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FIG. 4A
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FIG. 4B
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ELECTROLUMINESCENCE DISPLAY AND
METHOD FOR DRIVING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0083472 filed on Jun. 30,
2017, which is incorporated herein by reference in its
entirety for all purposes as if fully set forth herein

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display device,
more particularly, to an electroluminescence display and a
method for driving the same.

Description of the Background

[0003] Electroluminescence displays can be classified into
inorganic light-emitting displays and organic light-emitting
displays depending on the material of an emission layer. Of
these, an active-matrix organic light emitting display com-
prises organic light-emitting diodes (hereinafter, “OLED”),
which are typical light-emitting diodes that emit light them-
selves, and has advantages of fast response time, high
luminous efficiency, high brightness, and wide viewing
angle.

[0004] An OLED of an organic light-emitting display
comprises an anode, a cathode, and an organic compound
layer situated between these electrodes. The organic com-
pound layer consists of 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 power voltage is applied to the anode and cathode,
holes passing through the hole transport layer HTL and
electrons passing through the electron transport layer ETL
move to the emission layer EML, forming excitons. As a
result, the emission layer EML generates visible light
[0005] An organic light-emitting display has pixels
arranged in a matrix form, each pixel comprising an OLED
and a driving TFT (thin film transistor), and adjusts the
brightness of an image represented by pixels in accordance
with the grayscale values of video data. The driving TFT
controls the drive current flowing through the OLED in
response to a voltage applied between its gate electrode and
source electrode (hereinafter, “gate-source voltage”). The
light intensity and brightness of the OLED are determined
by the drive current.

[0006] Generally, when the driving TFT operates in a
saturation region, a drive current Ids flowing between the
drain and the source of the driving TFT is expressed as
follows:

Tds=Y* (W C*W/LY* (Vas-Vih)

[0007] Where p is the electron mobility, C is the capaci-
tance of a gate insulator film, W is the channel width of the
driving TFT, and L is the channel length of the driving TFT.
Vgs is the gate-source voltage of the driving TFT, and Vth
is the threshold voltage (or critical voltage) of the driving
TFT. Depending on pixel structure, the gate-source voltage
Vgs of the driving TFT may be the differential voltage
between a data voltage and a reference voltage. Since the
data voltage is an analog voltage corresponding to the
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grayscale value of video data and the reference voltage is a
fixed voltage, the gate-source voltage Vgs of the driving
TFT is programmed (or set) by the data voltage. The drive
current 1ds is determined by the programmed gate-source
voltage Vgs.

[0008] The electrical characteristics of the pixels, such as
the threshold voltage Vth of the driving TFT, the electron
mobility u of the driving TFT, and the threshold voltage of
the OLED, should be the same for every pixel since they
serve as a factor for determining the drive current Ids.
However, the electrical characteristics can vary between
pixels, due to various causes including process variation,
temporal change, etc.

[0009] To compensate for variation in the electrical char-
acteristics of the driving TFT, internal compensation and
external compensation may be applied. In the internal com-
pensation method, variation in the electrical characteristics
of the driving TFT between pixels is automatically compen-
sated for in real time by using the gate-source voltage of the
driving TFT which varies with the electrical characteristics
of the driving TFT. In the external compensation method,
variation in the electrical characteristics of the driving TFT
between pixels is compensated for by sensing the voltage of
each pixel varying with the electrical characteristics of the
driving TFT and modulating data of an input image by an
external circuit based on the sensed voltage.

[0010] The present disclosure provides an electrolumines-
cence display that compensates for variation in electrical
characteristics such as the mobility, threshold voltage, etc. of
the driving TFT and prevents brightness degradation that
may occur when compensating for the electrical character-
istics of the driving TFT.

SUMMARY

[0011] An exemplary aspect of the present disclosure
provides an electroluminescence display comprising a dis-
play panel where a plurality of pixels connected to a
plurality of data lines and a plurality of gate lines are
arranged, each pixel comprising: a driving TFT that controls
the current in a light-emitting element EL in response to a
data voltage applied to a gate; and switching TFTs that
supply a high-level power supply voltage to the driving TFT
in response to a gate-on voltage of an emission signal and
control signals applied to the source and drain of the driving
TFT, wherein the electroluminescence display switches
between first and second modes, the first mode being a mode
in which data writing and driving TFT characteristic com-
pensation are performed within 1 horizontal period by
applying a data voltage to the gate of the driving TFT, and
the second mode being a mode in which data writing is
performed within the 1 horizontal period by applying an
initial voltage to the gate of the driving TFT and applying the
data voltage upon completion of the compensation of the
driving TFT characteristics.

[0012] Each pixel comprises a driving TFT that controls
the current in the light-emitting element by a gate-source
voltage, a first switching TFT that applies a first voltage to
the gate of the driving TFT in response to a first scan signal,
a second switching TFT that applies a second voltage to the
source of the driving TFT in response to a second scan
signal, and a third switching TFT that supplies the high-level
power supply voltage to the drain of the driving TFT in
response to an emission signal, and the electroluminescence
display further comprises: a gate drive circuit that generates
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the scan signals and the emission signal; and a data drive
circuit that generates the initial voltage and a data voltage.
[0013] In the first mode, a data voltage is applied to the
gate of the driving TFT within the 1 horizontal period while
the first switching TFT, second switching TFT, and third
switching TFT are turned on, and then the electrical char-
acteristics of the driving TFT are compensated for while
only the second switching TFT is turned off.

[0014] In the second mode, the initial voltage is applied to
the gate of the driving TFT in an initial period of the 1
horizontal period while the first switching TFT and the third
switching TFT are turned on and the second switching is
turned off, and the data voltage is applied to the gate of the
driving TFT in the remaining period of the 1 horizontal
period while the second switching TFT and the third switch-
ing TFT are turned off and the first switching TFT is turned
on.

[0015] In the second mode, the light-emitting element
remains in the off state while the data voltage is applied to
the gate of the driving TFT.

