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7) ABSTRACT

Discussed herein are an OLED display device and a method
of driving the same. The OLED display device includes
according to an embodiment an organic light-emitting diode;
a driving transistor involved in driving the organic light-
emitting diode and including a bottom gate electrode, an
oxide semiconductor layer, a source electrode, a drain elec-
trode and a top gate electrode; a first switching transistor
electrically connected to the bottom gate electrode of the
driving transistor and involved in transmitting a data voltage
to control the driving transistor; a storage capacitor electri-
cally connected to the bottom gate electrode and involved in
charging the data voltage; a second switching transistor
configured to store a threshold voltage in the storage capaci-
tor; a compensating transistor directly connected to the top
gate electrode of the driving transistor to compensate for a
deviation in the threshold voltage of the driving transistor;
and a compensating capacitor disposed between the source
electrode of the driving transistor and a source electrode of
the compensating transistor and storing the threshold voltage
therein.
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1
ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2016-0062959 filed on May 23, 2016, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

Technical Field

The present disclosure relates to an organic light-emitting
diode (OLED) display device and a method of driving the
samie.

Description of the Related Art

Recently, various flat panel display devices capable of
reducing weight and volume to address the limitations of a
cathode ray tube, have been developed. Examples of flat
panel display devices include a liquid-crystal display (LCD)
device, a field emission display (FED) device, a plasma
display panel (PDP) device, and an organic light-emitting
display (OLED) device, etc.

Among the flat panel display devices, the organic light-
emitting display device displays an image using an organic
light-emitting device that generates light as electrons and
holes recombine, and has a fast response speed and is driven
with a low power.

Typically, the OLED display devices are divided into a
passive matrix OLED (PMOLED) device and an active
matrix OLED (AMOLED) device depending on the manner
in which the organic light-emitting diode is driven.

The AMOLED device includes a plurality of gate elec-
trode lines, a plurality of data lines, a plurality of supply
voltage lines, and a plurality of pixels connected to the lines
and arranged in a matrix. Each of the pixels includes an
organic light-emitting diode composed of an anode, a cath-
ode and an organic emitting layer between the anode and the
cathode, and a pixel circuit for independently driving the
organic light-emitting diode. The pixel circuit mainly com-
prises a switching transistor for transmitting a data signal, a
driving transistor for driving the EL element in response to
the data signal, and a capacitor for holding the data voltage.
The switching transistor charges the capacitor with the data
voltage in response to a scan pulse. The driving transistor
controls the amount of current supplied to the OLED accord-
ing to the data voltage charged in the capacitor to adjust the
amount of light emitted from the OLED.

Such an AMOLED device has advantages of low power
consumption but has disadvantages in that there are devia-
tions in characteristics such as the threshold voltage and
mobility of a driving transistor for driving an organic
light-emitting diode. As a result, the magnitude of the
current flowing through the organic light-emitting diode
changes depending on the variations in the threshold volt-
age, resulting in display unevenness. In addition, a voltage
drop occurs in the high-potential voltage (VDD), such that
the amount of current to drive the OLED is changed, thereby
causing a luminance deviation between the pixels.

That is, since the characteristics of the transistors included
in each pixel change depending on fabricating process
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parameters, it becomes difficult to fabricate the transistors of
the AMOLED device so that all the transistors have the same
characteristics.

In general, deviations in characteristics of the driving
transistors at initial driving result in spots or mura on the
screen, while deviations in characteristics of the driving
transistors as they deteriorate with driving of the OLEDs
result in problems that the lifetime of the OLED display
panel is reduced or afterimages are created.

Recently, a compensation circuit including a plurality of
transistors and capacitors has been studied in order to
overcome such problems. Such a compensation circuit is
additionally disposed in each of the pixels. Accordingly, a
large number of transistors and capacitors are disposed in
each of the pixels.

More specifically, as a compensation circuit is added in
each pixel as described above, the transistors and the capaci-
tors of each pixel as well as signal lines for controlling the
transistors are added, such that the aperture ratio of the
AMOLED panel is reduced. In addition, the number of
components of the circuit is increased, and thus there is a
disadvantage that defects are more likely to occur.

Under the circumstances, what is needed is a compensa-
tion circuit having a novel architecture that can overcome
the problems resulting from deviations in the characteristics
of threshold voltages of the transistors in the pixels without
compromising the aperture ratio of an AMOLED panel, and
an AMOLED display device including the same.

SUMMARY

In view of the above, the inventors of the application have
devised a novel architecture for an OLED display device
capable of compensating for deviations in the characteristics
of threshold voltages of driving transistors and reducing
luminance deviations among pixels, to thereby improve
image quality.

An object of the present disclosure to provide a novel
OLED display device in which a driving transistor with a
double gate electrode structure and a top gate electrode of
the driving transistor are involved in adjusting a compen-
sation voltage for compensating deviations in the character-
istics of the threshold voltage of the driving transistor, and
a method of driving the OLED display device.

According to an example of the present disclosure, there
is provided an organic light-emitting diode display device
including an organic light-emitting element; a driving tran-
sistor involved in driving the organic light-emitting element
and comprising a bottom gate electrode BG, an oxide
semiconductor layer, a source electrode, a drain electrode
and a top gate electrode TG; a first switching transistor
electrically connected to the bottom gate electrode of the
driving transistor and involved in transmitting data voltage
V .. t0 control the driving transistor; a storage capacitor Cst
electrically connected to the bottom gate electrode and
involved in charging data voltage; a second switching tran-
sistor configured to store a threshold voltage Vth in the
storage capacitor; a compensating transistor directly con-
nected to the top gate electrode of the driving transistor to
compensate for a deviation in the threshold voltage of the
driving transistor; and a compensating capacitor Ccomp
disposed between the source electrode of the driving tran-
sistor and a source electrode of the compensating transistor
and storing a threshold voltage therein.

According to another example of the present disclosure,
there is provided a pixel driving circuit including a driving
switching element DT having a bottom gate electrode and a
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top gate electrode and electrically connected to a first supply
voltage line VDDL and a second supply voltage line VSSL;
a first switching element ST1 for electrically connecting a
data signal line DL with a first node N1 connected to the
bottom gate electrode of the drive switching element DT in
response to a first scan signal SCANT; a second switching
element ST2 connected to the first node and is a diode-
connected transistor having its gate electrode and drain
electrode commonly connected to a ground potential; a third
switching element ST3 for electrically connecting a ground
terminal with a second node N2 connected to the top gate
electrode of the drive switching element DT in response to
a second scan signal SCAN2; a first capacitor C1 electrically
connected between the first node N1 and the second switch-
ing element ST2; and a second capacitor C2 electrically
connected between the second node N2 and a third node N3
connected to a source electrode of the drive switching
element DT.

