A is an equivalent circuit diagram for
explaining operation of pixels during an initial period
according to the first exemplary embodiment;

[0017] FIG. 5B is an equivalent circuit diagram for
explaining operation of pixels during a sampling period
according to the first exemplary embodiment;

[0018] FIG. 5C is an equivalent circuit diagram for
explaining operation of pixels during a light emission period
according to the first exemplary embodiment;
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[0019] FIG. 6 is a view showing a pixel structure accord-
ing to a second exemplary embodiment;

[0020] FIG. 7A is an equivalent circuit diagram for
explaining operation of pixels during an initial period
according to the second exemplary embodiment;

[0021] FIG. 7B is an equivalent circuit diagram for
explaining operation of pixels during a sampling period
according to the second exemplary embodiment;

[0022] FIG. 7C is an equivalent circuit diagram for
explaining operation of pixels during a light emission period
according to the second exemplary embodiment;

[0023] FIG. 8 is a view showing an organic light emitting
display according to a third exemplary embodiment;
[0024] FIG. 9A is an equivalent circuit diagram for
explaining operation pixels during an initial period accord-
ing to the third exemplary embodiment;

[0025] FIG. 9B is an equivalent circuit diagram for
explaining operation pixels during a sampling period
according to the third exemplary embodiment;

[0026] FIG. 9C is an equivalent circuit diagram for
explaining operation pixels during a light emission period
according to the third exemplary embodiment.

[0027] FIG. 10 is a timing diagram of gate signals accord-
ing to the second exemplary embodiment;

[0028] FIG. 11 is a view showing a modification embodi-
ment of the first exemplary embodiment;

[0029] FIG. 12 is a view showing an array of a region for
forming a capacitor in a pixel according to an exemplary
embodiment of the present disclosure; and

[0030] FIG. 13 is a cross-sectional view taken along line
I-I' of FIG. 12 according to an exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0031] The various aspects and features of the present
disclosure and methods of accomplishing the same may be
understood more readily by reference to the following
detailed descriptions of exemplary embodiments and the
accompanying drawings. The present disclosure may, how-
ever, be embodied in many different forms and should not be
construed as being limited to the exemplary embodiments
set forth herein. Rather, these exemplary embodiments are
provided so that this disclosure will be thorough and com-
plete and will fully convey the concept of the present
disclosure to those skilled in the art, and the present disclo-
sure is defined by the appended claims.

[0032] The shapes, sizes, proportions, angles. numbers,
etc. shown in the figures to describe the exemplary embodi-
ments of the present disclosure are merely examples and not
limited to those shown in the figures. Like reference numer-
als denote like elements throughout the specification. In
describing the present disclosure, detailed descriptions of
related well-known technologies will be omitted to avoid
unnecessary obscuring the present disclosure. When the
terms ‘comprise’, ‘have’, ‘include’ and the like are used,
other parts may be added as long as the term ‘only” is not
used. The singular forms may be interpreted as the plural
forms unless explicitly stated.

[0033] The elements may be interpreted to include an error
margin even if not explicitly stated.

[0034] When the position relation between two parts is
described using the terms ‘on’, ‘over’, ‘under’, ‘next to’ and
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the like, one or more parts may be positioned between the
two parts as long as the term ‘immediately’ or ‘directly’ is
not used.

[0035] When the temporal relationship between two
events is described using the terms ‘after’, ‘following’,
‘next’, ‘before’ and the like, the two events may not occur
in succession as long as the term ‘immediately’ or ‘directly’
is not used.

[0036] It will be understood that, although the terms first,
second, etc., may be used to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another
element. Thus, a first element discussed below could be
termed a second element without departing from the tech-
nical spirit of the present disclosure.

[0037] The features of various exemplary embodiments of
the present disclosure may be combined with one another
either partly or wholly, and may technically interact or work
together in various ways. The exemplary embodiments may
be carried out independently or in combination with one
another.

[0038] An organic light emitting display for threshold
voltage compensation requires a sampling period for sam-
pling the threshold voltage of a driving transistor before
pixels are charged with a data voltage. As display panels
have higher resolution, the length of 1 horizontal period (H)
is shortened and thus the sampling period is also shortened.
The shortened sampling period leads to lower threshold
voltage compensating capability, thus resulting in an adverse
effect on the display quality of the display panels.

[0039] Moreover, if an organic light emitting display uses
a reference voltage to sample the threshold voltage of a
driving transistor, a data driver needs to swing between the
reference voltage and the data voltage. Here, the data
voltage is a data value for an image to be displayed.
Accordingly, the data driver’s output voltage undergoes
many transitions because the data driver outputs the refer-
ence voltage and the data voltage alternately, resulting in
higher power consumption.

[0040] In addition, if a substrate where transistors are
disposed is formed of a polyimide material, mobile charges
can be easily trapped. The trapped mobile charges may affect
a semiconductor layer of the transistors and reduce driving
current, thus deteriorating the performance of the transistors.
[0041] One aspect of this disclosure is to provide an
organic light emitting display that can reduce power con-
sumption by allowing for efficient compensation of the
threshold voltage of a driving transistor.

[0042] Another aspect of this disclosure is to provide a
compensation circuit for minimizing the effect of a mobile
charge trapped in a substrate on a semiconductor layer of
transistor.

[0043] The aspects of the present disclosure are not lim-
ited to the above-mentioned aspects, and other aspects will
be clearly apparent to those skilled in the art from the
following description.

[0044] Hereinafter, exemplary embodiments of'the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0045] FIG. 2 is a view showing an organic light emitting
display according to an exemplary embodiment of the
present disclosure.

[0046] Referring to FIG. 2, an organic light emitting
display according to an exemplary embodiment of the
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present disclosure comprises a display panel 10 with pixels
PXL arranged in a matrix, a data driver 12 for driving data
lines DL, a gate driver 13 for driving scan lines SL. and
emission lines EL, and a timing controller 11 for controlling
the operation timings of the data driver 12 and gate driver
13.

[0047] A plurality of pixels PXL are disposed on the
display panel 10, and the pixels PXL are connected to the
data lines DL, scan lines SL, and emission lines EL. The data
lines DL are arranged in a column direction, and transmit a
data voltage Vdata received from the data driver 12 to the
pixels PXL. The first to nth scan lines SL are arranged in
pixel rows R#1 to R#(n) (n is a natural number) in a row
direction, respectively, and transmit a scan voltage received
from the gate driver 13 to the pixels PXL. The first to nth
emission lines EL are arranged in the pixel rows R#1 to
R#(n) in the row direction, respectively, and transmit an
emission voltage received from the gate driver 13 to the
pixels PXL.

[0048] The pixels PXL, may commonly receive a high-
level driving voltage ELVDD, low-level driving voltage
ELVSS, and an initial voltage Vini from a power generator.
The initial voltage Vini may be chosen from a range of
voltages well lower than the low-level driving voltage
ELVSS to prevent unnecessary light emission by the organic
light emitting diodes OLED.

[0049] The transistors comprising each pixel PXL. may be
implemented as oxide transistors having an oxide semicon-
ductor layer. The oxide transistors are advantageous for the
display panel 10 to have a large area, when electron mobil-
ity, process deviation, etc. are all taken into consideration.
The oxide semiconductor layer may be formed of, but is not
limited to, ITO (indium tin oxide), IZO (indium zinc oxide),
1GZ0 (indium gallium zinc oxide), or ITZO (indium tin zinc
oxide). The present disclosure is not limited to the oxide
transistors, but the semiconductor layer of the transistors
may be formed of amorphous silicon (a-Si), polycrystalline
silicon (poly-Si), organic semiconductor, etc.

[0050] Each individual pixel PXL comprises a plurality of
transistors and capacitors to compensate for changes in the
threshold voltage of the driving transistor. A pixel structure
according to the exemplary embodiment of the present
disclosure will be described later.