[0016] During a compensation period for compensating
for the characteristics of the driving TFT, the driving TFT is
diode-connected by short-circuiting of the gate node and the
drain node, and the potential of the gate node is fixed and the
potential of the source node differs depending on the char-
acteristics of the driving TFT.

[0017] In the first mode, the data drive circuit applies the
data voltage to the gate node of the driving TFT through the
first switching TFT within the 1 horizontal period.

[0018] In the second mode, the data drive circuit supplies
the initial voltage to the data lines in an initial period of the
1 horizontal period and supplies the data voltage to the data
lines in the remaining period of the 1 horizontal period.
[0019] Another exemplary aspect of the present disclosure
provides a method for driving an electroluminescence dis-
play comprising a display panel where a plurality of pixels
connected to a plurality of data lines and a plurality of gate
lines are arranged, each pixel comprising: a driving TFT that
controls the current in a light-emitting element EL in
response to a data voltage applied to a gate; and switching
TFTs that supply a high-level power supply voltage to the
driving TFT in response to a gate-on voltage of an emission
signal and control signals applied to the source and drain of
the driving TFT, wherein the electroluminescence display
switches between first and second modes, and the method
comptises: operating the electroluminescence display in the
first mode to perform data writing and driving TFT charac-
teristic compensation within 1 horizontal period by applying
a data voltage to the gate of the driving TFT; and operating
the electroluminescence display in the second mode to
perform data writing within the 1 horizontal period by
applying an initial voltage to the gate of the driving TFT and
applying the data voltage upon completion of the compen-
sation of the driving TFT characteristics.

[0020] A further exemplary aspect of the present disclo-
sure provides An electroluminescence display comprising a
display panel where a plurality of pixels connected to a
plurality of data lines and a plurality of gate lines are
arranged, each pixel includes a gate drive circuit that gen-
erates first and second scan signals and an emission signal;
a data drive circuit that generates an initial voltage and a data
voltage; a driving thin film transistor (TFT) having a gate, a
source and drain and controls a current in a light-emitting
element EL in response to a data voltage applied to the gate
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of the driving TFT; and first, second and third switching
TFTs that supply a high-level power supply voltage to the
driving TFT in response to a gate-on voltage of the emission
signal and control signals applied to source and the drain of
the driving TFT, wherein the electroluminescence display is
driven with switching between first and second modes to
compensate for electrical characteristics of the driving TFT
and prevent bright degradation of the display panel by
performing data writing and driving TFT characteristic
compensation a 1 horizontal period and applying a data
voltage to the gate of the driving TFT in the first mode, and
performing the data writing within the 1 horizontal period
and applying an initial voltage to the gate of the driving TFT
and applying the data voltage upon completion of the
compensation of the driving TFT characteristics in the
second mode.

[0021] An electroluminescence display according to the
present disclosure can compensate for the characteristics of
the driving TFT of each pixel and prevent a decrease in
brightness caused by voltage drop.

[0022] An electroluminescence display according to the
present disclosure allows for providing brightness unifor-
mity and preventing a decrease in the brightness of the
electroluminescence display, which may occur with charac-
teristic compensation, since a data voltage is applied after
the characteristics of the driving TFT are compensated for
within 1 horizontal period.

[0023] Furthermore, an electroluminescence display
according to the present disclosure can minimize voltage
loss, which may occur with driving TFT compensation, by
writing a data voltage after characteristic compensation is
completed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate aspects of the disclosure and together with the
description serve to explain the principles of the disclosure.
[0025] In the drawings:

[0026] FIG. 1 is a block diagram showing an electrolumi-
nescence display according to an exemplary aspect of the
present disclosure;

[0027] FIG. 2 is a circuit diagram showing an example
pixel circuit;
[0028] FIG. 3 is a waveform diagram showing drive signal

waveforms of a pixel circuit according to an exemplary
aspect of the present disclosure;

[0029] FIGS. 4A to 4C are views showing in steps how the
pixel circuit of FIG. 2 works;

[0030] FIG. 5 is a graph showing how brightness is made
uniform by compensating for driving TFT characteristics;
[0031] FIG. 6is a waveform diagram showing drive signal
waveforms of a pixel circuit according to another exemplary
aspect of the present disclosure;

[0032] FIG. 7 is a view showing how the pixel circuit
works in accordance with the signal waveforms of FIG. 6;
[0033] FIG. 8isa waveform diagram showing drive signal
waveforms of a pixel circuit according to yet another
exemplary aspect of the present disclosure; and

[0034] FIG. 9 is a view showing how the pixel circuit
works in accordance with the signal waveforms of FIG. 8.
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DETAILED DESCRIPTION

[0035] Reference will now be made in detail aspects of the
disclosure, examples of which are illustrated in the accom-
panying drawings.

[0036] Various aspects and features of the present disclo-
sure and methods of accomplishing them may be understood
more readily by reference to the following detailed descrip-
tions of exemplary aspects and the accompanying drawings.
The present disclosure may, however, be embodied in many
different forms and should not be construed as being limited
to the exemplary aspects set forth herein. Rather, these
exemplary aspects are provided so that this disclosure will
be thorough and complete and will fully convey the concept
of the present disclosure to those skilled in the art, and the
present disclosure is defined by the appended claims.
[0037] The shapes, sizes, proportions, angles. numbers,
etc. shown in the figures to describe the exemplary aspects
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’, ‘consist of” 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.

[0038] The elements may be interpreted to include an error
margin even if not explicitly stated.

[0039] When the position relation between two parts is
described using the terms “on”, “over”, “under”, “next to”
and the like, one or more parts may be positioned between
the two parts as long as the term “immediately” or “directly”
is not used.

[0040] It will be understood that, although the terms
“first”, “second”, etc. may be used herein to describe various
elements, these elements are not limited by these terms.
These terms are used to distinguish one element from
another element. Thus, a first element mentioned below
could also be termed as a second element without departing
from the technical spirit of the present disclosure.

[0041] Like reference numerals denote substantially like
elements throughout the specification.

