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7) ABSTRACT

In pixels included in a display panel of an light emitting
diode display, each pixel on an nth pixel row, where n is a
natural number, includes a light emitting diode including an
anode electrode connected to a node C and a cathode
electrode connected to an input terminal of a low potential
driving voltage, a driving TFT including a gate electrode
connected to a node A, a drain electrode connected to a node
B, and a source electrode connected to a node D, a first TFT
connected between the node A and the node B, a second TFT
connected to the node C, a third TFT connected between a
data line and the node D, a fourth TFT connected between
an input terminal of a high potential driving voltage and the
node B, and a fifth TFT connected between the node D and
the node C.
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FIG. 5A
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FIG. 5B
Ps ELVDD
Vdata (n)
EMT (n) T4
SCANT (n)
1
SCAN2 (n) —ITiL—48
I
A ¢—[ DT | vth
— ——Cst
.,_IMI —)
1o o
EN2 (n) [ 75
1 ¢
=[]
N/ OLED
Vinit ELVSS




Patent Application Publication Dec. 20,2018 Sheet 7 of 32 US 2018/0366062 A1

FIG. 5C
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 15/162,516 filed on May 23,
2016, which claims the benefit of Korean Patent Application
No. 10-2015-0075335 filed on May 28, 2015, which is
incorporated herein by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure relates to an organic light
emitting diode (OLED) display.

Discussion of the Related Art

[0003] An active matrix organic light emitting diode
(OLED) display includes organic light emitting diodes
(OLEDs) capable of emitting light by itself and has advan-
tages of a fast response time, a high emission efficiency, a
high luminance, a wide viewing angle, and the like.

[0004] An OLED serving as a self-emitting element has a
structure shown in FIG. 1. The OLED includes an anode
electrode, a cathode electrode, and an organic compound
layer between the anode electrode and the cathode electrode.
The organic compound layer includes a hole injection layer
HIL, a hole transport layer HTL, an emission layer EML, an
electron transport layer ETL, and an electron injection layer
EIL. When a driving voltage is applied to the anode elec-
trode and the cathode electrode, holes passing through the
hole transport layer HTL and electrons passing through the
electron transport layer ETL move to the emission layer
EML and form excitons. As a result, the emission layer EML
generates visible light.

[0005] The OLED display arranges pixels each including
an OLED in a matrix form and adjusts a luminance of the
pixels based on a gray scale of video data. Each pixel
includes a driving thin film transistor (TFT) controlling a
driving current flowing in the OLED based on a gate-to-
source voltage of the driving TFT, a capacitor for uniformly
holding the gate-to-source voltage of the driving TFT during
one frame, and at least one switching TFT programming the
gate-to-source voltage of the driving TFT in response to a
gate signal. The driving current flowing in the OLED is
determined by a threshold voltage of the driving TFT and the
gate-to-source voltage of the driving TFT controlled based
on a data voltage. The luminance of the pixel is proportional
to a magnitude of the driving current.

[0006] Inthe OLED display, the driving TFTs of the pixels
may have different threshold voltages by reason of a process
variation, a gate-bias stress resulting from the elapse of
driving time, etc. Because the luminance of the pixel is
proportional to the magnitude of the driving current as
mentioned above, a variation in the threshold voltage of the
driving TFTs of the pixels leads to a luminance variation of
the pixels.
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SUMMARY OF THE INVENTION

[0007] The present disclosure provides an organic light
emitting diode (OLED) display capable of improving dis-
play quality by compensating for a variation in a threshold
voltage of pixels.

[0008] In one aspect, there is provided an organic light
emitting diode display comprising a display panel including
a plurality of pixels, wherein each pixel includes an organic
light emitting diode (OLED) including an anode electrode
connected to a node C and a cathode electrode connected to
an input terminal of a low potential driving voltage, a
driving thin film transistor (TFT) including a gate electrode
connected to a node A, a drain electrode connected to a node
B, and a source electrode connected to a node D, the driving
TFT being configured to control a driving current applied to
the OLED, a first TFT connected between the node A and the
node B, a second TFT connected to the node C, a third TFT
connected between the data line and the node D, a fourth
TFT connected between an input terminal of a high potential
driving voltage and the node B, a fifth TFT connected
between the node D and the node C, and a storage capacitor
connected between the node A and the node C.

[0009] In another aspect, there is provided an organic light
emitting diode display comprising a display panel including
a plurality of pixels wherein each pixel includes an organic
light emitting diode (OLED) including an anode electrode
connected to a node C and a cathode electrode connected to
an input terminal of a low potential driving voltage, a
driving thin film transistor (TFT) including a gate electrode
connected to a node A, a drain electrode connected to a node
B, and a source electrode connected to a node D, the driving
TFT being configured to control a driving current applied to
the OLED, a first TFT connected between the node A and the
node B, a second TFT connected to the node C, a third TFT
connected between the data line and the node D, a fourth
TFT connected between an input terminal of a high potential
driving voltage and the node B, a fifth TFT connected
between the node D and the node C, and a storage capacitor
connected between the node A and an input terminal of an
initialization voltage.