According to yet another example of the present disclo-
sure, there is provided an OLED display device comprising
a plurality of pixels, wherein each of the pixels comprises an
organic light-emitting diode and a pixel driving circuit for
driving the organic light-emitting diode, wherein the pixel
driving circuit comprises: a driving switching element DT
having a bottom gate electrode and a top gate electrode and
connected between a first supply voltage line VDDL and a
second supply voltage line VSSL in series with the organic
light-emitting diode; a first switching element ST1 for
connecting a data signal line DL with a first node N1
connected to the bottom gate electrode of the drive switch-
ing element DT in response to a first scan signal; a second
switching element ST2 connected to the first node and being
a diode-connected transistor having its gate electrode and
drain electrode commonly connected to a ground potential,
a third switching element ST3 for connecting a ground
terminal with a second node N2 connected to the top gate
electrode of the drive switching element DT in response to
a second scan signal; a first capacitor C1 electrically con-
nected between the first node N1 and the second switching
element ST2; and a second capacitor C2 disposed between
the second node N2 and a third node N3 connected to a drain
electrode of the drive switching element DT, wherein the
pixel driving circuit is operated in different periods includ-
ing: an initialization period in which the second and third
switching elements ST2 and ST3 are turned on, such that a
negative threshold voltage —Vth is applied to the first node
N1 and the second node N2 is initialized to 0 V; a sampling
period in which the third switching element ST3 and the
driving switching element DT are turned on, such that a
voltage twice the negative threshold voltage is applied to the
third node N3 and a voltage twice the threshold voltage 2
Vth is stored in the second capacitor C2; a programming
period in which the first switching element ST1 is turned on
while the second and third switching elements ST2 and ST3
are turned off, such that data voltage V ,,, is applied to the
first node N1, organic light-emitting diode voltage V ,; -, 18
charged at the third node N3 and a voltage at the second
node N2 is boosted to a voltage equal to the organic
light-emitting diode voltage Vo, zp plus the voltage twice
the threshold voltage 2 Vth; and an emission period in which
the first and second switching elements ST1 and ST2 are
turned off, such that the driving switching element DT
applies a driving current to the organic light-emitting diode
in response to a data signal input from the first switching
element ST1.

According to an embodiment of the present disclosure,
each pixel includes a driving transistor DT with a double-
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gate electrode structure, a compensating transistor con-
nected to the top gate electrode of the driving transistor DT
to compensate for a deviation in the threshold voltage Vth of
the driving transistor DT by itself, and a compensating
capacitor that stores the threshold voltage Vth between the
source electrode of the driving transistor DT and the drain
electrode of the compensating transistor. As a result, the
threshold voltage Vth of the driving transistor DT can be
held constant all the time in the compensating capacitor
disposed between the one gate electrode and the source
electrode of the driving transistor DT.

In addition, one electrode of the compensating capacitor
is connected to the source electrode of the compensating
transistor having the drain electrode connected to the ground
potential, while the other electrode of the compensating
capacitor is connected to the source electrode of the driving
transistor. The compensating transistor becomes floating,
and the source electrode of the driving transistor charges
voltage as the organic light-emitting diode is turned on. As
a result, the voltage at the electrode is bootstrapped to the
voltage equal to the threshold voltage Vth of the driving
transistor DT plus voltage of the organic light-emitting diode
OLED so as to hold the threshold voltage in the compen-
sating capacitor. Accordingly, in each pixel, the top gate
electrode of the driving transistor DT is connected to the
electrode of the compensating capacitor to be involved in
holding the threshold voltage Vth of the driving transistor
DT constant.

In this manner, it is possible to overcome or address the
limitations and problems resulting from deviations in the
characteristics of the threshold voltage Vth of the driving
transistor DT in each pixel without compromising the aper-
ture ratio of the AMOLED panel. According to the embodi-
ments of the present disclosure, the threshold voltage Vth of
the driving transistor DT can be efficiently compensated for,
such that failure due to long driving can be prevented to
thereby improve reliability, and luminance uniformity can
be increased to thereby improve the lifespan.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken in con-
Junction with the accompanying drawings, in which:

FIG. 1 is a block diagram of an organic light-emitting
diode display device according to an embodiment of the
present disclosure;

FIG. 2 is an example of a circuit diagram of the pixel
shown in FIG. 1;

FIG. 3 is a waveform diagram illustrating an example of
an operation of the pixel shown in FIG. 1 when it is driven;

FIG. 4A to 4D are circuit diagrams showing signal flows
in the periods of the waveform diagram shown in FIG. 3,
respectively, according to the embodiment of the present
disclosure;

FIGS. 5A and 5B are graphs showing relationships
between a voltage applied to the top gate electrode of the
driving transistor shown in FIG. 2 and the threshold voltage;
and

FIG. 6 is a cross-sectional view of the driving transistor
according to the embodiment shown in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Advantages and features of the present disclosure and
methods to achieve them will become apparent from the
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descriptions of exemplary embodiments hereinbelow with
reference to the accompanying drawings. However, the
present disclosure is not limited to exemplary embodiments
disclosed herein but may be implemented in various differ-
ent ways. The exemplary embodiments are provided for
making the disclosure of the present disclosure thorough and
for fully conveying the scope of the present disclosure to
those skilled in the art. It is to be noted that the scope of the
present disclosure is defined only by the claims.

The figures, dimensions, ratios, angles, the numbers of
elements given in the drawings are merely illustrative and
are not limiting.

Further, in describing the present disclosure, descriptions
on well-known technologies may be omitted in order not to
unnecessarily obscure the gist of the present disclosure. It is
to be noticed that the terms “comprising,” “having,” “includ-
ing” and so on, used in the description and claims, should
not be interpreted as being restricted to the means listed
thereafter unless specifically stated otherwise. Where an
indefinite or definite article is used when referring to a
singular noun, e.g. “a,” “an,” and “the,” this includes a plural
of that noun unless specifically stated otherwise.

For elements having specific values, they are interpreted
as including error margins even without explicit statements.
In describing positional relationship, such as “an element A
on an element B,” “an element A above an element B,” “an
element A below an element B” and “an element A next to
an element B,” another element C may be disposed between
the elements A and B unless the term “directly” or “imme-
diately” is explicitly used.

As used herein, a phrase “an element A on an element B”
refers to that the element A may be disposed directly on the
element B and/or the element A may be disposed indirectly
on the element B via another element C.

The terms first, second and the like in the descriptions and
in the claims are used for distinguishing between similar
elements and not necessarily for describing a sequential or
chronological order. These terms are used to merely distin-
guish one element from another. Accordingly, as used
herein, a first element may be a second element within the
technical idea of the present disclosure.

Like reference numerals denote like elements throughout
the descriptions.

The drawings are not to scale and the relative dimensions
of various elements in the drawings are depicted schemati-
cally and not necessarily to scale.

Features of various exemplary embodiments of the pres-
ent disclosure may be combined partially or totally. As will
be clearly appreciated by those skilled in the art, technically
various interactions and operations are possible. Various
exemplary embodiments can be practiced individually or in
combination.