[0042] The following exemplary aspects of the present
disclosure may be coupled or combined with one another
either partly or wholly, and may technically interact or work
together in various ways. The exemplary aspects may be
carried out independently or in connection with one another.
[0043] In the present disclosure, pixel circuits and a gate
driver which are formed on a substrate of a display panel
may be implemented as n-type or p-type MOSFET (metal
oxide semiconductor field effect transistor) TFTs. It should
be noted that, although the exemplary aspects below illus-
trate p-type TFTs (PMOS), the present disclosure is not
limited to them. A TFT is a three-electrode device with gate,
source, and drain. The source is an electrode that provides
carriers to the transistor. The carriers in the TFT flow from
the source. The drain is an electrode where the carriers leave
the TFT. That is, in a MOSFET, carriers flow from the source
to the drain. In the case of an n-type TFT (NMOS), the
carriers are electrons, and thus the source voltage is lower
than the drain voltage so that the electrons flow from the
source to the drain. In the n-type TFT, since the electrons
flow from the source to the drain, current flows from the
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drain to the source. In the case of a p-type TFT (PMOS), the
carriers are holes, and thus the source voltage is higher than
the drain voltage so that the holes flow from the source to the
drain. In the p-type TFT, since the holes flow from the source
to the drain, current flows from the source to the drain. It
should be noted that the source and drain of a MOSFET are
not fixed in position. For example, the source and drain of
the MOSFET are interchangeable depending on the applied
voltage.

[0044] In what follows, gate-on voltage is the voltage of a
gate signal by which a TFT is turned on, and gate-off voltage
is a voltage by which the TFT is turned off. In PMOS, the
gate-on voltage is a low voltage L, and the gate-off voltage
is a high voltage H. In NMOS, the gate-on voltage is a high
voltage H, and the gate-off voltage is a low voltage L.
[0045] Hereinafter, various exemplary aspects of the pres-
ent disclosure will be described in detail with reference to
the accompanying drawings. In the exemplary aspects
below, the description of the electroluminescence display
will focus on an organic light-emitting display comprising
organic light-emitting material. However, it should be noted
that the technical idea of the present disclosure is not limited
to organic light-emitting displays but may apply to inorganic
light-emitting displays comprising inorganic light-emitting
material.

[0046] FIG. 1 shows an electroluminescence display
according to an exemplary aspect of the present disclosure.
[0047] Referring to FIG. 1, the electroluminescence dis-
play according to the exemplary aspect of the present
disclosure comprises a display panel 10 with pixels PXL, a
data drive circuit 12 for driving a plurality of data lines 14,
a gate drive circuit 13 for driving a plurality of gate lines 15,
and a timing controller 11 for controlling the operation
timings of the data drive circuit 12 and gate drive circuit 13.
[0048] The data lines 14 and the gate lines 15 intersect on
the display panel 10, and the pixels PXL are arranged in a
matrix form and located at the intersections. Pixels PXL in
a row are connected to a single gate line 15 comprising at
least one scan line and at least one emission line. That is,
each pixel PXL may be connected to a single data line 14,
at least one scan line, and at least one emission line. The
pixels PXL may be commonly supplied with high-level and
low-level operating voltages VDD and VSS and an initial
voltage Vini from a power generator (not shown). To prevent
unnecessary light emission from the OLED in an initial
period and a sampling period, the initial voltage Vini may be
selected within a voltage range sufficiently lower than the
operating voltage of the OLED, and may be set equal to or
lower than the low-level operating voltage ELVSS.

[0049] The TFTs constituting the pixel PXL may be imple-
mented as oxide TFTs each comprising an oxide semicon-
ductor layer. When electron mobility, process deviation, etc.
are all considered, the oxide TFTs are advantageous for a
large-sized display panel 10. However, the present disclo-
sure is not limited thereto, but the semiconductor layers of
the TFTs may be formed of amorphous silicon, polysilicon,
etc. Each pixel PXL comprises a plurality of TFTs and a
storage capacitor, in order to compensate for variation in the
threshold voltage of the driving TFT. The present disclosure
proposes a method for solving the problem of brightness
degradation which occurs as compensation time increases.
[0050] The timing controller 11 re-aligns digital video data
RGB input from an external system board to match the
resolution of the display panel 10 and supplies it to the data
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drive circuit 12. Also, the timing controller 11 generates a
data timing control signal DDC for controlling the operating
timing of the data drive circuit 12 and a gate timing control
signal GDC for controlling the operating timing of the gate
drive circuit 13, based on timing signals such as a vertical
synchronization signal Vsync, a horizontal synchronization
signal Hsync, a dot clock signal DCL, and a data enable
signal DE.

[0051] The data drive circuit 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.

[0052] The gate drive circuit 13 generates a scan signal
and an emission signal based on the gate control signal
GDC. The gate drive circuit 13 may comprise a scan driver
and an emission driver. In order to drive at least one scan line
connected to each pixel row, the scan driver may generate a
scan signal and provide it to the scan lines on a line-
sequential basis. In order to drive at least one emission line
connected to each pixel row, the emission driver may
generate an emission signal and provide it to the emission
lines.

[0053] The electroluminescence display of the present
disclosure may provide first and second modes for compen-
sating for the electrical characteristics of the driving TFT.
The first and second modes are for compensating for the
characteristics of the driving TFT. The first mode is a mode
in which data writing and driving TFT characteristic com-
pensation are performed simultaneously within 1 horizontal
period 1H, and the second mode is a mode in which driving
TFT characteristic compensation and data writing are
sequentially performed within 1 horizontal period 1H. Com-
pared with the first mode, the second mode allows for
compensating for a decrease in brightness of the display
panel caused by the first mode operation by minimizing a
voltage drop. The electroluminescence display of the dis-
closure may be designed to switch between the first and
second modes at given intervals or to perform compensation
in the first mode or second mode depending on the driving
condition of the display device.

[0054] In the electroluminescence display of the present
disclosure, as shown in FIG. 2, each subpixel comprises a
driving TFT DT that controls the current in a light-emitting
element EL by a gate-source voltage Vgs, and a switching
TFT S3 that supplies a high-level power supply voltage
VDD to the driving TFT DT in response to the gate-on
voltage of an EM signal EM.