[0010] In yet another aspect, there is provided an organic
light emitting diode display comprising a display panel
including a plurality of pixels wherein each pixel includes an
organic light emitting diode (OLED) including an anode
electrode connected to a node C and a cathode electrode
connected to an input terminal of a low potential driving
voltage, a driving thin film transistor (TFT) including a gate
electrode connected to a node A, a drain electrode connected
to a node B, and a source electrode connected to a node D,
the driving TFT being configured to control a driving current
applied to the OLED, a first TFT connected between the
node A and the node B, a third TFT connected between the
data line and the node D, a fourth TFT connected between
an input terminal of a high potential driving voltage and the
node B, a fifth TFT connected between the node D and the
node C, and a storage capacitor connected to the node A.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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,
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illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0012] FIG. 1 illustrates an organic light emitting diode
(OLED) and an emission principle of the OLED;

[0013] FIG. 2 shows an organic light emitting diode
(OLED) display according to an embodiment;

[0014] FIG. 3 is an equivalent circuit diagram showing a
structure of a pixel according to an embodiment;

[0015] FIG. 4 is a waveform diagram showing a data
signal and a gate signal applied to a pixel shown in FIG. 3;
[0016] FIGS. 5A, 5B, and 5C respectively show equiva-
lent circuit diagrams of a pixel corresponding to an initial
period, a sampling period, and an emission period of FIG. 4;
[0017] FIG. 6 shows voltage values of a pixel at nodes A,
D, and C in an initial period, a sampling period, and an
emission period;

[0018] FIGS. 7 and 8 are equivalent circuit diagrams
showing modified examples of a pixel structure shown in
FIG. 3;

[0019] FIG. 9 is a waveform diagram showing a data
signal and a gate signal applied to a pixel shown in FIGS. 7
and 8;

[0020] FIG. 10 is an equivalent circuit diagram showing a
structure of a pixel according to an embodiment;

[0021] FIG. 11 is a waveform diagram showing a data
signal and a gate signal applied to a pixel shown in FIG. 10;
[0022] FIGS. 12A, 12B, and 12C respectively show
equivalent circuit diagrams of a pixel corresponding to an
initial period, a sampling period, and an emission period of
FIG. 11,

[0023] FIGS. 13 and 14 are equivalent circuit diagrams
showing modified examples of a pixel structure shown in
FIG. 10;

[0024] FIG. 15 is an equivalent circuit diagram showing
another modified example of a pixel structure shown in FIG.
10;

[0025] FIG. 16 is a waveform diagram showing a data
signal and a gate signal applied to a pixel shown in FIG. 15;
[0026] FIGS. 17 and 18 are equivalent circuit diagrams
showing other modified examples of a pixel structure shown
in FIG. 15;

[0027] FIGS. 19 and 20 are equivalent circuit diagrams
showing a structure of a pixel according to an embodiment;
[0028] FIG. 21 is a waveform diagram showing a data
signal and a gate signal applied to a pixel shown in FIGS. 19
and 20;

[0029] FIGS. 22 to 24 are equivalent circuit diagrams
showing modified examples of a pixel structure shown in
FIGS. 19 and 20;

[0030] FIG. 25 is a waveform diagram showing a data
signal and a gate signal applied to a pixel shown in FIGS. 22
to 24; and

[0031] FIGS. 26 to 28 are equivalent circuit diagrams
showing an example where horizontally adjacent pixels
share a predetermined thin film transistor with each other.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0032] Reference will now be made in detail to various
embodiments, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts. Detailed description of known
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arts will be omitted if it is determined that the arts can
obscure the description of the various embodiments. In on
Embodiment, all of thin film transistors (TFTs) constituting
a pixel are implemented as n-type TFTs. In other embodi-
ments, other configurations may be used. For example, TFTs
constituting a pixel may be implemented as p-type TFTs.
[0033] FIG. 2 shows an organic light emitting diode
(OLED) display according to an embodiment.

[0034] Referring to FIG. 2, an OLED display according to
an embodiment includes a display panel 10 on which pixels
PXL are formed, a data driving circuit 12 for driving data
lines 14 of the display panel 10, a gate driving circuit 13 for
driving gate lines 15 of the display panel 10, and a timing
controller 11 for controlling driving timing of the data
driving circuit 12 and the gate driving circuit 13.

[0035] On the display panel 10, the plurality of data lines
14 and the plurality of gate lines 15 cross each other, and the
pixels PXL are respectively disposed at crossings of the data
lines 14 and the gate lines 15 in a matrix form. The pixels
PXL on the same horizontal line form one pixel row. The
pixels PXL on one pixel row are connected to one gate line
15. One gate line 15 may include at least one scan line and
at least one emission line. Each pixel PXL may be connected
to one data line 14, at least one scan line, and at least one
emission line. The pixels PXL. may commonly receive a high
potential driving voltage ELVDD, a low potential driving
voltage ELVSS, and an initialization voltage Vinit from a
power generator (not shown). In one embodiment, the
initialization voltage Vinit is selected within a range suffi-
ciently less than an operating voltage of an organic light
emitting diode (OLED) so that an OLED of each pixel PXL
is prevented from emitting light during an initial period and
a sampling period. Further, the initialization voltage Vimt
may be set to be equal to or less than the low potential
driving voltage ELVSS.

[0036] Thin film transistors (TFTs) constituting the pixel
PXL may be implemented as an oxide TFT including an
oxide semiconductor layer. The oxide TFT is advantageous
for the large area of the display panel 10 considering all of
an electron mobility, a process variation, etc. The embodi-
ments are not limited thereto. For example, the semicon-
ductor layer of the TFT may be formed of amorphous silicon
or polycrystalline silicon.

[0037] Each pixel PXL includes a plurality of TFTs for
compensating for changes in a threshold voltage of a driving
TFT and a storage capacitor. The embodiments propose a
pixel structure capable of increasing integration of the pixels
and easily compensating for an IR drop of the high potential
driving voltage. The pixel structure is described in detail
later with reference to FIGS. 3 to 28.

[0038] Each pixel PXL may be configured such that a TFT,
of which a source electrode or a drain electrode is connected
to an electrode on one side of the storage capacitor, includes
at least two TFTs, which are connected in series to each
other, so as to reduce or prevent an influence of a leakage
current. In this instance, at least two TFTs are turned on or
off in response to the same control signal. For example, as
shown in FIG. 3, a TFT T1 may be designed as a double gate
TFT including TFTs T1A and T1B which are turned on or off
in response to the same control signal and are connected in
series to each other, and a TFT T2 may be designed as a
double gate TFT including TFTs T2A and T2B which are
turned on or off in response to the same control signal and
are connected in series to each other. Further, as shown in
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FIG. 24, in addition to the TFTs T1 and T2, a TFT T6 may
be designed as a double gate TFT including TFTs T6A and
T6B.