The exemplary embodiments of the present disclosure
may be practiced with either p-type transistors or n-type
transistors. In the following description, however, descrip-
tions will be made with n-type transistors for convenience of
illustration. In describing scan signals SCAN1 and SCAN2
in the form of pulses inputted to the gate electrode, the gate
electrode high voltage VGH state is defined as “high state”
while the gate electrode low voltage VGL state is defined as
“low state.”

Thus, the high voltage VGH is the gate electrode ON
voltage that turns on the transistor, while the gate electrode
low voltage VGL is the gate electrode OFF voltage that turns
off the transistor.

Hereinafter, an organic light-emitting display device and
a method of driving the same according to exemplary
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embodiments of the present disclosure will be described in
detail with reference to the accompanying drawings.

FIG. 1 is a block diagram of an organic light-emitting
diode display device according to an exemplary embodiment
of the present disclosure. All components of the organic
light-emitting diode display device according to all embodi-
ments of the present disclosure are operatively coupled and
configured.

An organic light-emitting diode display device 10 shown
in FIG. 1 includes a display panel 2 in which a plurality of
gate electrode lines GL and a plurality of data lines DL
intersect each other to define a plurality of individual pixels
1, a gate driver 4 for driving the plurality of gate electrode
lines GL, a data driver 3 for driving the plurality of data lines
DL, a timing controller 5 for rearranging image data RGB
input from an external source to supply it to the data driver
3, and for outputting a gate electrode control signal GCS and
a data control signal DCS to control the gate driver 4 and the
data driver 3.

According to the exemplary embodiment of the present
disclosure, each pixel 1 includes an organic light-emitting
diode OLED, and a pixel driving circuit that includes a
driving transistor for supplying a driving current to the
organic light-emitting diode OLED so as to individually
drive the organic light-emitting diode OLED. In addition,
the pixel driving circuit may compensate for deviations in
the electric characteristic of the driving transistor such as the
threshold voltage Vth and the mobility, and reduce the
luminance deviation among the pixels 1 due to the difference
in current supplied to the organic light-emitting diode
OLED. The pixels 1 will be described later in detail with
reference to FIGS. 2 to 6.

The display panel 2 has a plurality of gate electrode lines
GL and a plurality of data lines DL intersecting each other.
The pixels 1 are disposed at the intersections of the gate
electrode lines GL and the data lines DL, respectively. Each
of the pixels 1 includes an organic light-emitting diode
OLED and a pixel driving circuit. Each of the pixels 1 is
connected to a gate electrode line GL, a data line DL, a first
supply voltage VDD line VDDL and a second supply
voltage VSS line VSSL.

The gate driver 4 supplies gate electrode signals to the
gate electrode lines GL in response to gate electrode control
signals GCS issued from the timing controller 5. The gate
electrode signals include first and second scan signals
SCAN1 and SCAN2, and these signals are supplied to each
of the pixels 1 via the gate electrode lines GL.. The first
voltage VDD is a higher potential and has a higher voltage
level than the second voltage VSS which is a lower potential.
The second voltage VSS may be ground potential.

The data driver 3 converts digital image data RGB input
from the timing controller 5 into data voltage V ,,,, using a
gamma reference voltage in response to the data control
signals DCS issued from the timing controller 5. Then, the
data driver supplies the converted data voltage V ,,, to the
plurality of data lines DL. In addition, the data driver 3
outputs the data voltage V. in a programming period t3
(see FIG. 3) of each pixel 1.

The timing controller 5 rearranges the image data RGB
input from an external source taking into account the size
and the resolution of the display panel 2 to supply it to the
data driver 3. The timing controller 5 receives synchroniza-
tion signals SYNC input from an external source, for
example, a dot clock DCLK, a data enable signal DE, a
horizontal synchronization signal Hsync and a vertical syn-
chronization signal Vsync, and creates gate electrode control
signals and data control signals GCS and DCS by using
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them. In addition, the timing controller 5 supplies the
generated the gate electrode control signals GCS and the
data control signals DCS to the gate driver 4 and the data
driver 3, respectively, to thereby control the gate driver 4 and
the data driver 3.

Hereinafter, a pixel according to an exemplary embodi-
ment of the present disclosure will be described in detail.
FIG. 2 illustrates one example of a circuit diagram of the
pixel 1 shown in FIG. 1.

Referring to FIG. 2, the pixel driving circuit includes an
organic light-emitting diode, four transistors and two capaci-
tors so as to drive the organic light-emitting diode. Specifi-
cally, the pixel driving circuit includes a driving transistor
DT, first to third switching transistors ST1 to ST3, and first
and second capacitors C1 and C2.

The first switching transistor ST1 includes a first gate
electrode, a first oxide semiconductor layer, a first source
electrode, and a first drain electrode. The first source elec-
trode of the first switching transistor ST1 is connected to a
second source electrode of the second switching transistor
ST2 and to a first node N1 connected to a bottom gate
electrode BG of the driving transistor DT.

The first switching transistor ST1 is turned on or off
according to the first scan signal SCAN1 and connects the
data line DL to the first node N1 when it is turned on. That
is, the data voltage V ,,, provided from the data line DL is
supplied to the first node N1.

The second switching transistor ST2 includes a second
gate electrode, a second oxide semiconductor layer, a second
source electrode and a second drain electrode. The source
electrode of the second switching transistor ST2 is directly
connected to the first node N1 connected to the bottom gate
electrode BG of the driving transistor DT. In addition, the
second switching transistor ST2 is a diode-connected tran-
sistor having the second gate electrode and the second drain
electrode connected to ground potential. As a result, a
negative threshold voltage (-Vth) is applied to the first node
N1.

The third switching transistor ST3 includes a third gate
electrode, a third oxide semiconductor layer, a third source
electrode and a third drain electrode. The third drain elec-
trode of the third switching transistor ST3 is connected to the
ground potential. The third source electrode is directly
connected to a second node N2 connected to a top gate
electrode TG of the driving transistor DT.

The third switching transistor ST3 is turned on or off
according to the second scan signal SCAN2. When the third
switching transistor ST2 is turned on, the second node N2
may be connected to the ground potential, such that the
voltage of the second node N2 may be 0V. When the third
switching transistor ST3 is turned off; the second node N2
is floating, i.e., it does not have a fixed voltage level.

The third switching transistor ST3 may be electrically
connected to the top gate electrode TG of the driving
transistor DT to serve as a compensating transistor for
compensating for a deviation in the threshold voltage Vth of
the driving transistor DT.

The driving transistor DT is connected between the first
supply voltage line VDDL and the second supply voltage
line VSSL in series with the organic light-emitting diode,
and supplies a driving current to the organic light-emitting
diode. The first supply voltage line VDDL supplies a high-
level voltage, e.g., VDD=10V or a low-level voltage, e.g.,
VDD=-10V to the drain electrode of the driving transistor
DT as the first voltage VDD. The second supply voltage line
VSSL supplies a high-level voltage, e.g., VSS=10V or a

10

15

20

25

40

45

60

65

8

low-level voltage, e.g., VSS=-10V to the organic light-
emitting diode OLED as the second voltage VSS.