[0055] In this regard, the timing controller 11 may set a
compensation time for compensating for the characteristics
of the driving TFT DT within 1 horizontal period 1H
according to the first mode or second mode, and generate a
data control signal DDC and a gate control signal GDC by
allowing a source node of the driving TFT to float and
compensating for the characteristic of the driving TFT DT
between the pixels P during the real-time characteristic
compensation time.

[0056] FIG. 2 is a view showing a pixel circuit according
to an exemplary aspect of the present disclosure.

[0057] Referring to FIG. 2, the pixel circuit may comprise
a light-emitting element EL, a driving TFT DT, a storage
capacitor Cst, a first switching TFT S1, a second switching
TFT S2, and a third switching TFT S3. The switching TFTs
S1 to S3 and the driving TFT DT may be implemented as
n-type MOSFETs.
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[0058] The light-emitting element EL comprises an
organic compound layer situated between an anode and a
cathode. The organic compound layer may consist of, but is
not limited to, 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
cathode CAT of the light-emitting element EL is connected
to the low-level power supply voltage VSS, and the anode
ANO is connected to the source of the driving TFT DT.
[0059] The driving TFT DT is a driving element that
controls the current flowing through the light-emitting ele-
ment EL in response to the gate-source voltage Vgs. The
driving TFT DT comprises a gate connected to a second
node node2, a source connected to a third node node3, and
a drain connected to the first node nodel. The second node
node2 is connected to the gate of the driving TFT DT, one
electrode of the storage capacitor Cst, and the source of the
first switching TFT S1. The storage capacitor Cst is con-
nected between the second node node2 and the third node
node3. The high-level power supply voltage VDD is applied
to the driving TFT DT via the first node nodel.

[0060] In this pixel circuit, when the characteristics of the
driving TFT DT are compensated for in the first mode, the
input signal waveforms are as shown in FIG. 3.

[0061] FIG. 3 is a view of drive signal waveforms of the
pixel circuit of FIG. 2, which shows the waveforms of drive
signals obtained when the characteristics of the driving TFT
DT are compensated for in the first mode. In FIG. 3, “1H”
represents 1 horizontal period in which data is written to the
pixel. FIGS. 4A to 4C are views sequentially showing how
the pixel circuit of FIG. 2 works.

[0062] As shown in FIG. 3, first and second scan signals
SCANI1 and SCAN2, an EM signal EM and a data signal
Vdata are applied to the pixel circuit. These signals SCANT,
SCAN2, and EM swing between high voltage and low
voltage. The pixel circuit of FIG. 2 comprises n-type MOS-
FETS, for example, in which case the gate is on in the
high-voltage state and off in the low-voltage state. On the
other hand, in a case where the pixel circuit comprises
p-type MOSFETs, the gate is turned on when the gate
voltage is in the low-voltage state. Accordingly, in the
description below, a voltage for turning on the gate is called
the gate-on voltage, and a voltage for turning off the gate is
called the gate-off voltage.

[0063] The first scan signal SCAN1 is generated as the
gate-on voltage during times t1 and t2 of 1 frame and
generated as the gate-off voltage during time t3 and
onwards.

[0064] The second scan signal SCAN2 is generated as the
gate-on voltage during time t1 and generated as the gate-off
voltage during time t2 and onwards. The EM signal EM is
generated as the gate-on voltage during times t1 and t2 and
generated as the gate-off voltage during time t3 and
onwards, or may switch on or off the pixels at a preset PWM
(pulse width modulation) duty ratio.

[0065] According to the signal waveforms of FIG. 3, the
first switching TFT S1 of FIG. 2 is turned on in response to
the first scan signal SCAN1 during times t1 and t2 to supply
a data voltage Vdata to the second node node2. The first
switching TFT S1 comprises a gate connected to a first gate
line to which the first scan signal SCAN1 is applied, a drain
to which the data voltage Vdata is applied, and a source
connected to the gate of the driving TFT DT via the second
node node2.



US 2019/0006452 A1

[0066] The second switching TFT S2 is turned on in
response to the second scan signal SCAN2 to form a current
path between a sensing line and the first node nodel during
time t1. The second switching TFT S2 comprises a gate
connected to a second gate line to which the second scan
signal SCAN2 is applied, a source to which a predetermined
reference voltage Vref is applied, and a drain connected to
the source of the driving TFT DT, the anode ANO of the
light-emitting element EL, and the other electrode of the
storage capacitor Cst via the third node node3. The reference
voltage Vref is a voltage lower than the high-level power
supply voltage VDD.

[0067] The third switching TFT S3 is located between a
VDD line and the drain of the driving TFT DT and switches
the current path between the VDD line and the driving TFT
DT in response to the EM signal EM. The third switching
TFT S3 is turned on in response to the gate-on voltage of the
EM signal EM during times t1 and t3 to supply the high-
level power supply voltage VDD to the drain of the driving
TFT DT via the first node nodel. The third switching TFT
S3 comprises a gate connected to a third gate line to which
the EM signal EM is applied, a source connected to the drain
of the driving TFT DT via the first node nl, and a drain to
which the high-level power supply voltage VDD is applied
via the VDD line.

[0068] The operation of this pixel circuit will be described
in steps with reference to FIGS. 4A to 4C.

[0069] During the reset time t1, the switching TFTs S1,
S2, and S3 are all turned on in response to the gate-on
voltage of the first and second scan signals SCAN1 and
SCAN2 and EM signal EM. In this case, as shown in FIG.
4A, the data voltage Vdata is applied to the second node
node2. During the reset time t1, the voltage of the third node
node3 is the reference voltage Vref, and the voltage of the
first node nodel is reset to the high-level power supply
voltage VDD. During the reset time t1, the driving TFT DT
is turned on since the gate voltage is higher than the source
voltage by threshold voltage Vth or above.