[0039] The timing controller 11 rearranges digital video
data RGB received from the outside in conformity with a
resolution of the display panel 10 and supplies the rear-
ranged digital video data RGB to the data driving circuit 12.
The timing controller 11 generates a data control signal
DDC for controlling operation timing of the data driving
circuit 12 and a gate control signal GDC for controlling
operation timing of the gate driving circuit 13 based on
timing signals, such as a vertical sync signal Vsync, a
horizontal sync signal Hsync, a dot clock DCLK, and a data
enable signal DE.

[0040] The data driving circuit 12 converts the digital
video data RGB received from the timing controller 11 into
an analog data voltage based on the data control signal DDC.
[0041] The gate driving circuit 13 may generate a scan
signal and an emission signal based on the gate control
signal GDC. The gate driving circuit 13 may include a scan
driver and an emission driver. The scan driver may generate
a scan signal in a sequential line manner so as to drive at
least one scan line connected to each pixel row and may
supply the scan signal to the scan lines. The emission driver
may generate an emission signal in the sequential line
manner so as to drive at least one emission line connected to
each pixel row and may supply the emission signal to the
emission lines.

[0042] The gate driving circuit 13 may be directly formed
on a non-display area of the display panel 10 through a gate
driver-in panel (GIP) process.

[0043] FIG. 3 is an equivalent circuit diagram showing a
structure of a pixel according to an embodiment.

[0044] Referring to FIG. 3, each pixel PXL on an nth pixel
row, where n is a natural number, includes an OLED, a
driving TFT DT, a first TFT T1, a second TFT T2, a third
TFT T3, a fourth TFT T4, a fifth TFT T5, and a storage
capacitor Cst. Each pixel PXL on the nth pixel row operates
in response to an nth gate signal. The nth gate signal includes
an nth first scan signal SCAN1(#), an nth second scan signal
SCAN2(n), an nth first emission signal EM1(#), and an nth
second emission signal EM2(x).

[0045] The OLED emits light using a driving current Ioled
supplied from the driving TFT DT. As shown in FIG. 1, the
OLED includes an anode electrode, a cathode electrode, and
a multi-layered organic compound layer between the anode
electrode and the cathode electrode. The multi-layered
organic compound layer includes a hole injection layer HIL,
a hole transport layer HTL, an emission layer EML, an
electron transport layer ETL, and an electron injection layer
EIL. The anode electrode of the OLED is connected to a
node C, and the cathode electrode of the OLED is connected
to an input terminal of the low potential driving voltage
ELVSS.

[0046] The driving TFT DT controls the driving current
Toled applied to the OLED depending on a gate-to-source
voltage Vgs of the driving TFT DT. A gate electrode of the
driving TFT DT is connected to a node A, and a drain
electrode of the driving TFT DT is connected to a node B.
A source electrode of the driving TFT DT is connected to the
node C.

[0047] The first TFT T1 is connected between the node A
and the node B and is turned on or off in response to the nth
first scan signal SCAN1(»). A gate electrode of the first TFT
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T1 is connected to a first scan line (hereinafter, referred to
as “nth first scan line”) of the nth pixel row, to which the nth
first scan signal SCAN1(r) is applied. A drain electrode of
the first TFT T1 is connected to the node B, and a source
electrode of the first TFT T1 is connected to the node A.

[0048] The second TFT T2 is connected between the node
C and an input terminal of the initialization voltage Vinit and
is turned on or off in response to the nth first scan signal
SCAN1(n). A gate electrode of the second TFT T2 is
connected to the nth first scan line, to which the nth first scan
signal SCAN1(x) is applied. A drain electrode of the second
TFT T2 is connected to the node C, and a source electrode
of the second TFT T2 is connected to the input terminal of
the initialization voltage Vinit.

[0049] The third TFT T3 is connected between the data
line 14 and a node D and is turned on or off in response to
the nth second scan signal SCAN2(r). A gate electrode of
the third TFT T3 is connected to a second scan line (here-
inafter, referred to as “nth second scan line”) of the nth pixel
row, to which the nth second scan signal SCAN2(n) is
applied. A drain electrode of the third TFT T3 is connected
to the data line 14, and a source electrode of the third TFT
T3 is connected to the node D.

[0050] The fourth TFT T4 is connected between an input
terminal of the high potential driving voltage ELVDD and
the node B and is turned on or off in response to the nth first
emission signal EM1(»). A gate electrode of the fourth TFT
T4 is connected to a first emission line (hereinafter, referred
to as “nth first emission line”) of the nth pixel row, to which
the nth first emission signal EM1(r) is applied. A drain
electrode of the fourth TFT T4 is connected to the input
terminal of the high potential driving voltage ELVDD, and
a source electrode of the fourth TFT T4 is connected to the
node B.

[0051] The fifth TFT T5 is connected between the node D
and the node C and is turned on or off in response to the nth
second emission signal EM2(»). A gate electrode of the fifth
TFT T5 is connected to a second emission line (hereinafter,
referred to as “nth second emission line”) of the nth pixel
row, to which the nth second emission signal EM2(%) is
applied. A drain electrode of the fifth TFT T5 is connected
to the node D, and a source electrode of the fifth TFT T5 is
connected to the node C.

[0052] The storage capacitor Cst is connected between the
node A and the node C.

[0053] An operation of the pixel PXL shown in FIG. 3 is
described below with reference to FIGS. 4, 5A to 5C, and 6.