[0051] The timing controller 11 re-aligns digital video data
RGB input from an external source to match the resolution
of the display panel 10 and supplies it to the data driver 12.
Also, the timing controller 11 generates a data control signal
DDC for controlling the operation timing of the data driver
12 and a gate control signal GDC for controlling the
operation timing of the gate driver 13, based on timing
signals such as a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsync, a dot clock signal
DCLK, and a data enable signal DE.

[0052] The data driver 12 converts the digital video data
RGB input from the timing controller 11 to an analog data
voltage based on the data control signal DDC. The data
driver 12 supplies the data voltage to the data lines DL. The
data voltage may have a value corresponding to an image
signal to be displayed by an organic light emitting diode
OLED.

[0053] The gate driver 13 generates a scan signal and an
emission signal based on the gate control signal GDC. The
gate driver 13 sequentially provides a scan signal SCAN to
the scan lines SL and sequentially provides an emission
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signal EM(j) to the emission lines EL. That is, the gate driver
13 sequentially provides the scan signal SCAN to the first to
nth scan lines SL and the emission signal EM(j) to the first
to nth emission lines EL. The gate driver 13 may be formed
directly in a non-display area of the display panel 10
according to the GIP (gate-driver-in-panel) technology.
[0054] FIG. 3 is a view showing a pixel structure accord-
ing to a first exemplary embodiment. FIG. 4 is a view
showing gate signals provided to the pixel shown in FIG. 3.
[0055] Referring to FIG. 3, pixels PXL(j) arranged in a jth
row will be described below.

[0056] The pixels PXL(j) arranged in the jth row R#j ( is
a natural number less than n) are connected to a (j—1)th scan
line SL(j-1), a jth scan line SL(j), and a jth emission line
EL(j).

[0057] Each of the pixels PXL(j) comprises an organic
light emitting diode OLED, a driving transistor DT, first
transistor to sixth transistor T1 to T6, and a capacitor Cst.
The exemplary embodiment discloses N-type transistors, the
semiconductor type of the transistors is not limited thereto.
If the first transistor to the sixth transistor T1 to T6 are
implemented as P-type, the gate signals SCAN(j), SCAN
(-1), and EM(j) shown in FIG. 4 should be inverted.
Compared to P-type transistors, N-type transistors allow for
faster current flow, thus offering a higher switching speed.
Also, the first transistor to the sixth transistors T1 to T6 may
be PMOS transistors, CMOS transistors, etc.

[0058] The organic light emitting diode OLED emits light
by a driving current supplied from the driving transistor DT.
The organic light emitting diode OLED comprises multiple
layers of organic layers between an anode and a cathode.
The organic layers may comprise at least one among a hole
transfer layer, an electron transfer layer, and an emission
layer EML. The hole transfer layer includes a layer that
injects or transfers holes into the emission layer, for
example, it may be a hole injection layer HIL, a hole
transport layer HTL, an electron blocking layer EBL, etc.
The electron transfer layer includes a layer that injects or
transfers electrons into the emission layer, for example, it
may be an electron transport layer ETL, an electron injection
layer EIL, a hole blocking layer HBL, etc.

[0059] The anode of the organic light emitting diode
OLED is connected to a node D, and the cathode of the
organic light emitting diode OLED is connected to an input
terminal of the low-level driving voltage ELVSS.

[0060] The driving transistor DT controls the driving
current applied to the organic light emitting diode OLED
based on its gate-source voltage Vgs. A gate electrode of the
driving transistor DT is connected to a node A, its source
electrode is connected to a node B, and its drain electrode is
connected to a node C.

[0061] First and second electrodes of the first transistor T1
are connected to the node B and a data line DL, respectively,
and its gate electrode is connected to the jth scan line SL(j).
That is, the first transistor T1 is switched on in response to
the jth scan signal SCAN(j) and transmits a data voltage
from the data line DL to the node B.

[0062] First and second electrodes of the second transistor
T2 are connected to the node A and an input terminal of the
high-level driving voltage ELVDD, respectively, and its gate
electrode is connected to the (j—1)th scan line SL(j-1). That
is, the second transistor T2 transmits the high-level driving
voltage ELVDD to the node A in response to the (j—1)th scan
signal SCAN(G-1).
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[0063] First and second electrodes of the third transistor
T3 are connected to the node B and the organic light
emitting diode OLED, respectively, and its gate electrode is
connected to the jth emission line EL(j). That is, the third
transistor T3 switches the current path between the driving
transistor DT and the organic light emitting diode OLED, in
response to the jth emission signal EM(j).

[0064] First and second electrodes of the fourth transistor
T4 are connected to the node C and the input terminal of the
high-level driving voltage ELVDD, respectively, and its gate
electrode is connected to the jth emission line EL(j). That is,
the fourth transistor T4 transmits the high-level driving
voltage ELVDD to the node C in response to the jth emission
signal EM()).

[0065] First and second electrodes of the fifth transistor T5
are connected to the node A and the node C, respectively,
and its gate electrode is connected to the jth scan line SL(j).
[0066] First and second electrodes of the sixth transistor
T6 are connected to the node D and the initial voltage Vini,
respectively, and its gate electrode is connected to the jth
scan line SL(j).

[0067] The capacitor Cst is connected between the node A
and the node D. The capacitor Cst may be used to sample the
threshold voltage of the driving transistor according to the
source follower configuration.

[0068] Inthe first exemplary embodiment, the operation of
the pixels arranged in the jth row R#j will be described
below with reference to FIG. 4 and FIGS. 5A through 5C
and [Table 1]. FIGS. 5A to 5C are equivalent circuit dia-
grams for explaining operation of the pixels in response to
driving signals. [Table 1] is a table showing the voltages for
each node corresponding to t operation periods of the pixels.
[0069] The first to sixth transistors T1 to T6 according to
the first exemplary embodiment are implemented as N-type
transistors. Thus, the high-level driving voltage of each
driving signal represents a turn-on voltage for the transis-
tors, and the low-level driving voltage of each driving signal
represents a turn-off voltage for the transistors.

[0070] The operation of each pixel comprises an initial
period Tj, a sampling period Ts, and a light emission period
Te shown in FIG. 4. The initial period Tj, sampling period
Ts, and light emission period Te each process for 1 hori-
zontal period 1H. A jth horizontal period jH may be defined
as a period in which the jth scan signal SCAN() is provided
to the pixel of the jth row R¥#j.

[0071] For each pixel, a single frame may comprise an
initial period Tj in which the gate voltage of the driving
transistor is initialized, a sampling period Ts for compen-
sating the threshold voltage of the driving transistor, and a
light emission period Te in which the organic light emitting
diode OLED emits light. During the sampling period Ts, a
value corresponding to an image signal to be displayed by
the organic light emitting diode OLED may be applied to the
data line DL. Also, an initial voltage may be applied to at
least one electrode of the capacitor during the initial period
Tj. The sampling period Ts may comprise a period in which
the initial period Tj is held.

TABLE 1

Initial period Sampling period  Light emission period

Node A ELVDD Vdara + Vth Vdata + Vth + (Voled - Vini)
Node B Voled Vdata Voled
Node D Voled Vini Voled
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[0072] 1In FIG. 5A, the transistors that operate during the
initial period Tj are indicated by the solid lines, and the
transistors that do not operate during this period are indi-
cated by the dotted lines. Referring to FIGS. 4 and 5A, the
initial period Tj processes for a (j=1)th horizontal period
(j-1)HH allocated to drive a (j-1)th pixel row.

[0073] During the initial period Tj, the (j-1)th scan signal
SCAN(-1) is input at the high-voltage level, and the jth
scan signal SCAN(j) and the emission signal EM(j) are input
at the low-voltage level. The second transistor T2 turns on
in response to the (j—1)th scan signal SCAN(j-1), and
provides the high-level driving voltage ELVDD to the node
A. That is, the node A is reset to the high-level driving
voltage ELVDD during the initial period Tj. The jth emis-
sion signal EM(j) is inverted to a turn-off voltage level, and
the third transistor T3 turns off. As a result, the current path
between the driving transistor DT and the organic light
emitting diode OLED is interrupted during the initial period
Tj. In this case, the node B and the node D may have the
driving voltage Voled of the organic light emitting diode
OLED that was applied to it during the light emission period
of the previous frame, but the organic light emitting diode
OLED does not emit light since the operating voltage Voled
of the organic light emitting diode is not actually held. Thus,
the voltages of the node B and node D will be denoted by
“Voled” in [Table 1], for convenience.