[0070] Next, during the real-time characteristic compen-
sation time t2, the first switching TFT S1 remains in the on
state since the first scan signal SCANT1 is held at the gate-on
voltage, whereas the second switching TFT S2 is turned off
since the second scan signal SCAN2 is inverted to the
gate-off voltage. In this case, the current path of the pixel
circuit is as shown in FIG. 4B. During the real-time char-
acteristic compensation time t2, the third node node3 con-
nected to the source of the driving TFT DT floats and the
source voltage of the driving TFT DT varies with the
characteristics of the driving TFT DT.

[0071] The driving TFT DT has a large amount of current
between the source and drain if it has high mobility during
the real-time characteristics compensation time t2, which
leads to a relatively large source voltage and therefore makes
Vgs relatively low. On the other hand, the driving TFT DT
has a small amount of current between the source and drain
if it has low mobility during the real-time characteristics
compensation time t2, which leads to a relatively small
amount of current discharged from the source voltage and
therefore makes Vgs relatively higher. The brightness of the
pixel is determined by the current in the light-emitting
element EL which is proportional to Vgs of the driving TFT
DT. Thus, a pixel A including driving TFT DT having high
mobility has a decrease in brightness because of a large
reduction in Vgs of the driving TFT DT during the real-time
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characteristic compensation time t2, whereas a pixel whose
driving TFT has relatively low mobility has less decrease in
brightness because of a smaller reduction in Vgs of the
driving TFT DT during the real-time characteristic compen-
sation time t2.

[0072] Accordingly, as can be seen from the pixel bright-
ness before and after compensation in FIG. 5, variation in
the characteristics of the driving TFT DT is compensated for
across the entire screen, thus making the brightness of the
pixels uniform across the entire screen

[0073] The above-described compensation process is per-
formed in the first mode to compensate for variation in the
characteristics of the driving TFT DT. In the first mode,
characteristic compensation is performed for 1H period, and
at the same time Vdata is applied. Thus, a voltage drop may
occur because current flows upon application of Vdata, and
this may lead to a decrease in brightness. Due to this, in the
present disclosure, the second mode, which enables bright-
ness compensation, can be performed as well.

[0074] FIG. 6 shows input signal waveforms obtained
when brightness is compensated for in the second mode. In
FIG. 6, “1H” represents 1 horizontal period in which data is
written to the pixel. In the case of compensation in the
second mode, 1H period is divided into an initial period Vini
and a data input period Vdata, and characteristic compen-
sation is done in the initial period Vini of ¥2H and then Vdata
is applied during the remaining “2H.

[0075] As shown in FIG. 6, first and second scan signals
SCAN1 and SCAN2, an EM signal Em and a data signal
Vdata are applied. These signals SCAN1 and SCAN2, EM,
and Vdata swing between high voltage and low voltage. The
pixel circuit of FIG. 2 comprises n-type MOSFETS, for
example, in which case the gate is on in the high-voltage
state and off in the low-voltage state. On the other hand, in
a case where the pixel circuit comprises p-type MOSFETs,
the gate is turned on when the gate voltage is in the
low-voltage state. Accordingly, in the description below, a
voltage for turning on the gate is called the gate-on voltage,
and a voltage for turning off the gate is called the gate-off
voltage.

[0076] The first scan signal SCANI is generated as the
gate-on voltage and then the gate-off voltage in the initial
period Vini of 12H and generated as the gate-on voltage and
then the gate-off voltage in the data input period Vdata of
15H.

[0077] The second scan signal SCAN2 is generated as the
gate-on voltage during time t1 in the initial period Vini of
15H and generated as the gate-off voltage during time 12 and
onwards.

[0078] The EM signal EM is generated as the gate-on
voltage during times t1 and t2 in the initial period Vini of
15H and generated as the gate-off voltage during time t3 and
onwards. Thus, the EM signal EM is held at the gate-off
voltage in the data input period Vdata of ¥2H and generated
as the gate-on voltage after the end of the data input period
Vdata.

[0079] According to the signal waveforms of FIG. 6, 1H
period is divided into an initial period Vini and a data input
period Vdata, and characteristic compensation is done in the
initial period Vini of ¥2H and then data Vdata is applied
during the remaining ¥H. In the data input period Vdata, the
EM signal is held at the gate-off voltage and data is applied
while the light-emitting element EL is turned off. Thus, the
data drive circuit 12 which supplies the data voltage Vdata
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has to comprise a component for supplying the initial
voltage Vini and a component for supplying the data voltage
Vdata.

[0080] Upon receiving the signals with the waveforms of
FIG. 6, the pixel may operate in the initial period Vini of
15H, as explained with reference to FIGS. 4A to 4C.
[0081] During the reset time t1 of %2H, the switching TFTs
S1, S2, and S3 are all turned on in response to the gate-on
voltage of the first and second scan signals SCANI1 and
SCAN2 and EM signal EM. In this case, as shown in FIG.
4A, the initial voltage Vini is applied to the second node
node2. During the reset time t1, the voltage of the third node
node3 is the reference voltage Vref, and the voltage of the
first node nodel is reset to the high-level power supply
voltage VDD. During the reset time t1, the driving TFT DT
is turned on since the gate voltage is higher than the source
voltage by threshold voltage Vith or above.

[0082] Next, during the real-time characteristic compen-
sation time t2, the first switching TFT S1 remains in the on
state since the first scan signal SCANT1 is held at the gate-on
voltage, whereas the second switching TFT S2 is turned off
since the second scan signal SCAN2 is inverted to the
gate-off voltage. In this case, the current path of the pixel
circuit is as shown in FIG. 4B. During the real-time char-
acteristic compensation time t2, the third node node3 con-
nected to the source of the driving TFT DT floats and the
amount of current discharged from the source voltage of the
driving TFT DT varies with the characteristics of the driving
TFT DT.