[0054] FIG. 4 is a waveform diagram showing a data
signal and a gate signal applied to a pixel shown in FIG. 3.
As shown in FIG. 4, one frame period may be divided into
an initial period Pi in which the node A and the node C are
initialized, a sampling period Ps in which a threshold voltage
Vth of the driving TFT DT is samipled and is stored in the
node A, and an emission period Pe in which the gate-to-
source voltage Vgs of the driving TFT DT is programmed to
include the sampled threshold voltage Vth, and the OLED
emits light using the driving current loled of the OLED
controlled based on the programmed gate-to-source voltage
Vgs. As shown in FIG. 4, because an initialization operation
is performed during a (n-1)th horizontal period (Hn-1), an
entire duration of an nth horizontal period Hn can be allotted
to a sampling operation. When the sampling period Ps is
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sufficiently secured as described above, the threshold volt-
age Vth of the driving TFT DT can be sampled more
accurately.

[0055] More specifically, referring to FIG. 5A, the initial
period Pi is included in the (n-1)th horizontal period (Hn-1)
allotted in writing data on a (n-1)th pixel row. In the initial
period Pi, the nth first scan signal SCAN1(») and the nth first
emission signal EM1(z) are applied at an on-level, and the
nth second scan signal SCAN2(r) and the nth second
emission signal EM2(z) are applied at an off-level. In the
initial period Pi, the first and second TFTs T1 and T2 are
turned on in response to the nth first scan signal SCAN1(x),
and the fourth TFT T4 is turned on in response to the nth first
emission signal EM1(»). Hence, the node A is initialized to
the high potential driving voltage ELVDD, and the node C
is initialized to the initialization voltage Vinit. A reason to
initialize the nodes A and C before the sampling operation is
to increase reliability of the sampling operation and prevent
the OLED from emitting light. For this, in one embodiment,
the initialization voltage Vinit is selected within a range
sufficiently less than an operating voltage of the OLED.
Further, the initialization voltage Vinit may be set to be
equal to or less than the low potential driving voltage
ELVSS. In the initial period Pi, the node D is held at a data
voltage Vdata(n) of a previous frame.

[0056] Referring to FIG. 5B, the sampling period Ps is
included in the nth horizontal period Hn allotted in writing
data on the nth pixel row. In the sampling period Ps, the nth
first scan signal SCAN1() and the nth second scan signal
SCAN2(n) are applied at an on-level, and the nth first
emission signal EM1(x) and the nth second emission signal
EM2(n) are applied at an off-level. In the sampling period
Ps, the first and second TFTs T1 and T2 are turned on in
response to the nth first scan signal SCAN1(#), and the third
TFT T3 is turned on in response to the nth second scan signal
SCAN2(n). Hence, the driving TFT DT is diode-connected.
Namely, the gate electrode and the drain electrode of the
driving TFT DT are short-circuited, and thus the driving
TFT DT operates like a diode. Further, the data voltage
Vdata(n) is applied to the node D. In the embodiment
disclosed herein, the data voltage Vdata(n) is applied at a
sufficiently low voltage (for example, Vdata(n)<ELVDD-
Vth), so that the driving TFT DT can be turned on during the
sampling period Ps. In the sampling period Ps, a current Ids
flows between the drain electrode and the source electrode
of the driving TFT DT, and a voltage of the node A is
reduced from the high potential driving voltage ELVDD of
an initial state to a sum (Vdata(n)+Vth) of the data voltage
Vdata(n) and the threshold voltage Vth of the driving TFT
DT due to the current Ids. In the sampling period Ps, a
voltage of the node C is held at the initialization voltage
Vinit and provides a path of the current Ids.

[0057] Referring to FIG. 5C, the emission period Pe
corresponds to a remaining period excluding the initial
period Pi and the sampling period Ps from one frame period.
In the emission period Pe, the nth first emission signal
EMI1(r) and the nth second emission signal EM2(») are
applied at an on-level, and the nth first scan signal SCAN1
(r) and the nth second scan signal SCAN2(r) are applied at
an off-level. In the emission period Pe, the fourth TFT T4 is
turned on in response to the nth first emission signal EM1
(n), and thus the drain electrode of the driving TFT DT is
connected to the input terminal of the high potential driving
voltage ELVDD. Further, the fifth TFT T5 is turned on in
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response to the nth second emission signal EM2(x), and thus
the nodes C and D have the same voltage as an operating
voltage Voled of the OLED. In the emission period Pe, the
voltage of the node C is changed from the initialization
voltage Vinit of an initial state to the operating voltage Voled
of the OLED. In the emission period Pe, because the node
A is floated and is coupled with the node C through the
storage capacitor Cst, the voltage of the node A is changed
from the voltage (Vdata(n)+Vth) of the node A, which is set
during the sampling period Ps, by a voltage variance
(Voled-Vinit) of the node C. Namely, in the emission period
Pe, the voltage of the node A is set to “Vdata(n)+Vth+
Voled-Vinit”, and the voltage of the node C is set to the
operating voltage Voled of the OLED. Hence, the gate-to-
source voltage Vgs subtracting a source voltage Vs from a
gate voltage Vg of the driving TFT DT is programmed to
“Vdata(n)+Vth-Vinit”.

[0058] A relationship equation with respect to the driving
current Ioled flowing in the OLED in the emission period Pe
is represented by the following Equation 1. The OLED emits
light using the driving current Ioled and implements a
desired gray level.

L 2

Equation 1
[(Ves — Vih] [Equation 1]

Ioled =

2
[Vdata(n) — Vinit]

L2 = 2| e

[0059] In the above Equation 1, “k™ is a proportional
constant determined by an electron mobility, a parasitic
capacitance, and a channel capacity, etc. of the driving TFT
DT.