[0074] In FIG. 5B, the transistors that operate during the
sampling period Ts are indicated by the solid lines, and the
transistors that do not operate during this period are indi-
cated by the dotted lines. Referring to FIGS. 4 and 5B, the
sampling period Ts processes for the jth horizontal period jH
in which a data voltage is applied to the pixels arranged in
the jth pixel row.

[0075] During the sampling period Ts, the (j-1)th scan
signal SCAN(j-1) is inverted to the low-voltage level, and
the jth scan signal SCAN()) is inverted to the high-voltage
level. The emission signal EM(j) is held at the low-voltage
level. As the (j=1)th scan signal SCAN(j-1) is inverted to
the low level, the second transistor T2 turns off, and the
current path between the input terminal of the high-level
driving voltage ELVDD and the node A may be blocked.
[0076] During the sampling period Ts, the fifth transistor
T5 turns on in response to the jth scan signal SCAN(), and
the node A and the node C are connected. Accordingly, the
node C has the high-level driving voltage ELVDD, which is
the voltage at the node A, and as the voltage at the node C
rises, the driving transistor DT turns on. With the driving
transistor DT turning on, the voltage at the node B rises by
a drain-source current Ids to a voltage for turning off the
driving transistor DT. At the same time, the first transistor T1
turns on in response to the jth scan signal SCAN(), and
provides a data voltage Vdata to the node B. That is, the
voltage at the node B increases until Vdata is reached. Also,
as the fifth transistor T5 turns on during the sampling period
Ts, the node A and the node C are connected. So, the driving
transistor DT becomes a diode-connected transistor (that is,
the gate electrode and drain electrode of the driving tran-
sistor are shorted so that the driving transistor acts as a
diode). Thus, the node A having the same voltage as the gate
of the driving transistor DT corresponds to a voltage of the
sum of the voltage Vdata at the node B and the threshold
voltage Vth.

[0077] Next, during the sampling period Ts, the sixth
transistor T6 turns on in response to the jth scan signal
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SCAN(j), and provides the initial voltage Vini to the node D.
The initial voltage Vini is set to a voltage at which the
organic light emitting diode OLED does not operate. That is,
a low voltage is applied to the anode of the organic light
emitting diode OLED during the sampling period Ts,
thereby preventing the organic light emitting diode OLED
from emitting light at times other than the light emission
period Te.

[0078] In FIG. 5C, the transistors that operate during the
light emission period Te are indicated by the solid lines, and
the transistors that do not operate during this period are
indicated by the dotted lines. Referring to FIGS. 4 and 5C,
the light emission period Te continues until the start of the
initial period Tj of the next frame following the completion
of the sampling period Ts.

[0079] During the light emission period Te, the (j-1)th
scan signal SCAN(j-1) and jth scan signal SCAN(j) are
input at the low-voltage level (turn-off voltage), and the
emission signal EM(j) is inverted to the high-voltage level
(turn-on voltage). The third transistor T3 turns on in
response to the emission signal EM(j), and therefore, during
the light emission period Te, provides a driving current loled
to the organic light emitting diode OLED in phase with the
data voltage at the node B.

[0080] In the light emission period Te, the node D, which
is initialized to the initial voltage Vini during the sampling
period Ts, is set to the same voltage Voled as the organic
light emitting diode OLED. This creates a voltage difference
of “Voled-Vini” at the node D, and this voltage difference is
also applied to the node A. Accordingly, the node A, which
is held at the voltage of “Vdata+Vth” during the sampling
period Ts, corresponds to a voltage of “Vdata+Vth+(Voled-
Vini)”.

[0081] During the light emission period Te, the node B
also corresponds to the voltage of “Voled”. That is, during
the light emission period Te, the gate voltage of the driving
transistor DT becomes “Vdata+Vth+(Voled-Vini)” and its
source voltage becomes “Voled”. Therefore, “Vgs={Vdata+
Vth+(Voled-Vini)} -Voled=Vdata+Vth-Vini”.

[0082] Accordingly, the relationship for the driving cur-
rent Ioled flowing through the OLED during the light
emission period Te is expressed by the following Equation
1:

Toled=(k/2)(Vgs-Vth)>=(k/2)(Vdata- Vini)?

[0083] wherein k indicates a proportional constant deter-
mined by the electron mobility, parasitic capacitance, and
channel capacity of the driving transistor DT.

[0084] The organic light emitting diode OLED emits light
by this driving current relationship, which enables a desired
grayscale representation. In other words, the relationship for
the driving current Ioled of the organic light emitting diode
OLED is k/2(Vgs-Vth)*, and the Vgs programmed in the
sampling period Ts already includes the Vth component.
Thus, the Vth component is ultimately eliminated from the
relationship for the driving current Ioled. This minimizes the
effect of a change in threshold voltage Vth on the driving
current Joled.

[0085] As can be seen from the value of a voltage that is
input according to the operating sequernce of the pixels, the
organic light emitting display according to the first exem-
plary embodiment does not use a reference voltage during
the sampling period Ts, and this reduces transitions of the

[Equation 1]
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voltage output from the data driver 12. Accordingly, the
power consumption of the data driver 12 may be reduced.
[0086] Moreover, in the organic light emitting display
according to the first exemplary embodiment, the sampling
period (or initial period in the sampling period) for the pixel
of the jth row overlaps the period in which the data voltage
is provided to the pixel of (j—1)th row. Accordingly, the first
exemplary embodiment ensures a sufficient sampling period
for the driving transistor. This allows for efficient compen-
sation of the threshold voltage of the driving transistor DT.
[0087] FIG. 6 is a view showing a pixel structure accord-
ing to a second exemplary embodiment. Driving signals for
the pixel structure according to the second exemplary
embodiment are identical to those for the pixel structure of
FIG. 4 according to the first exemplary embodiment. A
detailed description of the components of the second exem-
plary embodiment substantially identical to those according
to the foregoing exemplary embodiment will be omitted.
[0088] Referring to FIG. 6, the jth pixels PXL(j) arranged
in the jth row will be described below.

[0089] Each of the jth pixels PXL(j) comprises an organic
light emitting diode OLED, a driving transistor DT, first to
sixth transistors T1 to T6, and a capacitor Cst. The exem-
plary embodiment discloses N-type transistors, the semicon-
ductor type of the transistors is not limited thereto.

[0090] The organic light emitting diode OLED emits light
by a current supplied from the driving transistor DT.
[0091] The driving transistor DT controls the driving
current applied to the organic light emitting diode OLED
based on its gate-source voltage Vgs. A gate electrode of the
driving transistor DT is connected to a node A, its source
electrode is connected to a node B, and its drain electrode is
connected to a node C.

[0092] First and second electrodes of the first transistor T1
are connected to the node B and a data line DL, respectively,
and its gate electrode is connected to the jth scan line SL(j).
That is, the first transistor T1 is switched on in response to
the jth scan signal SCAN(j) and transmits a data voltage
from the data line DL to the node B.

[0093] First and second electrodes of the second transistor
T2 are connected to the node A and an input terminal of the
high-level driving voltage ELVDD, respectively, and its gate
electrode is connected to the (j-1)th scan line SL(j-1). That
is, the second transistor T2 transmits the high-level driving
voltage ELVDD to the node A in response to the (j—1)th scan
signal SCAN(-1).

[0094] First and second electrodes of the third transistor
T3 are connected to the node B and the anode of the organic
light emitting diode OLED, respectively, and its gate elec-
trode is connected to the jth emission line EL(j). That is, the
third transistor T3 switches the current path between the
driving transistor DT and the organic light emitting diode
OLED, in response to the jth emission signal EM(j).
[0095] First and second electrodes of the fourth transistor
T4 are connected to the node C and the input terminal of the
high-level driving voltage ELVDD, respectively, and its gate
electrode is connected to the jth emission line EL(j). That is,
the fourth transistor T4 transmits the high-level driving
voltage ELVDD to the node C in response to the jth emission
signal EM()).