[0083] The driving TFT DT has a large amount of current
between the source and drain if it has high mobility during
the real-time characteristics compensation time t2, which
leads to a relatively large amount of current discharged from
the source voltage and therefore makes Vgs relatively low.
On the other hand, the driving TFT DT has a small amount
of current between the source and drain if it has low mobility
during the real-time characteristics compensation time t2,
which leads to a relatively small amount of current dis-
charged from the source voltage and therefore makes Vgs
relatively higher. The brightness of the pixel is determined
by the current in the light-emitting element EL which is
proportional to Vgs of the driving TFT DT. Thus, a pixel A
including driving TFT DT having high mobility has a
decrease in brightness because of a large reduction in Vgs of
the driving TFT DT during the real-time characteristic
compensation time 12, whereas a pixel whose driving TFT
has relatively low mobility has less decrease in brightness
because of a smaller reduction in Vigs of the driving TFT DT
during the real-time characteristic compensation time t2.
Accordingly, variation in the characteristics of the driving
TFT DT is compensated for across the entire screen, thus
making the brightness of the pixels uniform across the entire
screen.

[0084] FIG. 7 shows how the pixel works in the data input
period Vdata of %2H after the initial period Vini of V2H.
[0085] In the data input period Vdata, the first scan signal
SCANI is generated as the gate-on voltage and the second
scan signal SCAN2 and the EM signal EM are generated as
the gate-off voltage, thus turning on the first switching TFT
S1 and turning off the other switching elements S2 and S3
and the light-emitting element EL.

[0086] Afterwards, as shown in FIG. 7, the data voltage
Vdata is applied to the second node node2 through the
turned-on first switching TFT S1. Since the second and third
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switching TFTs S2 and S3 and the light-emitting element EL
are all turned off, the power supply line from the first node
nodel to the third node node3 operates like a capacitor, and
the data voltage Vdata is therefore written to the second
node node2 of the driving TFT DT.

[0087] After time t4, when the first scan signal SCANI is
inverted to the gate-off voltage and the EM signal EM is
inverted to the gate-on voltage, VDD is supplied to the
light-emitting element EL in response to Vgs of the driving
TFT DT.

[0088] As such, in the present disclosure, 1H period is
divided into an initial period Vini and a data input period
Vdata, and characteristic compensation can be done in the
initial period Vini of ¥2H and then Vdata is applied during
the remaining Y2H. That is, data Vdata is written after
characteristic compensation during 1H to allow the light-
emitting element EL to emit light, thereby reducing the
voltage drop to less than the threshold voltage Vth.

[0089] While the foregoing description has been given of
a pixel comprising n-type MOSFETs, the present disclosure
may also be applicable to a pixel comprising p-type MOS-
FETs.

[0090] FIGS. 8 and 9 show input signal waveforms
applied to a pixel comprising p-type MOSFETSs according to
an exemplary aspect of the present disclosure and how the
pixel works.

[0091] FIG. 8 is a waveform diagram of drive signals
obtained when the pixel comprising p-type MOSFETs is
controlled such that data Vdata is written after characteristic
compensation during 1H to allow the light-emitting element
EL to emit light. FIG. 9 shows how the pixel works in the
data input period Vdata of FIG. 8.

[0092] In the case of the p-type MOSFET, the gate is on
in the low-voltage state and off in the high-voltage state.
Thus, inverted signal waveforms are obtained by inverting
the waveforms of signals applied to a pixel comprising
n-type MOSFETs. In the description below, a voltage for
turning on the gate of the p-type MOSFET is called the
gate-on voltage, and a voltage for turning off the gate thereof
is called the gate-off voltage.

[0093] Referring to FIG. 8, first and second scan signals
SCAN1 and SCAN2, an EM signal EM, and a data signal
Vdata are applied to the pixel. These signals SCANI,
SCAN2, and EM swing between high voltage and low
voltage. In FIG. 8, “1H” represents 1 horizontal period in
which data is written to the pixel. In the case of compen-
sation in the second mode, 1H period is divided into an
initial period Vini and a data input period Vdata, and
characteristic compensation is done in the initial period Vini
of ¥2H and then Vdata is applied during the remaining %2H.
[0094] The first scan signal SCANT1 is generated as the
gate-on voltage and then the gate-off voltage in the initial
period Vini of 12H and generated as the gate-on voltage and
then the gate-off voltage in the data input period Vdata of
15H.

[0095] The second scan signal SCAN2 is generated as the
gate-on voltage and then the gate-off voltage in the initial
period Vini of 12H and generated as the gate-on voltage and
then the gate-off voltage in the data input period Vdata of
1AH.

[0096] The EM signal EM is generated as the gate-on
voltage during times t1 in the initial period Vini of 2H and
generated as the gate-off voltage during time t2 and
onwards. Thus, the EM signal EM is held at the gate-off
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voltage in the data input period Vdata of 2H and generated
as the gate-on voltage after the end of the data input period
Vdata.

[0097] According to the signal waveforms of FIG. 8, 1H
period is divided into an initial petiod Vini and a data input
period Vdata, and the electrical characteristics are compen-
sated for in the initial period Vini of %2H and then data Vdata
is applied during the remaining *~H. In the data input period
Vdata, the EM signal is held at the gate-off voltage and data
is applied while the light-emitting element EL is turned off.
Thus, the data drive circuit 12 which supplies the data
voltage Vdata has to comprise a component for supplying
the initial voltage Vini and a component for supplying the
data voltage Vdata.

[0098] In the pixel circuit of FIG. 9, during the initial
period of ¥2H, the switching TFTs S1, S2, and S3 are all
turned on in response to the gate-on voltage of the first and
second scan signals SCAN1 and SCAN2 and EM signal EM.
In this case, the initial voltage Vini is applied to the second
node node2. During the reset time t1, the voltage of the third
node node3 is the reference voltage Vref, and the voltage of
the first node nodel is reset to the high-level power supply
voltage VDD. During the reset time t1, the driving TFT DT
is turned on since the gate voltage is higher than the source
voltage by threshold voltage Vith or above.