[0060] According to the above Equation 1, the driving
current Ioled is represented by k/2(Vgs-Vth)>. However,
because the threshold voltage Vth of the driving TFT DT is
included in the gate-to-source voltage Vgs programmed in
the emission period Pe, the threshold voltage Vth of the
driving TFT DT is cancelled from the relationship equation
of the driving current Ioled as indicated by the above
Equation 1. Namely, an influence of changes in the threshold
voltage Vth on the driving current Ioled is removed.
[0061] There is an IR drop variation as another cause
hindering the luminance uniformity of the OLED display.
The IR drop variation generates a variation in the high
potential driving voltage ELVDD applied to each pixel.
However, because the component of the high potential
driving voltage ELVDD is not included in the driving
current Joled represented by the above Equation 1 through
the distinguishing configuration shown in FIGS. 3 to 6, the
embodiment can reduce an influence of the IR drop variation
on the driving current Ioled.

[0062] FIGS. 7 and 8 are equivalent circuit diagrams
showing modified examples of a pixel structure shown in
FIG. 3. FIG. 9 is a waveform diagram showing a data signal
and a gate signal applied to a pixel shown in FIGS. 7 and 8.
[0063] Simplifying a pixel array of the display panel 10
simplifies the manufacturing process of the display panel 10,
and/or increases the yield of the manufacturing of the
display panel 10.

[0064] As shown in FIG. 7, a pixel PXL on an nth pixel
row may be configured such that fourth and fifth TFTs T4
and T5 are turned on or off in response to the same emission
signal EM(n), so as to simplify the pixel array. For this, a
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gate electrode of the fourth TFT T4 and a gate electrode of
the fifth TFT T5 may be connected to an nth emission line,
to which the nth emission signal EM(n) is applied. When the
number of signal lines for supplying the gate signals
decreases by removing some gate signals, an aperture ratio
of the pixel can increase by a reduction in the number of
signal lines. Further, the size of the gate driving circuit
generating the gate signals may decrease by a reduction in
the number of gate signals. This aids in the implementation
of a narrow bezel.

[0065] As shown in FIG. 8, each pixel PXL of the display
panel 10 may be configured such that a drain electrode of a
second TFT T2 is connected to the input terminal of the low
potential driving voltage ELVSS, so as to further simplify
the pixel array. Because the initialization voltage Vinit is
unnecessary in the pixel array including the pixels PXL
shown in FIG. 8, signal lines for supplying the initialization
voltage Vinit may be removed.

[0066] Since other components in the pixel PXL shown in
FIGS. 7 and 8 are substantially the same as the pixel PXL
shown in FIG. 3, a further description may be briefly made
or may be entirely omitted.

[0067] Referring to FIG. 9, one frame period may be
divided into an initial period Pi in which a node A and a node
C are initialized, a sampling period Ps in which a threshold
voltage Vth of a driving TFT DT is sampled and is stored in
the node A, and an emission period Pe in which a gate-to-
source voltage Vgs of the driving TFT DT is programmed to
include the sampled threshold voltage Vth, and an OLED
emits light using a driving current loled of the OLED
controlled based on the programmed gate-to-source voltage
Vags.

[0068] In the initial period Pi, an nth first scan signal
SCAN1(#) and an nth emission signal EM(n) are applied at
an on-level, and an nth second scan signal SCAN2(n) is
applied at an off-level. Since an operational effect obtained
in the initial period Pi of FIG. 9 is substantially the same as
the initial period Pi of FIG. 5A, a further description may be
briefly made or may be entirely omitted.

[0069] In the sampling period Ps, the nth first scan signal
SCAN1(z) and an nth second scan signal SCAN2(n) are
applied at an on-level, and the nth emission signal EM(n) is
applied at an off-level. Since an operational effect obtained
in the sampling period Ps of FIG. 9 is substantially the same
as the sampling period Ps of FIG. 5B, a further description
may be briefly made or may be entirely omitted.

[0070] In the emission period Pe, the nth emission signal
EM(n) is applied at an on-level, and the nth first scan signal
SCAN1(») and the nth second scan signal SCAN2(») are
applied at an off-level. Since an operational effect obtained
in the emission period Pe of FIG. 9 is substantially the same
as the emission period Pe of FIG. 5C, a further description
may be briefly made or may be entirely omitted.

[0071] FIG. 10 is an equivalent circuit diagram showing a
structure of a pixel according to an embodiment. FIG. 11 is
a waveform diagram showing a data signal and a gate signal
applied to a pixel shown in FIG. 10. FIGS. 12A, 12B, and
12C respectively show equivalent circuit diagrams of a pixel
corresponding to an initial period, a sampling period, and an
emission period of FIG. 11.

[0072] Referring to FIG. 10, each pixel PXL on an nth
pixel row, where n is a natural number, includes an OLED,
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a driving TFT DT, a first TFT T1, a second TFT T2, a third
TFT T3, a fourth TFT T4, a fifth TFT T5, and a storage
capacitor Cst.

[0073] Configuration of the pixel PXL shown in FIG. 10
is substantially the same as configuration of the pixel PXL
shown in FIG. 3, except a connection configuration of the
storage capacitor Cst. In the pixel PXL shown in FIG. 10, the
storage capacitor Cst is connected between a node A and the
input terminal of the initialization voltage Vinit.

[0074] Referring to FIG. 11, one frame period may be
divided into an initial period Pi in which a node A and a node
C are initialized, a sampling period Ps in which a threshold
voltage Vth of the driving TFT DT is sampled and is stored
in the node A, and an emission period Pe in which a
gate-to-source voltage Vgs of the driving TFT DT is pro-
grammed to include the sampled threshold voltage Vth, and
an OLED emits light using a driving current Ioled of the
OLED controlled based on the programmed gate-to-source
voltage Vgs. As shown in FIG. 11, both an initialization
operation and a sampling operation are performed during an
nth horizontal period Hn. Namely, the initial period Pi and
the sampling period Ps are included in the nth horizontal
period Hn.

[0075] Referring to FIG. 124, in the initial period Pi, an
nth first scan signal SCAN1(») and an nth first emission
signal EM1(#) are applied at an on-level, and an nth second
scan signal SCAN2(») and an nth second emission signal
EM2(n) are applied at an off-level. Since an operational
effect obtained in the initial period Pi of FIG. 12A is
substantially the same as the initial period Pi of FIG. 5A, a
further description may be briefly made or may be entirely
omitted.