[0096] First and second electrodes of the fifth transistor T5
are connected to the node A and the node C, respectively,
and its gate electrode is connected to the jth scan line SL(j).
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[0097] First and second electrodes of the sixth transistor
T6 are connected to the node D and the initial voltage Vini,
respectively, and its gate electrode is connected to the
(j=Dth scan line SL(-1).

[0098] The capacitor Cst is connected between the node A
and the node D. The capacitor Cst is used to sample the
threshold voltage of the driving transistor according to the
source follower configuration.

[0099] In the second exemplary embodiment, the opera-
tion of the pixels arranged in the jth row R#j will be
described below with reference to FIG. 4 and FIGS. 7A
through 7C and [Table 2]. FIGS. 7A to 7C are equivalent
circuit diagrams for explaining operation of the pixels in
response to driving signals. [Table 2] is a table showing the
voltages for each node corresponding to operation periods of
the pixels. Detailed description of redundancies between the
operations of the first and second exemplary embodiments
will be omitted.

TABLE 2

Initial period Sampling period Light emission period

Node A ELVDD Vdata + Vth Vdata + Vth + (Voled - Vini)
Node B Voled Vdata Voled
Node D Vini Vini Voled

[0100] In the second exemplary embodiment, gate signals
for driving the pixels are identical to those of the first
exemplary embodiment. The operation of the pixels accord-
ing to the second exemplary embodiment comprises an
initial period Tj, a sampling period Ts, and a light emission
period Te.

[0101] Referring to FIG. 7A, the transistors that operate
during the initial period Tj are indicated by the solid lines,
and the transistors that do not operate during this period are
indicated by the dotted lines. During the initial period Tj, the
(G=Dth scan signal SCAN(-1) is input at the high-voltage
level, and the jth scan signal SCAN(j) and the emission
signal EM(j) are input at the low-voltage level. The second
transistor T2 turns on in response to the (j—1)th scan signal
SCAN(-1), and provides the high-level driving voltage
ELVDD to the node A. That is, the node A is initialized to
the high-level driving voltage ELVDD during the initial
period Tj.

[0102] The jth emission signal EM(j) is inverted to a
turn-off voltage level, and the third transistor T3 turns off. As
a result, the current path between the driving transistor DT
and the organic light emitting diode OLED is blocked during
the initial period Tj.

[0103] Next, during the initial period Tj, the sixth transis-
tor T6 turns on in response to the (j-1)th scan signal
SCAN(j-1), and provides an initial voltage Vini to the node
D. That is, the initial voltage Vini, which is lower than the
low-level driving voltage ELVSS, is applied, thereby pre-
venting the organic light emitting diode OLED from emit-
ting light at times other than the light emission period Te.
[0104] Referring to FIG. 7B, the transistors that operate
during the sampling period Ts are indicated by the solid
lines, and the transistors that do not operate during this
period are indicated by the dotted lines. The sampling period
Ts processes for the jth horizontal period jH in which a data
voltage is applied to the jth pixels PXL().

[0105] During the sampling period Ts, the (j-1)th scan
signal SCAN(j-1) is inverted to the low-voltage level, and
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the jth scan signal SCAN()) is inverted to the high-voltage
level. The emission signal EM(j) is held at the low-voltage
level. As the (j=1)th scan signal SCAN(j-1) is inverted to
the low-voltage level, the second transistor T2 turns off, and
the current path between the input terminal of the high-level
driving voltage ELVDD and the node A is blocked.

[0106] During the sampling period Ts, the fifth transistor
T5 turns on in response to the jth scan signal SCAN(), and
the node A and the node C are connected. Accordingly, the
node C has the high-level driving voltage ELVDD, which is
the voltage at the node A, and as the voltage at the node C
rises, the driving transistor DT turns on. With the driving
transistor DT turning on, the voltage at the node B rises by
a drain-source current Ids to a voltage for turning off the
driving transistor DT. At the same time, the first transistor T1
turns on in response to the jth scan signal SCAN(), and
provides a data voltage Vdata to the node B. That is, the
voltage at the node B increases until Vdata is reached. Also,
as the driving transistor DT turns on during the sampling
period Ts, the node A and the node C are connected. So, the
fifth transistor T5 becomes a diode-connected transistor (that
is, the gate electrode and drain electrode of the driving
transistor are shorted so that the driving transistor acts as a
diode). Thus, the node A having the same voltage as the gate
of the driving transistor DT is set to a voltage equal to the
sum of the voltage Vdata at the node B and the threshold
voltage Vith.

[0107] Referring to FIG. 7C, the transistors that operate
during the light emission period Te are indicated by the solid
lines, and the transistors that do not operate during this
period are indicated by the dotted lines. The light emission
period Te continues until the start of the initial period Tj of
the next frame following the completion of the sampling
period Ts.

[0108] During the light emission period Te, the (j-1)th
scan signal SCAN(j-1) and jth scan signal SCAN(j) are
input at the low-voltage level (turn-off voltage), and the
emission signal EM(j) is inverted to the high-voltage level
(turn-on voltage). The third transistor T3 turns on in
response to the emission signal EM(j), and therefore, during
the light emission period Te, provides a driving current loled
to the organic light emitting diode OLED in phase with the
data voltage at the node B.

[0109] In the light emission period Te, the node D, which
is initialized to the initial voltage Vini during the initial
period Tj, is set to the same voltage Voled as the organic
light emitting diode OLED. This creates a voltage difference
of “Voled-Vini” across the node D, and this voltage differ-
ence is also applied to the node A. Accordingly, the node A,
which is held at the voltage of “Vdata+Vth” during the
sampling period Ts, corresponds to a voltage of “Vdata+
Vth+(Voled-Vini)”.

[0110] During the light emission period Te, the node B
also corresponds to the voltage of “Voled”. That is, during
the light emission period Te, the gate voltage of the driving
transistor DT becomes “Vdata+Vth+(Voled-Vini)” and its
source voltage becomes “Voled”. Therefore, “Vgs={Vdata+
Vth+(Voled-Vini)} -Voled=Vdata+Vth-Vini”.

[0111] Accordingly, the relationship for the driving current
Ioled flowing through the OLED during the light emission
period Te is expressed by the above Equation 1.

[0112] That is, in the second exemplary embodiment, the
Vth component is ultimately eliminated from the relation-
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ship for the driving current Toled. This minimizes the effect
of a change in threshold voltage Vth on the driving current
Toled.

[0113] FIG. 8 is a view showing an organic light emitting
display according to a third exemplary embodiment. FIG. 8
shows a modification embodiment of the first exemplary
embodiment shown in FIG. 3. In FIG. 8, the same compo-
nents as FIG. 3 are denoted by the same reference numerals,
and a detailed description of them will be omitted. Also, the
gate signals of FIG. 4 according to the first exemplary
embodiment may be used as driving signals for driving the
organic light emitting display according to the third exem-
plary embodiment.

[0114] The organic light emitting display according to the
third exemplary embodiment further comprises a seventh
transistor T7. A first electrode of the seventh transistor T7 is
connected to the node D, its second electrode is connected
to an input terminal of the initial voltage Vini, and its gate
electrode is connected to the (j-1)th scan line SL[j-1] and
receives the (j—1)th scan signal SCAN[j-1].

[0115] In FIG. 9A, the transistors that operate during the
initial period Tj are indicated by the solid lines, and the
transistors that do not operate during this period are indi-
cated by the dotted lines. FIG. 9A is an equivalent circuit
diagram for explaining operation of the pixels during the
initial period Tj according to the third exemplary embodi-
ment. Referring to FIGS. 4, 8, and 9A to 9C, the seventh
transistor T7 according to the third exemplary embodiment
initializes the node D to the initial voltage Vini in response
to the (j-Dth scan signal SCAN(j-1). That is, the initial
voltage Vini, which is lower than the low level driving
voltage ELVSS, is applied, thereby preventing the organic
light emitting diode OLED from emitting light at times other
than the light emission period Te.