The driving transistor DT includes the bottom gate elec-
trode BG, an oxide semiconductor layer, a source electrode,
a drain electrode, and the top gate electrode TG. Specifically,
the driving transistor DT has a double-gate electrode struc-
ture in which the bottom gate electrode, the oxide semicon-
ductor layer, the source electrode, the drain electrode and the
top gate electrode are sequentially disposed. The bottom
gate electrode BG is connected to the first node N1 to which
the data voltage V ,,, is supplied while the top gate electrode
TG is connected to the second node N2.

The first capacitor C1 may be connected to the first node
N1 and may hold the data voltage V ., for one frame so that
the driving transistor DT is turned on to allow a constant
current to flow in the organic light-emitting diode. By doing
so, the first capacitor C1 may be a storage capacitor (Cst)
which keeps the grayscale displayed by the organic light-
emitting diode constant.

One electrode of the first capacitor C1 may be connected
to the first node N1 while the other electrode thereof may be
connected to the ground potential in common with the
second switching transistor ST2. Accordingly, a voltage of
Vth is applied at the first node N1, and the first capacitor C1
may store the threshold voltage of Vth.

The second capacitor C2 is connected between the second
node N2 and a third node N3 and is disposed between the
source electrode of the driving transistor DT and the source
electrode of the third switching transistor ST3. The second
capacitor C2 may store a voltage twice the threshold voltage
(2 Vth).

More specifically, a high-level supply voltage, e.g.,
VDD=10V is applied from the first supply voltage line
VDDL to the drain electrode of the driving transistor DT as
the first voltage VDD, and a high-level supply voltage, e.g.,
VSS=10 V is applied from the second supply voltage line
VSSL to the organic light-emitting diode as the second
voltage VSS. As a result, the organic light-emitting diode is
turned off, and a negative voltage twice the threshold voltage
(-2 Vth) is applied to the third node N3 until the driving
transistor DT is turned off.

As the second capacitor C2 is connected between the
second node N2 and the third node N3, the voltage of 0V is
applied at the second node N2 and the voltage of -2 Vith is
applied at the third node N3, such that the second capacitor
C2 may store the voltage of 2 Vth. The second capacitor C2
may be a sensing capacitor used to sense the threshold
voltage Vith of the driving transistor DT stored therein.

Accordingly, the threshold voltage Vth of the driving
transistor DT can be controlled according to the voltage at
the top gate electrode TG connected to the second node N2.
By doing so, the threshold voltage Vth of the driving
transistor DT of each pixel can be adjusted.

According to an exemplary embodiment of the present
disclosure, the pixel driving circuit can sense the threshold
voltage Vth of the driving transistor DT stored in the second
capacitor C2, and the magnitude of the sensed threshold
voltage Vth having a deviation can be compensated by
adjusting the voltage at the top gate electrode TG.

The organic light-emitting diode display device includes
the driving transistor DT that is involved in driving the
organic light-emitting diode and has a double-gate electrode
structure in which the bottom gate electrode, the oxide
semiconductor layer, the source electrode, the drain elec-
trode, and the top gate electrode are sequentially disposed.

In addition, the organic light-emitting diode display
device includes the first capacitor C1 that is electrically
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connected to the bottom gate electrode and is a storage
capacitor involved in charging the data voltage, and the
second switching transistor ST2 that is a diode-connected
transistor having the second gate electrode and the second
drain electrode connected to the ground potential to thereby
store the threshold voltage Vth in the storage capacitor C1.

The organic light-emitting diode display device includes
the compensating transistor ST3 that is directly connected to
the top gate electrode of the driving transistor DT and
compensates for variations in the threshold voltage Vth of
the driving transistor DT. In addition, the organic light-
emitting diode display device includes the second capacitor
C2 that is a compensating capacitor disposed between the
source electrode of the driving transistor DT and the drain
electrode of the compensating transistor ST3 to store the
voltage of 2 Vth therein.

The drain electrode of the driving transistor DT is elec-
trically connected to the first supply voltage line VDDL and
the source electrode thereof is connected to the third node
N3.

According to another exemplary embodiment of the pres-
ent disclosure, an organic light-emitting diode display
device comprises: a driving switching element DT having a
bottom gate electrode and a top gate electrode and electri-
cally connected to a first supply voltage line VDDL and a
second supply voltage line VSSL; a first switching element
ST1 for electrically connecting a data signal line DL with a
first node N1 connected to the bottom gate electrode of the
drive switching element DT in response to a first scan signal
SCANT1; a second switching element ST2 connected to the
first node and is a diode-connected transistor having its gate
electrode and drain electrode commonly connected to a
ground potential; a third switching element ST3 for electri-
cally connecting a ground terminal with a second node N2
connected to the top gate electrode of the drive switching
element DT in response to a second scan signal SCAN2; a
first capacitor C1 electrically connected between the first
node N1 and the second switching element ST2; and a
second capacitor C2 electrically connected between the
second node N2 and a third node N3 connected to a source
electrode of the drive switching element DT.

The voltage between the second node N2 and the third
node N3 may be held at the voltage of 2 Vth.

The organic light-emitting diode display device includes
the driving transistor DT having a double-gate electrode
structure, a compensating transistor connected to one gate
electrode of the driving transistor DT to compensate for a
deviation in the threshold voltage Vth of the driving tran-
sistor DT by itself, and a compensating transistor that stores
the voltage of Vth between the source electrode of the
driving transistor DT and the source electrode of the com-
pensating transistor. As a result, the threshold voltage Vth of
the driving transistor DT can be held constant all the time in
the compensating capacitor disposed between the one gate
electrode and the source electrode of the driving transistor
DT.

In addition, one electrode of the compensating capacitor
is connected to the source electrode of the compensating
transistor having the drain electrode connected to the ground
potential, while the other electrode of the compensating
capacitor is connected to the source electrode of the driving
transistor. The compensating transistor becomes floating,
and the source electrode of the driving transistor charges
voltage as the organic light-emitting diode is turned on. As
a result, the voltage at the electrode is bootstrapped to the
voltage equal to the threshold voltage Vth of the driving
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transistor DT plus voltage of the organic light-emitting diode
OLED so as to hold the voltage of 2 Vth in the compensating
capacitor.

Accordingly, the threshold voltage Vth of the driving
transistor DT can be controlled according to the voltage at
the top gate electrode TG connected to the second node N2.
By doing so, the threshold voltage Vth of the driving
transistor DT of each pixel can be adjusted.

FIG. 3 is a waveform diagram illustrating an example of
an operation of the pixel shown in FIG. 1 when it is driven.

Referring to FIG. 3, the pixel is operated in separate
periods depending on pulse timing of gate electrode signals
supplied, including an initialization period t1, a sampling
period 12, a programming period t3, and an emission period
4.