[0099] Next, during the real-time characteristic compen-
sation time 12, the first switching TFT S1 remains in the on
state since the first scan signal SCANI1 is held at the gate-on
voltage, whereas the second switching TFT S2 is turned off
since the second scan signal SCAN2 is inverted to the
gate-off’ voltage. During the characteristic compensation
time 12, the third node node3 connected to the source of the
driving TFT DT floats and the amount of current discharged
at the source voltage of the driving TFT DT varies with the
characteristics of the driving TFT DT.

[0100] The driving TFT DT has a large amount of current
between the source and drain if it has high mobility during
the real-time characteristics compensation time t2, which
leads to a relatively large amount of current discharged at the
source voltage and therefore makes Vgs relatively low. On
the other hand, the driving TFT DT has a small amount of
current between the source and drain if it has low mobility
during the real-time characteristics compensation time t2,
which leads to a relatively small amount of current dis-
charged at the source voltage and therefore makes Vgs
relatively higher. The brightness of the pixel is determined
by the current in the light-emitting element EL. which is
proportional to Vgs of the driving TFT DT. Thus, a pixel A
whose driving TFT DT has high mobility has a decrease in
brightness because of a large reduction in Vgs of the driving
TFT DT during the real-time characteristic compensation
time t2, whereas a pixel whose driving TFT has relatively
low mobility has less decrease in brightness because of a
smaller reduction in Vgs of the driving TFT DT during the
real-time characteristic compensation time t2. Accordingly,
variation in the characteristics of the driving TFT DT is
compensated for across the entire screen, thus making the
brightness of the pixels uniform across the entire screen.

[0101] In the data input period Vdata, as shown in FIG. 9,
the first scan signal SCAN1 is generated as the gate-on
voltage and the second scan signal SCAN2 and the EM
signal EM are generated as the gate-off voltage, thus turning
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on the first switching TFT S1 and turning off the other
switching elements S2 and S3 and the light-emitting element
EL.

[0102] The data voltage Vdata is applied to the second
node node2 through the turned-on first switching TFT S1.
Since the second and third switching TFTs S2 and S3 and the
light-emitting element EL are all turned off, the power
supply line from the first node nodel to the third node node3
operates like a capacitor, and the data voltage Vdata is
therefore written to the second node node2 of the driving
TFT DT.

[0103] After time t4, when the first scan signal SCANI is
inverted to the gate-off voltage and the EM signal EM is
inverted to the gate-on voltage, VDD is supplied to the
light-emitting element EL in response to Vgs of the driving
TFT DT.

[0104] As such, in the present disclosure, 1H period is
divided into an initial period Vini and a data input period
Vdata, and characteristic compensation is done in the initial
period Vini of AH and then Vdata is applied during the
remaining “4H. That is, data Vdata is written after charac-
teristic compensation during 1H to allow the light-emitting
element EL to emit light, thereby reducing the voltage drop
to less than the threshold voltage Vth.

[0105] From the foregoing description, those skilled in the
art will readily appreciate that various changes and modifi-
cations can be made without departing from the technical
idea of the present disclosure. Therefore, the technical scope
of the present disclosure is not limited to what has been
stated in the detailed description of the specification but
defined by the appended claims.

What is claimed is:

1. An electroluminescence display comprising a display
panel where a plurality of pixels connected to a plurality of
data lines and a plurality of gate lines are arranged, each
pixel comprising:

a driving thin film transistor (TFT) having a gate, a source
and drain and controls a current in a light-emitting
element EL in response to a data voltage applied to the
gate of the driving TFT; and

more than one switching TFTs that supply a high-level
power supply voltage to the driving TFT in response to
a gate-on voltage of an emission signal and control
signals applied to source and the drain of the driving
TFT,

wherein the electroluminescence display is driven with
switching between first and second modes, the first
mode being a mode in which data writing and driving
TFT characteristic compensation are performed within
a 1 horizontal period by applying a data voltage to the
gate of the driving TFT, and the second mode being a
mode in which data writing is performed within the 1
horizontal period by applying an initial voltage to the
gate of the driving TFT and applying the data voltage
upon completion of the compensation of the driving
TFT characteristics.

2. The electroluminescence display of claim 1, wherein
each pixel comprises a driving TFT that controls the current
in the light-emitting element by a gate-source voltage, a first
switching TFT that applies a first voltage to the gate of the
driving TFT in response to a first scan signal, a second
switching TFT that applies a second voltage to the source of
the driving TFT in response to a second scan signal, and a
third switching TFT that supplies the high-level power
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supply voltage to the drain of the driving TFT in response to
an emission signal, and the electroluminescence display
further comprises:

a gate drive circuit that generates the first and second scan

signals and the emission signal; and

a data drive circuit that generates the initial voltage and a

data voltage.
3. The electroluminescence display of claim 2, wherein, in
the first mode, the data voltage is applied to the gate of the
driving TFT within the 1 horizontal period while the first
switching TFT, the second switching TFT and the third
switching TFT are turned on, and then electrical character-
istics of the driving TFT are compensated for while only the
second switching TFT is turned off.
4. The electroluminescence display of claim 2, wherein, in
the second mode, the initial voltage is applied to the gate of
the driving TFT in an initial period of the 1 horizontal period
while the first switching TFT and the third switching TFT
are turned on and the second switching is turned off, and the
data voltage is applied to the gate of the driving TFT in a
remaining period of the 1 horizontal period while the second
switching TFT and the third switching TFT are turned off
and the first switching TFT is turned on.
5. The electroluminescence display of claim 2, wherein, in
the second mode, the light-emitting element remains in an
off state while the data voltage is applied to the gate of the
driving TFT.
6. The electroluminescence display of claim 2, wherein,
during a compensation period for compensating for the
characteristics of the driving TFT, the driving TFT is diode-
connected by short-circuiting the gate node and the drain
node, and a potential of the gate node is fixed and a potential
of the source node differs from the potential of the gate node
depending on the characteristics of the driving TFT.
7. The electroluminescence display of claim 2, wherein, in
the first mode, the data drive circuit applies the data voltage
to the gate node of the driving TFT through the first
switching TFT within the 1 horizontal period.
8. The electroluminescence display of claim 2, wherein, in
the second mode, the data drive circuit supplies the initial
voltage to the data lines in an initial period of the 1
horizontal period and supplies the data voltage to the data
lines in the remaining period of the 1 horizontal period.
9. A method for driving an electroluminescence display
including a display panel where a plurality of pixels con-
nected to a plurality of data lines and a plurality of gate lines
are arranged, each pixel including a driving thin film tran-
sistor (TFT) that controls a current in a light-emitting
element EL in response to a data voltage applied to a gate of
the driving TFT; and more than one switching TFTs that
supply a high-level power supply voltage to the driving TFT
in response to a gate-on voltage of an emission signal and
control signals applied to the source and drain of the driving
TFT, the method comprising:
operating the electroluminescence display in a first mode
to perform data writing and driving TFT characteristic
compensation within a 1 horizontal period by applying
the data voltage to the gate of the driving TFT; and