[0116] FIGS. 9B and 9C are views showing for explaining
operation of the pixels during the sampling period Ts and the
light emission period Te according to the third exemplary
embodiment. The transistors that operate during the sam-
pling period Ts and the light emission period Te are indicated
by the solid lines, and the transistors that do not operate
during these periods are indicated by the dotted lines. The
transistors of the pixels operate the same as the above-
described first exemplary embodiment during the sampling
period Ts and the light emission period Te, so a detailed
description thereof will be omitted.

[0117] In the organic light emitting display according to
the third exemplary embodiment of the present disclosure,
the node D is initialized during the (j-1)th horizontal period
(j=1)H by using the seventh transistor T7, and the node D is
initialized during the jth horizontal petiod jH by using the
sixth transistor T6.

[0118] In the first exemplary embodiment of the present
disclosure, the node D is initialized only during the jth
horizontal period jH, which is the sampling period for the jth
pixels P(j). In the first exemplary embodiment, the node D
is in an electrically floating state during the (j—1)th horizon-
tal period (j-1)H. Thus, the voltage at the node A rises
instantly due to coupling of the capacitor Cst, in the initial-
izing process of the node A to the high-level driving voltage
ELVDD during the (j-1)th horizontal period (j-1)H. As a
consequence, the organic light emitting diode OLED may
emit light instantly. That is, in the first exemplary embodi-
ment, pixels may emit light at an unwanted time during the
initial period.
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[0119] On the contrary, in the third exemplary embodi-
ment shown in FIG. 8, the node D is initialized to the initial
voltage Vini during the initial period Tj as well by using the
seventh transistor T7. That is, the seventh transistor T7 holds
the node D at the initial voltage Vini at which the organic
light emitting diode OLED does not operate, thereby pre-
venting a rise in the voltage at the node D. As a consequence,
the third exemplary embodiment may prevent the organic
light emitting diode OLED from emitting light at an
unwanted time during the initial period Tj due to the rise in
the voltage at the node D. Also, a low voltage may be applied
to the anode of the organic light emitting diode OLED
during the initial period Tj, thereby preventing the organic
light emitting diode OLED from emitting light at times other
than the light emission period Te due to coupling of the
capacitor in the initializing process of the gate electrode of
the driving transistor to the high-level driving voltage.

[0120] FIG. 10 is a timing diagram of gate signals accord-
ing to the second exemplary embodiment, which is a modi-
fication of FIG. 4. The timing diagram of the gate signals of
FIG. 10 according to the second exemplary embodiment
may apply to the pixels of FIGS. 3 and 8 according to the
first and third exemplary embodiments of the present dis-
closure.

[0121] In the first and third exemplary embodiments, the
sixth transistor T6 initializes the node D to the initial voltage
Vini, in response to a 2jth scan signal SCAN2(}) applied at
a turn-on voltage, during the sampling period Ts. That is, the
voltage at the node D works as the operating voltage Voled
of the organic light emitting diode OLED until the start of
the sampling period Ts, and is initialized to the initial voltage
Vini during the sampling period Ts. Since the initial voltage
Vini is set to a voltage lower than the operating voltage
Voled of the organic light emitting diode OLED, the voltage
at the node D decreases during the initial period Tj. The
operation of the pixels during the sampling period Ts accord-
ing to the first exemplary embodiment is as shown in FIG.
5B, and the operation of the pixels during the sampling
period Ts according to the third exemplary embodiment is as
shown in FIG. 9B. As shown in FIGS. 5B and 9B, in the first
and third exemplary embodiments, the node A floats during
the sampling period Ts. When the voltage at the node A is
initialized to the initial voltage Vini while the node A is
floating state, the voltage at the node A decreases due to
coupling of the capacitor Cst. As a consequence, the voltage
at the node A, which normally has to be sampled as a voltage
value of “Vdata+Vth”, decreases, thus leading to the prob-
lem of not sensing the threshold voltage Vith.

[0122] In comparison, according to the timing diagram of
the gate signals of FIG. 10 according to the second exem-
plary embodiment of the present disclosure, the operation of
the pixels comprises a high-voltage holding period Th at the
initial stage of the sampling period Ts. During the high-
voltage holding period Th, the second transistor T2 supplies
the high-level driving voltage ELVDD to the node A in
response to the 1(j)th scan signal SCANI1(j). Accordingly,
the organic light emitting display according to the first and
third exemplary embodiments may prevent a voltage drop at
the node A due to coupling effect of the capacitor Cst since
the node D is initialized. Also, by supplying the high-level
driving voltage to the gate electrode of the driving transistor
at the initial stage of the sampling period, the present
disclosure prevents a voltage drop at the gate electrode of the
driving transistor due to coupling of the capacitor Cst in the
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initializing process of the organic light emitting diode.
Moreover, the high-level driving voltage may be applied to
other electrodes of the capacitor in response to the gate
voltage of the driving transistor during the high-voltage
holding period, thereby preventing a voltage drop at the gate
electrode of the driving transistor.

[0123] As for the gate signals according to the second
exemplary embodiment, a first scan signal SCAN1(}) and
second scan signal SCAN2(j) provided in the pixel of jth
row R#j have different pulses widths, as shown in FIG. 10.
Accordingly, the gate signals of FIG. 10 according to the
second exemplary embodiment may be individually output
by using individual shift registers. In order to use the gate
signals according to the second exemplary embodiment, a
first scan line to which the first scan signal SCANI(j) is
applied and a second scan line to which the second scan
signal SCAN2(j) is applied may be arranged in each pixel of
R#1 to R#(n) row.

[0124] FIG. 11 is a view showing a modification embodi-
ment of the first exemplary embodiment shown in FIG. 3. In
FIG. 11, the same components as the first exemplary
embodiment are denoted by the same reference numerals,
and a detailed description of them will be omitted.

[0125] The first and second electrodes of the fifth transis-
tor T5 are connected to the node A and node C, respectively,
and its gate electrode is connected to the jth scan line SL(j).
The fifth transistor T5 has a double-gate structure, which can
reduce leakage current. If a leakage current occurs while the
fifth transistor T5 is in the off state, the voltage across the
capacitor Cst is lowered. Once the voltage across the capaci-
tor Cst is lowered, the gate-source voltage of the driving
transistor DT changes. The gate-source voltage of the driv-
ing transistor DT determines the luminance of the organic
light emitting diode OLED, and as a result, the leakage
current of the fifth transistor T5 causes a change in lumi-
nescence intensity. Accordingly, the double-gate structure of
the fifth transistor T5 connected to the capacitor Cst may
reduce the leakage current of the fifth transistor T5 and
prevent an unwanted change in luminescence intensity.

[0126] That is, if a leakage current occurs to a transistor
connected to the capacitor Cst, this may cause distortion in
luminescence intensity. This can be solved by applying a
double-gate structure to the transistor connected to the
capacitor Cst.

[0127] For instance, the second transistor T2 also may
have a double-gate structure. Alternatively, at least one of
the second and fifth transistors T2 and T5 may have a
double-gate structure.

[0128] Accordingly, the gate structure of the second and

fifth transistors T2 and T5 may be any one selected from
among those illustrated in the following [Table 3].

TABLE 3
Second transistor Fifth transistor
Single gate Single gate
Single gate Double gate
Double gare Single gate
Double gare Double gate

[0129] Also, the second and fifth transistors T2 and T5
with the double-gate structure may be equally used in the
pixel structure of FIG. 6 according to the second exemplary
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embodiment and the pixel structure of FIG. 8 according to
the third exemplary embodiment.

[0130] The pixel structures of FIGS. 3, 6, and 8§ according
to the above-described exemplary embodiments comprise
transistors and a capacitor which have their distinctive
technical characteristics. These pixel structures may be seen
in a pixel array for a display panel.