In the initialization period t1, the first scan signal SCAN1
starts with a high level, e.g., 13V and is changed to a low
level, e.g., -5 V'to be output. The second scan signal SCAN2
is output at a high level, e.g., 13 V.

In the initialization period t1, the first voltage VDD is
output at a low level, e.g., -10 V. The second voltage VSS
is output at a high level, e.g., 10 V, and a voltage at a low
level, e.g., =20 V is applied to an organic light-emitting
diode OLED. In that initialization period t1 of each pixel P,
the data driver 6 does not supply the data voltage V ,,, to the
data lines DL. That is, data voltage V., is 0 V during this
period.

In the sampling period t2, the first scan signal SCAN1 is
held at a low level, e.g., =5 V, and the second scan signal
SCAN2 is still held at the high level, e.g., 13 V.

Also, the first voltage VDD is changed from the low level,
e.g., —10 V in the initialization period t1 to a high level, e.g,,
10V to be output. The second voltage VSS is held at the high
level, e.g., 10 V. The data voltage V., is not yet supplied
from the data driver 6 through the data lines DL.

In the programming period t3, the first scan signal SCAN1
starts with a high level, e.g., 13 V and changes to a low level
after a predetermined period. The second scan signal
SCAN2 is changed from the high level, e.g., 13 V in the
sampling period t2 to a low level, e.g., -5V to be output. The
second voltage VSS is changed from the high level, e.g,,
10V in the sampling period t2 to a low level, e.g., -10V to
be output. During this period, the data driver 6 supplies the
data voltage V ,,,, to the first node N1 through the data lines
DL.

In the emission period t4, the organic light-emitting diode
OLED output a voltage at a high level (V,; o1, and the first
and second scan signals SCAN1 and SCAN2 are output at
a low level e.g., -5V.

FIG. 4A to 4D are circuit diagrams showing signal flows
in the periods of the waveform diagram shown in FIG. 3,
respectively, according to the exemplary embodiment of the
present disclosure. Hereinafter, a pixel driving circuit of an
organic light-emitting diode display device according to an
exemplary embodiment of the present disclosure will be
described in detail with reference to FIGS. 3 to 4D.

Referring to FIGS. 3 and 4A. in the initialization period
t1, the first scan signal SCAN1 starts with a high level, e.g,,
13 V and is changed to a low level, e.g., -5 V to be output.
The second scan signal SCAN2 is output at a high level, e.g,,
13V

Referring to FIG. 4A, the first switching transistor ST1
may supply the data voltage V., supplied from the plurality
of data lines DL to the first node N1, and the second
switching transistor ST2 having its gate electrode and drain
electrode commonly connected to the ground potential
applies the threshold voltage of =Vth to the first node N1. In
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the initialization period t1, however, the data voltage V,,,,
is not input, such that OV is applied at the first node N1. Also,
the second node N2 is discharged so that the voltage of 0V
is applied at it by the ground potential electrically connected
to the third switching transistor ST3.

In addition, referring to FIG. 4A, the first capacitor C1
uses the first node N1 as one electrode and the gate electrode
and the drain electrode of the second switching transistor
ST2 connected to the ground potential as the other electrode.
The second capacitor C2 uses the second node N2 as one
electrode and the third node N3 connected to the source
electrode of the driving transistor DT as the other electrode.

As a result, the first capacitor C1 is initialized to the
threshold voltage (Vth) in the initialization period t1, and
one electrode of the second capacitor C2 connected to the
second node N2 is discharged to 0 V by the ground potential
electrically connected to the third switching transistor ST3
to be initialized.

The first supply voltage VDD connected to the driving
transistor DT is changed from a high level, e.g., 10 Vto a
low level, e.g., 10 V when the initialization period t1 starts.
Then, the voltage of the low level, e.g., -10 V is applied to
the third node N3 connected to the driving transistor DT. The
second supply voltage VSS connected to the organic light-
emitting diode is changed from a low level, e.g., -10 Vto a
high level, e.g., 10V. As a result, during the initialization
period t1, no current flows in the organic light-emitting
diode and thus it is turned off to emit no light.

Subsequently, referring to FIGS. 3 and 4B, in the sam-
pling period t2, the first scan signal SCAN1 remains at the
low level, e.g., =5 V. The first switching transistor ST1 and
the second switching transistor ST2 are being turned off.
Also, the second scan signal SCAN2 is held at t high level,
e.g., 13 V. The third switching transistor ST3 is being turned
on. As a result, the first node N1 is held at the voltage of
-Vth, and the second node N2 remains at 0V.

Further, the high-potential supply voltage VDD connected
to the driving transistor DT is changed from the low level,
e.g., -10 V to a high level, e.g., 10 V. Since the gate
electrode-source voltage Vgs of the driving transistor DT is
larger than the threshold voltage Vth, the driving transistor
DT is turned on. Then, during the sampling period t2, the
third node N3 is charged from a low level, e.g., =10 V to the
voltage of -2 Vth. Subsequently, when the voltage at the
third node N3 reaches -2 Vth, the driving transistor DT is
turned off. The second node N2 is held at the voltage of 0 V,
and the voltage of -2 Vth is applied at the third node N3, so
that the voltage of 2 Vth is stored in the second capacitor C2.
Further, the organic light-emitting diode is still turned off.

Subsequently, referring to FIGS. 3 and 4C, in the pro-
gramming period t3, the first switching transistor ST1
remains turned on. Then, the data voltage V., supplied
from the data driver 6 through the plurality of data lines DL
is supplied to the first node N1 through the first switching
transistor ST1, and the data voltage V ,,,, supplied to the first
node N1 turns on the driving transistor DT. The second
switching transistor ST2 is turned off.

The second supply voltage VSS connected to the organic
light-emitting diode is changed from the high level, e.g.. 10
V to a low level, e.g., -10V. As a result, the organic
light-emitting diode is turned on, and a current path is
disposed between the driving transistor DT and the organic
light-emitting diode. In addition, the voltage at the third
node N3 is changed from the voltage of -2 Vith to the voltage
of the organic light-emitting diode V o; zp-

Referring to FIG. 4C, in the programming period t3, the
third switching transistor ST3 is turned off. When the third
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switching transistor ST3 is turned off, 0 V is applied at the
second node N2, such that the second node N2 is floating,
i.e., it does not have a fixed voltage level.

Since one electrode of the second capacitor C2 is con-
nected to the second node N2, in order for the second
capacitor C2 to hold the voltage of 2 Vth stored in the
floating state, the second node N2 connected to the electrode
of the second capacitor C2 is boosted from the voltage of 0
V to the voltage of 2 Vth plus the voltage of the organic
light-emitting diode OLED (V 5, zp).

Accordingly, the threshold voltage Vth of the driving
transistor DT can be controlled according to the voltage at
the top gate electrode TG connected to the second node N2.
By doing so, the threshold voltage Vth of the driving
transistor DT of each pixel can be adjusted.