[0076] Referring to FIG. 12B, in the sampling period Ps,
the nth first scan signal SCAN1(») and the nth second scan
signal SCAN2(r) are applied at an on-level, and the nth first
emission signal EM1(») and the nth second emission signal
EM2(n) are applied at an off-level. Since an operational
effect obtained in the sampling period Ps of FIG. 12B is
substantially the same as the sampling period Ps of FIG. 5B,
a further description may be briefly made or may be entirely
omitted.

[0077] The emission period Pe corresponds to a remaining
period excluding the initial period Pi and the sampling
period Ps from one frame period. Referring to FIG. 12C, in
the emission period Pe, the nth first emission signal EM1(r)
and the nth second emission signal EM2(n) are applied at an
on-level, and the nth first scan signal SCAN1(#) and the nth
second scan signal SCAN2(») are applied at an off-level.
Since an operational effect obtained in the emission period
Pe of FIG. 12C is substantially the same as the emission
period Pe of FIG. 5C, a further description may be briefly
made or may be entirely omitted.

[0078] FIGS. 13 and 14 are equivalent circuit diagrams
showing modified examples of a pixel structure shown in
FIG. 10.

[0079] The pixel PXL of FIG. 13 is different from the pixel
PXL of FIG. 10 in that the pixel PXL of FIG. 13 further
includes a sixth TFT T6. In the pixel PXL of FIG. 13, a
second TFT T2 is connected between a node E connected to
a storage capacitor Cst and a node C, and the sixth TFT T6
is connected between the node E and the input terminal of
the initialization voltage Vinit. A gate electrode of each of
the second and sixth TFTs T2 and T6 is connected to an nth
first scan line, to which the nth first scan signal SCAN1(x)
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is applied. The pixel PXL of FIG. 13 further includes the
sixth TFT T6 and thus increases operational stability of a
circuit. Since other components of the pixel PXL of FIG. 13
is substantially the same as the pixel PXL of FIG. 10, a
further description may be briefly made or may be entirely
omitted.

[0080] The pixel PXL of FIG. 14 is different from the pixel
PXL of FIG. 10 in that the pixel PXL of FIG. 14 further
includes a seventh TFT T7. In the pixel PXL of FIG. 14, the
seventh TFT T7 is connected between a storage capacitor
Cst and the input terminal of the initialization voltage Vinit.
A gate electrode of each of the second and seventh TFTs T2
and T7 is connected to an nth first scan line, to which the nth
first scan signal SCAN1(#) is applied. The pixel PXL of FIG.
14 further includes the seventh TFT T7 and thus increases
the operational stability of a circuit. Since other components
of the pixel PXL of FIG. 14 is substantially the same as the
pixel PXL of FIG. 10, a further description may be briefly
made or may be entirely omitted.

[0081] FIG. 15 is an equivalent circuit diagram showing
another modified example of a pixel structure shown in FIG.
10. FIG. 16 is a waveform diagram showing a data signal
and a gate signal applied to a pixel shown in FIG. 15.
[0082] Simplifying a pixel array of the display panel 10
simplifies the manufacturing process of the display panel 10,
and/or increases the yield of the manufacturing of the
display panel 10.

[0083] As shown in FIG. 15, a pixel PXL on an nth pixel
row may be configured such that second and third TFTs T2
and T3 are turned on or off in response to the same scan
signal SCAN(n), so as to simplify the pixel array. For this,
a gate electrode of the second TFT T2 and a gate electrode
of the third TFT T3 may be connected to an nth scan line,
to which the nth scan signal SCAN(n) is applied. When the
number of signal lines for supplying the gate signals
decreases by removing some gate signals, an aperture ratio
of the pixel can increase by a reduction in the number of
signal lines. Further, the size of the gate driving circuit
generating the gate signals may decrease by a reduction in
the number of gate signals. This is aids in the implementa-
tion of a narrow bezel.

[0084] Since other components in the pixel PXL shown in
FIG. 15 are substantially the same as the pixel PXL shown
in FIG. 10, a further description may be briefly made or may
be entirely omitted.

[0085] Referring to FIG. 16, one frame period may be
divided into an initial period Pi in which a node C is
initialized, a sampling period Ps in which a threshold voltage
Vth of a driving TFT DT is sampled and is stored in a node
A, and an emission period Pe in which a gate-to-source
voltage Vgs of the driving TFT DT is programmed to
include the sampled threshold voltage Vth, and an OLED
emits light using a driving current Ioled of the OLED
controlled based on the programmed gate-to-source voltage
Vags.

[0086] In the initial period Pi, an nth scan signal SCAN(n)
and an nth first emission signal EM1(x) are applied at an
on-level, and an nth second emission signal EM2(n) is
applied at an off-level. Since an operational effect obtained
in the initial period Pi of FIG. 16 is substantially the same
as the initial period Pi of FIG. 12A, a further description may
be briefly made or may be entirely omitted.

[0087] In the sampling period Ps, the nth scan signal
SCAN(n) is applied at an on-level, and the nth first emission
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signal EM1(x) and the nth second emission signal EM2(x)
are applied at an off-level. Since an operational effect
obtained in the sampling period Ps of FIG. 16 is substan-
tially the same as the sampling period Ps of FIG. 12B, a
further description may be briefly made or may be entirely
omitted.

[0088] In the emission period Pe, the nth first emission
signal EM1(#) and the nth second emission signal EM2(n)
are applied at an on-level, and the nth scan signal SCAN(n)
is applied at an off-level. Since an operational effect
obtained in the emission period Pe of FIG. 16 is substantially
the same as the emission period Pe of FIG. 12C, a further
description may be briefly made or may be entirely omitted.

[0089] FIGS. 17 and 18 are equivalent circuit diagrams
showing other modified examples of a pixel structure shown
in FIG. 15.