operating the electroluminescence display in a second
mode to perform the data writing within the 1 horizon-
tal period by applying an initial voltage to the gate of
the driving TFT and applying the data voltage upon
completion of the compensation of the driving TFT
characteristics,
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wherein the electroluminescence display is driven with
switching between the first mode and the second mode.

10. The method of claim 9, wherein each pixel comprises
a driving TFT that controls the current in the light-emitting
element by a gate-source voltage, a first switching TFT that
applies a first voltage to the gate of the driving TFT in
response to a first scan signal, a second switching TFT that
applies a second voltage to the source of the driving TFT in
response to a second scan signal, and a third switching TFT
that supplies the high-level power supply voltage to the
drain of the driving TFT in response to an emission signal,
and the electroluminescence display further comprises:

a gate drive circuit that generates the scan signals and the

emission signal; and

a data drive circuit that generates the initial voltage and a
data voltage.

11. The method of claim 10, wherein, in the first mode, the
data voltage is applied to the gate of the driving TFT within
the 1 horizontal period while the first switching TFT, the
second switching TFT and the third switching TFT are
turned on, and then electrical characteristics of the driving
TFT are compensated for while only the second switching
TFT is turned off.

12. The method of claim 10, wherein, in the second mode,
the initial voltage is applied to the gate of the driving TFT
in an initial period of the 1 horizontal period while the first
switching TFT and the third switching TFT are turned on
and the second switching is turned off, and the data voltage
is applied to the gate of the driving TFT in a remaining
period of the 1 horizontal period while the second switching
TFT and the third switching TFT are turned off and the first
switching TFT is turned on.

13. The method of claim 10, wherein, in the second mode,
the light-emitting element remains in an off state while the
data voltage is applied to the gate of the driving TFT.

14. The method of claim 10, wherein, during a compen-
sation period for compensating for characteristics of the
driving TFT, the driving TFT is diode-connected by short-
circuiting of the gate node and the drain node, and a potential
of the gate node is fixed and a potential of the source node
differs depending on the characteristics of the driving TFT.

15. An electroluminescence display comprising a display
panel where a plurality of pixels connected to a plurality of
data lines and a plurality of gate lines are arranged, each
pixel comprising:

a gate drive circuit that generates first and second scan

signals and an emission signal;

a data drive circuit that generates an initial voltage and a
data voltage;

a driving thin film transistor (TFT) having a gate, a source
and drain and controls a current in a light-emitting
element EL in response to a data voltage applied to the
gate of the driving TFT; and

first, second and third switching TFTs that supply a
high-level power supply voltage to the driving TFT in
response to a gate-on voltage of the emission signal and
control signals applied to source and the drain of the
driving TFT,

wherein the electroluminescence display is driven with
switching between first and second modes to compen-
sate for electrical characteristics of the driving TFT and
prevent bright degradation of the display panel by
performing data writing and driving TFT characteristic
compensation a 1 horizontal period and applying a data
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voltage to the gate of the driving TFT in the first mode,
and performing the data writing within the 1 horizontal
period and applying an initial voltage to the gate of the
driving TFT and applying the data voltage upon
completion of the compensation of the driving TFT
characteristics in the second mode.

16. The electroluminescence display of claim 15, wherein
the driving TFT controls the current in the light-emitting
element by a gate-source voltage, the first switching TFT
applies a first voltage to the gate of the driving TFT in
response to the first scan signal, the second switching TFT
that applies a second voltage to the source of the driving TFT
in response to the second scan signal, and the third switching
TFT that supplies the high-level power supply voltage to the
drain of the driving TFT in response to the emission signal.

17. The electroluminescence display of claim 16, wherein
the data voltage is applied to the gate of the driving TFT
within the 1 horizontal period in the first mode while the first
switching TFT, the second switching TFT and the third
switching TFT are turned on, and then the electrical char-
acteristics of the driving TFT are compensated for while
only the second switching TFT is turned off.

18. The electroluminescence display of claim 16, wherein
the initial voltage is applied to the gate of the driving TFT
in an initial period of the 1 horizontal period in the second
mode while the first switching TFT and the third switching
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TFT are turned on and the second switching is turned off,
and the data voltage is applied to the gate of the driving TFT
in a remaining period of the 1 horizontal period while the
second switching TFT and the third switching TFT are
turned off and the first switching TFT is turned on.

19. The electroluminescence display of claim 16, wherein
the light-emitting element remains in an off state in the
second mode while the data voltage is applied to the gate of
the driving TFT.

20. The electroluminescence display of claim 16, wherein
the driving TFT is diode-connected by short-circuiting the
gate node and the drain node during a compensation period
for compensating for the characteristics of the driving TFT,
and a potential of the gate node is fixed and a potential of the
source node differs from the potential of the gate node
depending on the characteristics of the driving TFT.

21. The electroluminescence display of claim 16, wherein
the data drive circuit applies the data voltage to the gate node
of the driving TFT through the first switching TFT within the
1 horizontal period in the first mode.

22. The electroluminescence display of claim 16, wherein
the data drive circuit supplies the initial voltage to the data
lines in an initial period of the 1 horizontal period and
supplies the data voltage to the data lines in a remaining
period of the 1 horizontal period in the second mode.
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