According to an exemplary embodiment of the present
disclosure, the pixel driving circuit can sense the threshold
voltage Vth of the driving transistor DT stored in the second
capacitor C2, and the magnitude of the sensed threshold
voltage Vth having a deviation can be compensated by
adjusting the voltage at the top gate electrode TG.

For example, in the floating state, the second capacitor C2
should maintain the threshold voltage Vth at the voltage of
2 Vth, and thus the threshold voltage Vith plus the voltage of
the organic light-emitting diode V5, zp (2 Vth+V 5, p) 15
applied at the second node N2, while the voltage V; zp 1s
applied at the third node N3. Accordingly, if the voltage
twice the threshold voltage Vth of the driving transistor DT
(2 Vth) is applied to the top gate electrode TG, the voltage
equal to the threshold voltage Vth of the driving transistor
DT is lowered in order to hold the voltage of 2 Vth at the
second capacitor C2. In other words, the top gate electrode
TG of the pixel driving circuit can adjust the threshold
voltage Vth of the driving transistor DT more precisely. The
relationship between a change in the voltage at the top gate
electrode TG and the threshold voltage Vth of the driving
transistor DT can be expressed by Equation 1 below:

AV r/AVro=—0.5 [Equaticn 1]

According to an exemplary embodiment of the present
disclosure, the pixel can adjust the threshold voltages Vth of
the driving transistors DT over the entire screen to be
uniform. Further, during the sampling period t2, the third
node N3 connected to the source electrode of the driving
transistor DT 1is quickly charged to the voltage of -2 Vth.
Then, during the programming period t3, the second node
N2 uses the capacitor boosting, and thus the threshold
voltage Vith of the driving transistor DT can be compensated
for faster.

Subsequently, in the emission period t4, the first switching
transistor ST1 is turned off. Then, the high potential voltage
VDD is applied to the drain of the driving transistor DT, and
the driving transistor DT supplies the driving current to the
organic light-emitting diode. In this manner, the pixels P can
compensate for deviations in the characteristics of the driv-
ing transistor DT, thereby reducing the luminance deviations
among the pixels P.

Incidentally, the organic light-emitting diode display
device according to the exemplary embodiment of the
present disclosure employs a source follower topology in
which a load is connected to the source electrode of the
driving transistor DT instead of supplying a fixed voltage.
Accordingly, even when the threshold voltage Vth of the
driving transistor DT is negative, the organic light-emitting
diode display device can sense the threshold voltage Vth,
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and thus deviations in the threshold voltage Vth can be
compensated for regardless of the polarities of the threshold
voltage Vth.

For an organic light-emitting diode display device in
which a gate electrode and a drain electrode of a driving
transistor in a pixel are connected, it is not possible to sense
the threshold voltage Vth of the driving transistor DT if the
threshold voltage Vth is negative. In contrast, in the organic
light-emitting diode display device according to the exem-
plary embodiment of the present disclosure employing the
source-follower topology, it is possible to sense a negative
threshold voltage Vth.

In other words, in the organic light emitting diode display
device according to an exemplary embodiment of the pres-
ent disclosure, a change in the current flowing through the
organic light-emitting diode due to deviations in a positive
or negative threshold voltage (Vth) can be compensated for,
such that the current according to the data voltage V.. can
be held constant regardless of the polarity as well as the
threshold voltage Vth.

FIGS. 5A and 5B are graphs showing relationships
between a voltage applied to the top gate electrode of the
driving transistor shown in FIG. 2 and the threshold voltage.
FIG. 5A shows electrical characteristics of a driving tran-
sistor according to an exemplary embodiment of the present
disclosure. FIG. 5B is a graph showing a relationship
between the voltage applied to the top gate electrode and the
threshold voltage in the driving transistor.

Referring to FIGS. 5A and 5B, the electrical characteris-
tics of the driving transistor DT change as the voltage
applied to the top gate electrode TG of the driving transistor
DT increases. When the voltages of =18 V, =12V, -6 VO V,
6V, 12 Vand 18 V are applied to the top gate electrode TG,
respectively, negative shifts occur in the threshold voltage
Vth as opposed to the magnitude of the voltage applied to
the top gate electrode TG. As a result, the threshold voltage
Vth of the driving transistor DT can be directly compen-
sated.

FIG. 6 is a cross-sectional view of the driving transistor
according to the exemplary embodiment shown in FIG. 2.

As shown in FIG. 6, the driving transistor DT according
to the exemplary embodiment of the present disclosure
includes a substrate 110, a bottom gate electrode 120, a gate
insulating layer 130, an active layer 140, source and drain
electrodes 150 A and 150B, a passivation layer 160 and a top
gate electrode 170.

Referring to FIG. 6, the driving transistor DT is a coplanar
type transistor in which the source and drain electrodes
150A and 150B are located on the active layer 140 with the
top gate electrode 120 disposed under the active layer 140.
Specifically, the bottom gate electrode 120 is disposed on the
substrate 110, and the gate insulating layer 130 is disposed
between the bottom gate electrode 120 and the active layer
140. The source and drain electrodes 150A and 150B, the
passivation layer 160 and the top gate electrode 170 are
sequentially disposed above the active layer 140.

The gate insulating layer 130 may be made of silicon
nitride (SiNx) or silicon oxide (SiOx). The thickness of the
gate insulating layer 130 may be associated with the device
characteristics of the driving transistor DT, especially the
threshold voltage Vth control of the device. In particular, it
can be said that the thickness of the gate insulating layer 130
is inversely proportional to the degree of change in the
threshold voltage Vth of the driving transistor DT.

According to an exemplary embodiment of the present
disclosure, the compensating capacitor C2 stores the voltage
of 2 Vth to control the threshold voltage Vth of the driving
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transistor DT with the top gate electrode 170 of the driving
transistor DT. For example, since the threshold voltage Vth
of the driving transistor DT is adjusted by the voltage
applied to the top gate electrode 170 of the driving transistor
DT, the thickness of the gate insulating layer 130 may vary
depending on the compensation value for compensating the
threshold voltage Vth of the driving transistor DT to be
adjusted.

Therefore, by sufficiently increasing the thickness of the
gate insulating layer 130 of the driving transistor DT, it is
possible to fabricate a stable driving transistor.

As described above, according to the exemplary embodi-
ment(s) of the present disclosure, the threshold voltage Vth
of the driving transistor DT can be efficiently compensated
for, such that failure due to long driving can be prevented or
minimized and luminance deviations among the pixels can
be reduced, thereby improving the image quality.

According to an example of the present disclosure, an
organic light-emitting diode display device comprises an
organic light-emitting element; a driving transistor involved
in driving the organic light-emitting element and comprising
a bottom gate electrode BG, an oxide semiconductor layer,
a source electrode, a drain electrode and a top gate electrode
TG; a first switching transistor electrically connected to the
bottom gate electrode of the driving transistor and involved
in transmitting data voltage V. to control the driving
transistor; a storage capacitor Cst electrically connected to
the bottom gate electrode and involved in charging data
voltage; a second switching transistor configured to store a
threshold voltage Vth in the storage capacitor; a compen-
sating transistor directly connected to the top gate electrode
of the driving transistor to compensate for a deviation in the
threshold voltage of the driving transistor; and a compen-
sating capacitor Ccomp disposed between the source elec-
trode of the driving transistor and a source electrode of the
compensating transistor and storing a threshold voltage
therein.