[0090] The pixel PXL of FIG. 17 is different from the pixel
PXL of FIG. 15 in that the pixel PXL of FIG. 17 further
includes a sixth TFT T6. In the pixel PXL of FIG. 17, a
second TFT T2 is connected between a node E connected to
a storage capacitor Cst and a node C, and the sixth TFT T6
is connected between the node E and the input terminal of
the initialization voltage Vinit. A gate electrode of each of
the second and sixth TFTs T2 and T6 is connected to an nth
scan line, to which the nth scan signal SCAN(n) is applied.
The pixel PXL of FIG. 17 further includes the sixth TFT T6
and thus increases the operational stability of a circuit. Since
other components of the pixel PXL of FIG. 17 is substan-
tially the same as the pixel PXL of FIG. 15, a further
description may be briefly made or may be entirely omitted.

[0091] The pixel PXL of FIG. 18 is different from the pixel
PXL of FIG. 15 in that the pixel PXL of FIG. 18 further
includes a seventh TFT T7. In the pixel PXL of FIG. 18, the
seventh TFT T7 is connected between a storage capacitor
Cst and the input terminal of the initialization voltage Vinit.
A gate electrode of each of the second and seventh TFTs T2
and T7 is connected to an nth scan line, to which the nth scan
signal SCAN(n) is applied. The pixel PXL of FIG. 18 further
includes the seventh TFT T7 and thus increases the opera-
tional stability of a circuit. Since other components of the
pixel PXL of FIG. 18 is substantially the same as the pixel
PXL of FIG. 15, a further description may be briefly made
or may be entirely omitted.

[0092] FIGS. 19 and 20 are equivalent circuit diagrams
showing a structure of a pixel according to an embodiment.
FIG. 21 is a waveform diagram showing a data signal and a
gate signal applied to a pixel shown in FIGS. 19 and 20.

[0093] Referring to FIG. 19, each pixel PXL on an nth
pixel row, where n is a natural number, includes an OLED,
a driving TFT DT, a first TFT T1, a third TFT T3, a fourth
TFT T4, a fifth TFT T5. and a storage capacitor Cst. The
pixel PXL of FIG. 19 is different from the pixel PXL of FIG.
10, in that the pixel PXL of FIG. 19 does not include a
second TFT T2, the first and third TFTs T1 and T3 are driven
using the same scan signal SCAN(n), and the fourth and fifth
TFTs T4 and T5 are driven using the same emission signal
EM(n). Because the pixel structure of FIG. 19 has the
minimum number of TFTs and the minimum number of gate
signals compared to the above-described pixel structures,
the pixel structure of FIG. 19 is most advantageous to
increase the integration. In the pixel PXL of FIG. 19, the
storage capacitor Cst is connected between a node A and the
input terminal of the initialization voltage Vinit.
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[0094] A pixel PXL of FIG. 20 includes a second TFT T2
connected between a node C and the input terminal of the
low potential driving voltage ELVSS, unlike the pixel PXL
of FIG. 19. In the pixel PXL of FIG. 20, the storage capacitor
Cst is connected between a node A and the input terminal of
the low potential driving voltage ELVSS.

[0095] The pixel PXL of FIG. 20 further includes the
second TFT T2 so as to initialize the node C in an initial
period Pi, thereby securing the operational stability. In the
pixel PXL of FIG. 20, because a drain electrode of the
second TFT T2 is directly connected to the input terminal of
the low potential driving voltage ELVSS, signal lines for
supplying the initialization voltage Vinit may be removed.
[0096] Referring to FIG. 21, one frame period may be
divided into an initial period Pi in which a node A and a node
C are initialized, a sampling period Ps in which a threshold
voltage Vth of the driving TFT DT is sampled and is stored
in the node A, and an emission period Pe in which a
gate-to-source voltage Vgs of the driving TFT DT is pro-
grammed to include the sampled threshold voltage Vth, and
an OLED emits light using a driving current Ioled of the
OLED controlled based on the programmed gate-to-source
voltage Vgs. As shown in FIG. 21, both an initialization
operation and a sampling operation are performed during an
nth horizontal period Hn. Namely, the initial period Pi and
the sampling period Ps are included in the nth horizontal
period Hn.

[0097] Inthe initial period Pi, an nth scan signal SCAN(n)
and an nth emission signal EM(n) are applied at an on-level.
Since an operational effect obtained in the initial period Pi
of FIG. 21 is substantially the same as the initial period Pi
of FIG. 12A, a further description may be briefly made or
may be entirely omitted.

[0098] In the sampling period Ps, the nth scan signal
SCAN(n) is applied at an on-level, and the nth emission
signal EM(n) is applied at an off-level. Since an operational
effect obtained in the sampling period Ps of FIG. 21 is
substantially the same as the sampling period Ps of FIG.
12B, a further description may be briefly made or may be
entirely omitted.

[0099] In the emission period Pe, the nth emission signal
EM(n) is applied at an on-level, and the nth scan signal
SCAN(n) is applied at an off-level. Since an operational
effect obtained in the emission period Pe of FIG. 21 is
substantially the same as the emission period Pe of FIG.
12C, a further description may be briefly made or may be
entirely omitted.

[0100] FIGS. 22 to 24 are equivalent circuit diagrams
showing modified examples of a pixel structure shown in
FIGS. 19 and 20. FIG. 25 is a waveform diagram showing
a data signal and a gate signal applied to a pixel shown in
FIGS. 22 t0 24.