[0131] FIG. 12 is a view showing a planar array in a
capacitor forming region in FIGS. 3, 6, and 8. In the
description of FIG. 8, the seventh transistor T7 may be
substituted for the sixth transistor T6.

[0132] Referring to FIG. 12 and FIG. 13, a cross-sectional
view of the sixth transistor T6 and capacitor Cst of FIG. 12
taken along line I-I', the sixth transistor T6 comprises a
semiconductor layer 210, a drain electrode connected to the
semiconductor layer 210 through a contact hole 242, and a
source electrode 231 connected to the semiconductor layer
210 through a contact hole 232, and the capacitor Cst
comprises a first electrode 241 and a second electrode. The
first electrode 241 of the capacitor Cst is connected to the
drain electrode of the sixth transistor T6, and the second
electrode is a gate electrode 250 of the driving transistor DT.
The source electrode 231 of the sixth transistor T6 may be
connected to an initial voltage input terminal. Also, a
semiconductor layer 260 of the driving transistor DT is
formed below the gate electrode 250, and a source contact
hole 271 and a drain contact hole 273 may be connected to
a source electrode and a drain electrode, each of a respective
transistor.

[0133] The first electrode 241 of the capacitor Cst is not
connected to a high-level driving voltage input terminal, but
is connected to the initial voltage input terminal. Thus, the
first electrode 241 of the capacitor can be designed with ease
to share a single contact hole. For example, the first elec-
trode of the capacitor of FIG. 8 shares a single contact hole
with the sixth and seventh transistors, resulting in a reduc-
tion in the number of contact holes and ensuring sufficient
design margin.

[0134] The transistors may be formed on a substrate 110,
and the substrate 110 may be made of a polyimide insulating
layer. In this case, a mobile charge is generated in the
polyimide insulating layer. This may affect the semiconduc-
tor layers of the transistors and reduce the driving current.
The transistors discussed herein may be a transistor array
comprising at least one transistor. Accordingly, the first
electrode 241 may be larger than the gate electrode 250 of
the driving transistor DT. In this way, the initial voltage Vini
is applied to the first electrode 241, thus suppressing the
effect of a mobile charge in the substrate 110. This can
improve the reduction in the driving current of the driving
transistor DT caused by the mobile charge. The initial
voltage Vini may be a negative voltage.

[0135] Alternatively, a metal layer 114 may be positioned
under the semiconductor layer 260 of the driving transistor
DT to decrease the effect of the mobile charge on the
semiconductor layer 260 of the driving transistor DT. The
metal layer 114 may be the same size as or larger than the
semiconductor layer 260 of the driving transistor DT.
[0136] The first electrode 241 of the capacitor Cst may be
extended to become a transistor that samples the threshold
voltage of the driving transistor DT or a transistor that
operates during the sampling period. Also, the first electrode
241 of the capacitor Cst may be disposed in an area
corresponding to a semiconductor layer of the fifth transistor
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to decrease the effect of the mobile charge on the semicon-
ductor layer of the fifth transistor. Referring to FIG. 13, a
first buffer layer 120 is positioned on the substrate 110. The
first buffer layer 120 may be formed of any one among
silicon oxide (SiOx), silicon nitride (SiNx), and a multi-
layer thereof.

[0137] The metal layer 114 is positioned on the first buffer
layer 120, and the metal layer 114 may be made of a
semiconductor, such as silicon (Si), or a conductive metal;
for example, any one among molybdenum (Mo), aluminum
(Al), chrome (Cr), gold (Au), titanium (Ti), nickel (Ni),
neodymium (Nd), copper (Cu), and an alloy of two or more
thereof.

[0138] The substrate 110 may be a glass, plastic, or
polyimide insulating layer, and may be composed of two or
more layers. The substrate 110 may be a substrate with
flexibility. Accordingly, a flexible organic light emitting
display may be formed of a flexible material such as plastic.
Also, when organic light emitting diodes that allow for easy
fabrication of flexible displays are used in vehicle lighting or
vehicle displays, the vehicle lighting or vehicle displays may
have various designs and offer design freedom depending on
their structure or appearance.

[0139] A second buffer layer 130 is positioned on the
metal layer 114. The second buffer layer 130 may be formed
of any one among silicon oxide (SiOx), silicon nitride
(SiNx), and a multi-layer thereof.

[0140] The semiconductor layer 210 is positioned on the
second buffer layer 130. The semiconductor layer 210 may
comprise silicon semiconductor or oxide semiconductor.
The semiconductor layer 210 of the sixth transistor T6
comprises a drain region 214, a source region 215, lightly-
doped regions 212 and 213, and a channel region 211
positioned between the lightly-doped regions 212 and 213.
The semiconductor layer 210 may be doped with an n-type
impurity such as phosphorous (P), arsenic (As), or antimony
(Sb). The semiconductor layer 260 of the driving transistor
DT may be formed by the same process as the semiconduc-
tor layer 210 of the sixth transistor T6.

[0141] A first insulating layer 140 is positioned on the
semiconductor layer 210. The first insulating layer 140 may
be formed of any one among silicon oxide (SiOx), silicon
nitride (SiNx), and a multi-layer thereof.

[0142] A gate electrode 220 of the sixth transistor T6 is
positioned above the channel region 211 of the semiconduc-
tor layer 210. The gate electrode 220 may be formed of any
one among molybdenum (Mo), aluminum (Al), chrome
(Cr), gold (Au), titanium (T1), nickel (Ni), neodymium (Nd),
copper (Cu), and an alloy of two or more thereof. The gate
electrode 250 of the driving transistor DT may be formed by
the same process as the gate electrode 220 of the sixth
transistor T6.

[0143] A second insulating layer 150 is positioned on the
gate electrodes 220 and 250. The second insulating layer 150
may be formed of any one among silicon oxide (SiOx),
silicon nitride (SiNx), and a multi-layer thereof.

[0144] The first electrode 241 of the capacitor Cst and the
drain electrode and source electrode of the sixth transistor
T6, all of which are electrically connected to an initial
voltage (Vini) supply line, are positioned on the second
insulating layer 150. Although FIGS. 12 and 13 illustrate
that part of the first electrode 241 of the capacitor Cst
corresponds to the drain electrode of the sixth transistor T6,
the first electrode 241 of the capacitor Cst may be used as a
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second gate electrode, as well as a drain electrode or a gate
electrode. Like the gate electrode 220, the second gate
electrode may be formed of any one among molybdenum
(Mo), aluminum (Al), chrome (Cr), gold (Au), titanium (Ti),
nickel (Ni), neodymium (Nd), copper (Cu), and an alloy of
two or more thereof. The area of the first electrode 241 that
receives the initial voltage may be larger than the area of the
second electrode of the capacitor Cst.

[0145] A third insulating layer 160 is positioned on the
first electrode 241 of the capacitor Cst and the drain elec-
trode of the sixth transistor T6. The third insulating layer 160
may be formed of any one among silicon oxide (SiOx),
silicon nitride (SiNx), and a multi-layer thereof.

[0146] An organic light emitting diode comprises an
anode connected to the first electrode 241 of the capacitor
Cst and a cathode opposite to the anode. An organic light
emitting display of this specification may be used in appli-
cations such as TV, mobile, tablet PCs, monitors, smart-
watches, laptop computers, vehicle displays, etc. An organic
light emitting display of this specification also may be used
in displays of various shapes such as flat displays, bendable
displays, foldable displays, and rollable displays.

[0147] The exemplary embodiments of this disclosure
ensure a sufficiently long threshold voltage sampling period
because the gate electrode of the driving transistor is ini-
tialized during the previous horizontal period. Accordingly,
the threshold voltage of the driving transistor can be effi-
ciently compensated.

[0148] Moreover, the exemplary embodiments of this dis-
closure can reduce transitions of the data voltage output
from the data driver since they does not use a reference
voltage. Accordingly, the power consumption of the data
driver can be reduced.

[0149] In addition, by applying a low voltage to the anode
of an organic light emitting diode connected to one electrode
of the capacitor, the exemplary embodiments of this disclo-
sure can prevent the organic light emitting diode from
emitting light at other times than the light emission period
due to coupling of the capacitor in the initializing process of
the gate electrode of the driving transistor, connected to
another electrode of the capacitor, to the high-level driving
voltage.