The thickness of the gate insulating layer may be con-
trolled by a compensation value for compensating for the
threshold voltage of the driving transistor.

The first switching transistor includes a first gate elec-
trode, a first oxide semiconductor layer, a first source
electrode, and a first drain electrode. The first source elec-
trode may be directly connected to a first node N1 connected
to the bottom gate electrode of the driving transistor.

The second switching transistor includes a second gate
electrode, a second oxide semiconductor layer, a second
source electrode, and a second drain electrode. The second
gate electrode and the second drain electrode both may be
connected to the ground potential, one electrode of the
storage capacitor Cst may be connected to the ground
potential.

The other electrode of the storage capacitor Cst may be
connected to a first node N1 and the source electrode of the
first switching transistor.

The compensating transistor may include a third gate
electrode, a third oxide semiconductor layer, a third source
electrode and a third drain electrode, and the third source
electrode may be directly connected to a second node N2
connected to the top gate electrode of the driving transistor.

The drain electrode of the driving transistor may be
electrically connected to the first supply voltage line VDDL,
while the source electrode of the driving transistor may be
connected to the third node N3.

When the second switching transistor and the compen-
sating transistor are turned on, a negative threshold voltage
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-Vth of the second switching transistor may be applied to
the first node N1, and the voltage of 0 V may be applied to
the second node N2.

When the second switching transistor is turned off' while
the compensating transistor is turned on, the voltage twice
the negative threshold voltage may be applied to the third
node N3.

When the first switching transistor is turned on while the
compensating transistor is turned off, the organic light-
emitting diode is turned on and the voltage V ;- applied to
the organic light-emitting diode may be applied to the third
node N3.

When the compensating transistor is turned off, the sec-
ond node N2 may be floating.

In order to hold the voltage twice the threshold voltage (2
Vth) stored in the compensating capacitor, the voltage at the
second node may be boosted to a voltage equal to the voltage
of the organic light-emitting diode (V 5, zp) plus the voltage
twice threshold voltage of the driving transistor.

The voltage between the second node N2 and the third
node N3 is held at the voltage twice the threshold voltage,
so that the voltage applied to the top gate electrode of the
driving transistor can control the threshold voltage of the
driving transistor.

According to an example of the present disclosure, a pixel
driving circuit includes a driving switching element DT
having a bottom gate electrode and a top gate electrode and
electrically connected to a first supply voltage line VDDL
and a second supply voltage line VSSL; a first switching
element ST1 for electrically connecting a data signal line DL,
with a first node N1 connected to the bottom gate electrode
of the drive switching element DT in response to a first scan
signal SCANT; a second switching element ST2 connected
to the first node and is a diode-connected transistor having
its gate electrode and drain electrode commonly connected
to a ground potential; a third switching element ST3 for
electrically connecting a ground terminal with a second node
N2 connected to the top gate electrode of the drive switching
element DT in response to a second scan signal SCAN2; a
first capacitor C1 electrically connected between the first
node N1 and the second switching element ST2; and a
second capacitor C2 electrically connected between the
second node N2 and a third node N3 connected to a source
electrode of the drive switching element DT.

The first switching element ST1 includes a first gate
electrode, a first oxide semiconductor layer, a first source
electrode, and a first drain electrode. The first gate electrode
may be connected to a first scan signal line SCL1 for
supplying a first scan signal SCANT.

The first drain electrode may be connected to a data signal
line DL to receive data voltage V ;.

The third switching element ST3 includes a third gate
electrode, a third oxide semiconductor layer, a third source
electrode, and a third drain electrode. The third gate elec-
trode may be connected to a second scan signal line SCL2
for supplying a second scan signal SCAN2.

The third drain electrode may be connected to the ground
potential.

When the third switching element ST3 is turned off, the
second node N2 may be connected to the ground potential,
1.e., it may float, with no potential difference.

The second switching element ST2 includes a second gate
electrode, a second oxide semiconductor layer, a second
source electrode, and a second drain electrode. The second
source electrode may be connected to the first node N1 and
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the source electrode of the first switching element ST1. The
drain electrode may be connected to one electrode of the first
capacitor C1.

The other electrode of the first capacitor C1 may be
connected to the first node N1 and the source electrode of the
first switching element ST1.

The second capacitor C2 may store the voltage twice the
threshold voltage (2 Vth).

The voltage between the second node N2 and the third
node N3 is held at the voltage twice the threshold voltage (2
Vth), so that the voltage applied to the top gate electrode of
the driving transistor can control the threshold voltage Vth
of the driving transistor.

The voltage equal to twice the threshold voltage Vth of
the driving transistor DT is applied to the top gate electrode,
and the threshold voltage of the driving transistor DT can be
reduced to the voltage equal to the threshold voltage Vth.

According to an example of the present disclosure, an
OLED display device includes a plurality of pixels, wherein
each of the pixels comprises an organic light-emitting diode
and a pixel driving circuit for driving the organic light-
emitting diode, wherein the pixel driving circuit comprises:
a driving switching element (e.g., DT) having a bottom gate
electrode and a top gate electrode and connected between a
first supply voltage line (e.g., VDDL) and a second supply
voltage line (e.g., VSSL) in series with the organic light-
emitting diode; a first switching element (e.g., ST1) for
connecting a data signal line (e.g., DL) with a first node
(e.g., N1) connected to the bottom gate electrode of the drive
switching element (DT) in response to a first scan signal; a
second switching element (e.g., ST2) connected to the first
node and being a diode-connected transistor having its gate
electrode and drain electrode commonly connected to a
ground potential; a third switching element (e.g., ST3) for
connecting a ground terminal with a second node (e.g., N2)
connected to the top gate electrode of the drive switching
element (DT) in response to a second scan signal; a first
capacitor (e.g., C1) electrically connected between the first
node (N1) and the second switching element (ST2); and a
second capacitor (e.g., C2) disposed between the second
node (N2) and a third node (e.g., N3) connected to a drain
electrode of the drive switching element (DT), wherein the
pixel driving circuit is operated in different periods includ-
ing: an initialization period in which the second and third
switching elements (ST2 and ST3) are turned on, such that
a negative threshold voltage (e.g., —-Vth) is applied to the
first node (N1) and the second node (N2) is initialized to 0
V; a sampling period in which the third switching element
(ST3) and the driving switching element (DT) are turned on,
such that a voltage twice the negative threshold voltage is
applied to the third node (N3) and a voltage twice the
threshold voltage (2 Vth) is stored in the second capacitor
(C2); a programming period in which the first switching
element (ST1) is turned on while the second and third
switching elements (ST2 and ST3) are turned off, such that
data voltage (e.g., V,,,,) 1 applied to the first node (N1),
organic light-emitting diode voltage (V ;) 18 charged at
the third node (N3) and a voltage at the second node (N2) is
boosted to a voltage equal to the organic light-emitting diode
voltage (V oz zp) plus the voltage twice the threshold voltage
(2 Vth); and an emission period in which the first and second
switching elements (ST1 and ST2) are turned off, such that
the driving switching element (DT) applies a driving current
to the organic light-emitting diode in response to a data
signal input from the first switching element (ST1).