[0101] A pixel PXL of FIG. 22 further includes a sixth
TFT T6 compared to the pixel PXL of FIG. 19, and a pixel
PXL of FIG. 24 further includes a sixth TFT T6 compared
to the pixel PXL of FIG. 20. The sixth TFT T6 includes a
drain electrode connected to the input terminal of the high
potential driving voltage ELVDD and a source electrode
connected to a node A. A gate electrode of the sixth TFT T6
is connected to a (n-1)th scan line, to which a (n—1)th scan
signal SCAN(n-1) is applied, so that an initialization opera-
tion is performed in a (n-1)th horizontal period Hn-1. As a
result, as shown in FIG. 25, because an entire duration of an
nth horizontal period Hn is allotted to a sampling operation
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of the pixels PXL of FIGS. 22 and 24, a sampling period Ps
can be sufficiently secured, and reliability of the sampling
operation can be improved.

[0102] A pixel PXL of FIG. 23 is different from the pixel
PXL of FIG. 22 in that an electrode on one side of a storage
capacitor Cst is directly connected to the input terminal of
the low potential driving voltage ELVSS. Hence, the pixel
PXL of FIG. 23 can remove signal lines for supplying the
initialization voltage Vinit.

[0103] In one of the pixels PXL shown in FIGS. 22 to 24,
a gate electrode of each of the first, second, and third TFTs
T1, T2, and T3 is connected to an nth scan line to which an
nth scan signal SCAN(n) is applied; a gate electrode of each
of the fourth and fifth TFTs T4 and T5 is connected to an nth
emission line to which an nth emission signal EM(n) is
applied; and a gate electrode of the sixth TFT T6 is con-
nected to the (n-1)th scan line, to which the (n—-1)th scan
signal SCAN(n-1) is applied.

[0104] In an initial period Pi, the (n-1)th scan signal
SCAN(n-1) and the nth emission signal EM(n) are applied
at an on-level, and the nth scan signal SCAN(n) is applied
at an off-level. In a sampling period Ps, the nth scan signal
SCAN(n) is applied at an on-level, and the (n-1)th scan
signal SCAN(n-1) and the nth emission signal EM(n) are
applied at an off-level. In an emission period Pe, the nth
emission signal EM(n) is applied at an on-level, and the
(n-1)th scan signal SCAN(n-1) and the nth emission signal
EM(n) are applied at an off-level.

[0105] The initial period Pi is included in a (n-1)th
horizontal period Hn-1, and the sampling period Ps is
included in an nth horizontal period Hn.

[0106] FIGS. 26 to 28 are equivalent circuit diagrams
showing an example where horizontally adjacent pixels
share a predetermined TFT with each other so as to increase
the integration of pixels.

[0107] FIG. 26 illustrates a sharing structure based on the
pixel structure of FIG. 3, FIG. 27 illustrates a sharing
structure based on the pixel structure of FI1G. 10, and FIG.
28 illustrates a sharing structure based on the pixel structure
of FIG. 20.

[0108] In FIGS. 26 to 28, horizontally adjacent pixels
PXL1 and PXL2 include a first pixel PXL.1 connected to a
first data line 14A and a second pixel PXL2 connected to a
second data line 14B adjacent to the first data line 14A. In
this instance, the first and second pixels PXL1 and PXI.2
may share a fourth TFT T4, that is directly connected to the
input terminal of the high potential driving voltage ELVDD,
with each other, so as to increase the integration of the
pixels. Hence, the embodiments can reduce the number of
fourth TFTs T4 in the pixel array to one half through the
sharing structure.

[0109] 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 scope of the principles of this disclosure.
More particularly, various 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 addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.
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What is claimed is:

1. A light emitting diode display comprising:

a display panel including a plurality of pixels, the pixels

including a pixel that comprises:

an light emitting diode including an anode electrode
connected to a node C and a cathode electrode
connected to an input terminal of a low potential
driving voltage;

a driving thin film transistor (TFT) including a gate
electrode connected to a node A, a drain electrode
comected to a node B, and a source electrode
connected to a node D, the driving TFT controlling
a driving current applied to the light emitting diode;

a first TFT connected between the node A and the node
B;

a second TFT connected to the node C;

athird TFT connected between a data line and the node
D;

a fourth TFT connected between an input terminal of a
high potential driving voltage and the node B;

a fifth TFT connected between the node D and the node
G

a storage capacitor connected between the node A and
an input terminal of an initialization voltage; and

a seventh TFT connected between the storage capacitor
and the input terminal of the initialization voltage.

2. The light emitting diode display of claim 1, wherein the
second TFT is further connected to the input terminal of the
initialization voltage.

3. The light emitting diode display of claim 1, wherein a
gate electrode of each of the first, second, and seventh TFTs
is connected to a first scan line to which a first scan signal
is applied, a gate electrode of the third TFT is connected to
a second scan line to which a second scan signal is applied,
a gate electrode of the fourth TFT is connected to a first
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emission line to which a first emission signal is applied, and
a gate electrode of the fifth TFT is connected to a second
emission line to which a second emission signal is applied.

4. The light emitting diode display of claim 3, wherein
one frame period includes an initial period in which the node
A and the node C are initialized, a sampling period in which
a threshold voltage of the driving TFT is sampled and is
stored in the node A, and an emission period in which a
gate-to-source voltage of the driving TFT is programmed to
include the sampled threshold voltage and the light emitting
diode emits light using the driving current controlled based
on the programmed gate-to-source voltage,

wherein in the initial period, the first scan signal and the

first emission signal are applied at an on-level, and the
second scan signal and the second emission signal are
applied at an off-level,

wherein in the sampling period, the first scan signal and

the second scan signal are applied at an on-level, and
the first emission signal and the second emission signal
are applied at an off-level, and

wherein in the emission period, the first emission signal

and the second emission signal are applied at an
on-level, and the first scan signal and the second scan
signal are applied at an off-level.

5. The light emitting diode display of claim 4, wherein the
pixel is part of an nth pixel row, wherein n is a natural
number, and wherein the initial period and the sampling
period are performed while a data signal for the nth pixel
row is provided to the data line.

6. The light emitting diode display of claim 1, wherein at
least one of the first TFT or the second TFT comprises two
serially connected TFT’s turned on or off in response to a
same scan signal.
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