[0150] Furthermore, the exemplary embodiments of this
disclosure can prevent a voltage drop at the gate electrode of
the driving transistor due to coupling of the storage capacitor
in the initializing process of the organic light emitting diode,
by initializing the organic light emitting diode during the
sampling period and, if one electrode of the capacitor is
connected to the anode of the organic light emitting diode
and another electrode of the capacitor is connected to the
gate electrode of the driving transistor, supplying the high-
level driving voltage to the gate electrode of the driving
transistor at the initial stage of the sampling period.
[0151] Furthermore, the exemplary embodiments of this
disclosure can prevent distortion in luminescence caused by
leakage current by having double-gate transistors connected
to the capacitor.

[0152] Furthermore, the exemplary embodiments of this
disclosure can reduce the effect of a mobile charge on the
semiconductor layer of the driving transistor by placing a
metal layer under the semiconductor layer of the driving
transistor.

[0153] Furthermore, the exemplary embodiments of this
disclosure can reduce the effect of a mobile charge on the
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semiconductor layer of the driving transistor because one
electrode of the capacitor has a larger area than the gate
electrode of the driving transistor.

[0154] Furthermore, the exemplary embodiments of this
disclosure can reduce the effect of a mobile charge on the
semiconductor layer of transistors by placing one electrode
of the capacitor in an area corresponding to the semicon-
ductor layer of the transistors that operate during the sam-
pling period.

[0155] Furthermore, the exemplary embodiments of this
disclosure can ensure design margin by reducing the number
of contact holes within a pixel because one electrode of the
capacitor is connected to the initial voltage input terminal,
rather than the high-level driving voltage input terminal,
thus allowing the one electrode of the capacitor to be
connected to the initial voltage input terminal and the
transistors via a single contact hole.

[0156] Exemplary embodiments of this disclosure may be
explained as follows.

[0157] In an exemplary embodiment of this disclosure, an
organic light emitting display comprises a display panel
having a plurality of pixels, a gate drive circuit that drives
scan lines and emission lines on the display panel, and a data
drive circuit that drives data lines on the display panel. Each
of the pixels is arranged in an nth row (nis a natural number)
comprising a driving transistor that comprises a gate elec-
trode connected to a node A, a source electrode connected to
a node B, and a drain electrode connected to a node C, and
the driving transistor controlling a driving current applied to
an organic light emitting diode, a first transistor that is
connected between the data lines and the node B, a second
transistor that is connected between the node A and a
high-level driving voltage input terminal, a third transistor
that is connected to the node B and the organic light emitting
diode, a fourth transistor that is connected to the node C and
the high-level driving voltage input terminal, a fifth transis-
tor that is connected to the node A and the node C; a sixth
transistor that is connected between a node D and an initial
voltage input terminal, the node D located between the third
transistor and the organic light emitting diode, and a capaci-
tor that is connected to the node A and the node D. This
ensures a sufficient sampling period for the driving transistor
and allows for efficient compensation of the threshold volt-
age of the driving transistor.

[0158] A (j-1)th scan signal in which a data voltage is
provided to the pixels arranged in a (j-1)th row has a turn-on
voltage during a (j—1)th horizontal period, a jth scan signal
has the turn-on voltage in which the data voltage is provided
to the pixels arranged in a jth row during a jth horizontal
period, and an emission signal provided to the jth row has
the turn-on voltage after the jth scan signal is inverted to a
turn-off voltage.

[0159] During the (j-1)th horizontal period, the second
transistor applies the high-level driving voltage received
from the high-level driving voltage input terminal to the
node A, in response to the (j-1)th scan signal.

[0160] During the jth horizontal period, the first transistor
applies the data voltage received from the data line to the
node B, in response to the jth scan signal, and the fifth
transistor connects the node A and the node C to operate the
driving transistor, in response to the jth scan signal.

[0161] During a (j+1)th horizontal period, the fourth tran-
sistor connects the high-level driving voltage input terminal
and the node C, in response to the emission signal, and the
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third transistor connects the node B and the node D, in
response to the emission signal, and the node D corresponds
to an operating voltage of the organic light emitting diode
from the initial voltage level by the driving current, and a
difference between the initial voltage level and the operating
voltage of the organic light emitting diode is applied to the
node A so as to emit light of the organic light emitting diode
while compensating the threshold voltage of the driving
transistor.

[0162] A gate electrode of the sixth transistor is connected
to a (j-1)th scan line, and during a (j-1)th horizontal period,
the sixth transistor applies the initial voltage received from
the initial voltage input terminal to the node D, in response
to a (j=1)th scan signal.

[0163] A gate electrode of the sixth transistor is connected
to ajth scan line, and during a jth horizontal period, the sixth
transistor applies the initial voltage received from the initial
voltage input terminal to the node D, in response to a jth scan
signal.

[0164] Each of the pixels arranged in the jth row further
comprises a seventh transistor that is connected between the
node D and the initial voltage input terminal and that is
switched on in response to a (j=1)th scan signal.

[0165] During a (j-1)th horizontal period, the seventh
transistor provides the initial voltage to the node D, in
response to the (j-1)th scan signal.

[0166] The initial voltage is lower than the driving voltage
of the organic light emitting diode.

[0167] The jth horizontal period further includes a high-
voltage holding period, and a high-level driving voltage is
applied to the node A in response to the (j—1)th scan signal
during the high-voltage holding period.

[0168] At least one among the second transistor and the
fifth transistor has a double-gate structure.

[0169] The organic light emitting display further com-
prises a metal layer under a semiconductor layer of the
driving transistor.

[0170] A first electrode of the capacitor that receives an
initial voltage from the initial voltage input terminal corre-
sponds to the gate electrode of the driving transistor.
[0171] A first electrode of the capacitor that receives an
initial voltage from the initial voltage input terminal is
disposed in an area corresponding to a semiconductor layer
of the fifth transistor that operates during a sampling period.
[0172] Another exemplary embodiment of this specifica-
tion provides a circuit of an organic light emitting display,
the circuit comprising a transistor array having at least one
transistor, and a capacitor that is connected between an
initial voltage input terminal and the at least one transistor,
the capacitor having a first electrode and a second electrode.
The area of the first electrode that receives an initial voltage
is larger than the area of the second electrode. This can
decrease the effect of a mobile charge on the semiconductor
layer of the driving transistor.

[0173] The first electrode is disposed in an area corre-
sponding to a semiconductor layer of a transistor that
operates during a sampling period.

[0174] The transistor array is on a flexible substrate, and
comprising a driving transistor, and a metal layer under a
semiconductor layer of the driving transistor.

[0175] The first electrode of the capacitor is not connected
to a high-level driving voltage input terminal, and is con-
nected to the initial voltage input terminal, thereby reducing
the number of contact holes.
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[0176] The circuit further comprises an organic light emit-
ting diode having an anode connected to the first electrode
of the capacitor and a cathode opposite to the anode. A
driving transistor in the transistor array is compensated by
the capacitor that receives the initial voltage.
[0177] At least one of the transistors connected to the
capacitor has a double-gate structure.
[0178] In an another exemplary embodiment of this dis-
closure, an organic light emitting display comprises a dis-
play panel having a plurality of pixels, each of the pixels
including a driving transistor, an organic light emitting
diode, and a capacitor electrically connected to each other.
A single frame includes an initial period in which a gate
voltage of the driving transistor is initialized, a sampling
period for compensating a threshold voltage of the driving
transistor, and a light emission period in which the organic
light emitting diode emits light. A value corresponding to an
image signal to be displayed by the organic light emitting
diode is applied to the data line during the sampling period,
and an initial voltage is applied to at least one electrode of
the capacitor during the initial period. This can prevent a
voltage drop at the gate electrode of the driving transistor
due to coupling of the capacitor in the initializing process of
the organic light emitting diode.
[0179] The sampling period comprises a period in which
the initial period is held.
[0180] A high-voltage holding period exists at an initial
stage of the sampling period, and a high-level driving
voltage is applied to other electrode of the capacitor in
response to a gate voltage during the high-voltage holding
period.
[0181] The initial period for a pixel of jth row overlaps the
period in which a data voltage is provided to a pixel o (j=1)th
row.
[0182] Throughout the description, it should be under-
stood by those skilled in the art that various changes and
modifications are possible without departing from the tech-
nical principles of the present disclosure. Therefore, the
technical scope of the present disclosure is not limited to the
detailed descriptions in this specification but should be
defined by the scope of the appended claims.
[0183] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and
modifications are possible in the component parts and/or
arrangements of the subject combination arrangement
within the scope of the disclosure, the drawings and the
appended claims. In addition to variations and modifications
in the component parts and/or arrangements, alternative uses
will also be apparent to those skilled in the art.
What is claimed is:
1. An organic light emitting display comprising:
a display panel having a plurality of pixels;
a gate drive circuit that drives scan lines and emission
lines on the display panel; and
a data drive circuit that drives data lines on the display
panel,
each of the pixels arranged in an nth row (n is a natural
number) comprising:
a driving transistor having a gate electrode connected to
anode A, a source electrode connected to a node B, and
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a drain electrode connected to a node C, and the driving
transistor controlling a driving current applied to an
organic light emitting diode;

a first transistor that is connected between the data lines
and the node B;

a second transistor that is connected between the node A
and a high-level driving voltage input terminal;

a third transistor that is connected to the node B and the
organic light emitting diode;

a fourth transistor that is connected to the node C and the
high-level driving voltage input terminal;

a fifth transistor that is connected to the node A and the
node C;

a sixth transistor that is connected between a node D and
an initial voltage input terminal, the node D located
between the third transistor and the organic light emit-
ting diode; and

a capacitor that is connected to the node A and the node
D.

2. The organic light emitting display of claim 1, wherein

a (j=Dith scan signal in which a data voltage is provided to
the pixels arranged in a (j-1)th row has a turn-on voltage
during a (j-1)th horizontal period, a jth scan signal has the
turn-on voltage in which the data voltage is provided to the
pixels arranged in a jth row during a jth horizontal period,
and an emission signal provided to the jth row has the
turn-on voltage after the jth scan signal is inverted to a
turn-off voltage.

3. The organic light emitting display of claim 2, wherein,
during the (j-1)th horizontal period, the second transistor
applies the high-level driving voltage received from the
high-level driving voltage input terminal to the node A, in
response to the (j-1)th scan signal.

4. The organic light emitting display of claim 3, wherein,
during the jth horizontal period, the first transistor applies
the data voltage received from the data line to the node B,
in response to the jth scan signal, and the fifth transistor
connects the node A and the node C to operate the driving
transistor, in response to the jth scan signal.

5. The organic light emitting display of claim 4, wherein,
during a (j+1)th horizontal period, the fourth transistor
connects the high-level driving voltage input terminal and
the node C, in response to the emission signal, and the third
transistor connects the node B and the node D, in response
to the emission signal, and the node D corresponds to an
operating voltage of the organic light emitting diode from
the initial voltage level by the driving current, and a differ-
ence between the initial voltage level and the operating
voltage of the organic light emitting diode is applied to the
node A so as to emit light of the organic light emitting diode
while compensating the threshold voltage of the driving
transistor.

6. The organic light emitting display of claim 1, wherein
a gate electrode of the sixth transistor is connected to a
(j-Dth scan line, and during a (j-1)th horizontal period, the
sixth transistor applies the initial voltage received from the
initial voltage input terminal to the node D, in response to a
(G-Dth scan signal.

7. The organic light emitting display of claim 1, wherein
a gate electrode of the sixth transistor is connected to a jth
scan line, and during a jth horizontal period, the sixth
transistor applies the initial voltage received from the initial
voltage input terminal to the node D, in response to a jth scan
signal.
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8. The organic light emitting display of claim 7, wherein
each of the pixels arranged in the jth row further comprises
a seventh transistor that is connected between the node D
and the initial voltage input terminal and that is switched on
in response to a (j=1)th scan signal.

9. The organic light emitting display of claim 8, wherein,
during a (j=1)th horizontal period, the seventh transistor
provides the initial voltage to the node D, in response to the
(G=Dth scan signal.

10. The organic light emitting display of claim 9, wherein
the initial voltage is lower than the driving voltage of the
organic light emitting diode.

11. The organic light emitting display of claim 2, wherein
the jth horizontal period further includes a high-voltage
holding period, and a high-level driving voltage is applied to
the node A in response to the (j-1)th scan signal during the
high-voltage holding period.

12. The organic light emitting display of claim 6, wherein
the jth horizontal period further includes a high-voltage
holding period, and a high-level driving voltage is applied to
the node A in response to the (j-1)th scan signal during the
high-voltage holding period.

13. The organic light emitting display of claim 7, wherein
the jth horizontal period further includes a high-voltage
holding period, and a high-level driving voltage is applied to
the node A in response to the (j-1)th scan signal during the
high-voltage holding period.

14. The organic light emitting display of claim 1, wherein
at least one among the second transistor and the fifth
transistor has a double-gate structure.

15. The organic light emitting display of claim 1, further
comprising a metal layer under a semiconductor layer of the
driving transistor.

16. The organic light emitting display of claim 1, wherein
a first electrode of the capacitor that receives an initial
voltage from the initial voltage input terminal corresponds to
the gate electrode of the driving transistor.

17. The organic light emitting display of claim 1, wherein
a first electrode of the capacitor that receives an initial
voltage from the initial voltage input terminal is disposed in
an area corresponding to a semiconductor layer of the fifth
transistor that operates during a sampling period.

18. A circuit of an organic light emitting display, the
circuit comptrising:

a transistor array having at least one transistor; and

a capacitor that is connected between an initial voltage

input terminal and the at least one transistor, the capaci-
tor having a first electrode and a second electrode,
wherein the area of the first electrode that receives an
initial voltage is larger than the area of the second
electrode.
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19. The circuit of claim 18, wherein the first electrode is
disposed in an area corresponding to a semiconductor layer
of a transistor that operates during a sampling period.

20. The circuit of claim 18, wherein the transistor array is
on a flexible substrate, and comprising a driving transistor,
and a metal layer under a semiconductor layer of the driving
transistor.

21. The circuit of claim 18, wherein the first electrode of
the capacitor is not connected to a high-level driving voltage
input terminal, and is connected to the initial voltage input
terminal, thereby reducing the number of contact holes.

22. The circuit of claim 18, further comprising;

an organic light emitting diode having an anode con-

nected to the first electrode of the capacitor and a
cathode opposite to the anode,

wherein a driving transistor in the transistor array is

compensated by the capacitor that receives the initial
voltage.

23. The circuit of claim 18, wherein at least one of the
transistors connected to the capacitor has a double-gate
structure.

24. An organic light emitting display, comprising a dis-
play panel having a plurality of pixels, each of the pixels
including a driving transistor, an organic light emitting diode
and a capacitor electrically connected to each other,
wherein:

a single frame includes:

an initial period in which a gate voltage of the driving
transistor is initialized;

a sampling period for compensating a threshold voltage
of the driving transistor; and

a light emission period in which the organic light
emitting diode emits light,

wherein a value corresponding to an image signal to be

displayed by the organic light emitting diode is applied

to the data line during the sampling period, and
wherein an initial voltage is applied to at least one

electrode of the capacitor during the initial period.

25. The organic light emitting display of claim 24,
wherein the sampling period comprises a period in which the
initial period is held.

26. The organic light emitting display of claim 24,
wherein a high-voltage holding period at an initial stage of
the sampling period, and a high-level driving voltage is
applied to other electrode of the capacitor in response to a
gate voltage during the high-voltage holding period.

27. The organic light emitting display of claim 24,
wherein the initial period for a pixel of a jth row overlaps a
period in which a data voltage is provided to a pixel of
(G-1Dth row.
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