In the initialization period, the second gate electrode and
the second drain electrode both are connected to the ground
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potential to form diode-connection, and a negative threshold
voltage is supplied to the first node N1, to initialize the first
capacitor C1 to the threshold voltage.

In the initialization period, the second switching element
ST2 is turned on, the voltage of 0 V is applied from the
ground terminal to the second node N2, to discharge the
second capacitor C2.

In the sampling period, the third node N3 is charged to a
voltage twice the negative threshold voltage until the gate-
source voltage Vgs of the drive switching element DT
reaches the threshold voltage. When the voltage at the third
node N3 becomes twice the negative threshold voltage, the
driving switching element DT can be turned off.

In the sampling period, the second capacitor C2 is charged
to a voltage twice the threshold voltage, and a high-level
voltage is applied from the second supply voltage line VSSL
to the organic light-emitting diode, so that the organic
light-emitting diode may not emit light.

In the programming period, a low-level voltage is applied
to the second supply voltage line VSSL, such that the
organic light-emitting diode is turned on, and accordingly
the organic light-emitting diode voltage V-, may be
applied to the third node N3.

In the programming period, the third switching element
ST3 is turned off so that the second node becomes floating.
In order to hold the voltage twice the threshold voltage in the
second capacitor, the voltage at the second node may be
boosted from 0 V to the voltage equal to the organic
light-emitting diode voltage V, -, plus the voltage twice
threshold voltage.

The threshold voltage of the driving switching element
can be adjusted by the voltage applied to the top gate
electrode.

In the sampling period, a negative threshold voltage of the
driving transistor also can be sensed.

The exemplary embodiments of the present disclosure
described above may be substituted, altered, and modified
by those skilled in the art without departing from the scope
and spirit of the present disclosure. Therefore, the present
disclosure is not limited to the above-mentioned exemplary
embodiments and the accompanying drawings.

The various embodiments of the present disclosure can
also be described as follows.

According to an example of the present disclosure, there
is provided an organic light-emitting diode display device
including an organic light-emitting element; a driving tran-
sistor involved in driving the organic light-emitting element
and comprising a bottom gate electrode BG, an oxide
semiconductor layer, a source electrode, a drain electrode
and a top gate electrode TG; a first switching transistor
electrically connected to the bottom gate electrode of the
driving transistor and involved in transmitting data voltage
V .. 10 control the driving transistor; a storage capacitor Cst
electrically connected to the bottom gate electrode and
involved in charging data voltage; a second switching tran-
sistor configured to store a threshold voltage Vth in the
storage capacitor; a compensating transistor directly con-
nected to the top gate electrode of the driving transistor to
compensate for a deviation in the threshold voltage of the
driving transistor; and a compensating capacitor Ccomp
disposed between the source electrode of the driving tran-
sistor and a source electrode of the compensating transistor
and storing a threshold voltage therein.

The thickness of the gate insulating layer may be con-
trolled by a compensation value for compensating for the
threshold voltage of the driving transistor.
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The first switching transistor may include a first gate
electrode, a first oxide semiconductor layer, a first source
electrode, and a first drain electrode. The first source elec-
trode may be directly connected to a first node N1 connected
to the bottom gate electrode of the driving transistor.

The second switching transistor may include a second
gate electrode, a second oxide semiconductor layer, a second
source electrode, and a second drain electrode. The second
gate electrode and the second drain electrode both may be
connected to the ground potential, one electrode of the
storage capacitor Cst may be connected to the ground
potential.

The other electrode of the storage capacitor Cst may be
connected to a first node N1 and the source electrode of the
first switching transistor.

The compensating transistor may include a third gate
electrode, a third oxide semiconductor layer, a third source
electrode and a third drain electrode, and the third source
electrode may be directly connected to a second node N2
connected to the top gate electrode of the driving transistor.

The drain electrode of the driving transistor may be
electrically connected to the first power supply line VDDL,
while the source electrode of the driving transistor may be
connected to the third node N3.

When the second switching transistor and the compen-
sating transistor are turned on, a negative threshold voltage
-Vth of the second switching transistor may be applied to
the first node N1, and the voltage of 0 V may be applied to
the second node N2.

When the second switching transistor is turned off while
the compensating transistor is turned on, the voltage twice
the negative threshold voltage may be applied to the third
node N3.

When the first switching transistor is turned on while the
compensating transistor is turned off, the organic light-
emitting element may be turned on and the voltage V-
applied to the organic light emitting element may be applied
to the third node N3.

When the compensating transistor is turned off] the sec-
ond node N2 may be floating.

In order to hold the voltage twice the threshold voltage (2
Vth) stored in the compensating capacitor, the voltage at the
second node may be boosted to a voltage equal to the voltage
of the organic light-emitting diode (V 5 ) plus the voltage
twice threshold voltage of the driving transistor.

The voltage between the second node N2 and the third
node N3 is held at the voltage twice the threshold voltage,
so that the voltage applied to the top gate electrode of the
driving transistor can control the threshold voltage of the
driving transistor.

According to another example of the present disclosure, a
pixel driving circuit includes a driving switching element
DT having a bottom gate electrode and a top gate electrode
and electrically connected to a first supply voltage line
VDDL and a second supply voltage line VSSL; a first
switching element ST1 for electrically connecting a data
signal line DL with a first node N1 connected to the bottom
gate electrode of the drive switching element DT in response
to a first scan signal SCANI; a second switching element
ST2 connected to the first node and is a diode-connected
transistor having its gate electrode and drain electrode
commonly connected to a ground potential; a third switching
element ST3 for electrically connecting a ground terminal
with a second node N2 connected to the top gate electrode
of the drive switching element DT in response to a second
scan signal SCAN2; a first capacitor C1 electrically con-
nected between the first node N1 and the second switching
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element ST2; and a second capacitor C2 electrically con-
nected between the second node N2 and a third node N3
connected to a source electrode of the drive switching
element DT.

The first switching element ST1 may include a first gate
electrode, a first oxide semiconductor layer, a first source
electrode, and a first drain electrode. The first gate electrode
may be connected to a first scan signal line SCL1 for
supplying a first scan signal SCANT.

The first drain electrode may be connected to a data signal
line DL to receive data voltage V.

The third switching element ST3 may include a third gate
electrode, a third oxide semiconductor layer, a third source
electrode, and a third drain electrode. The third gate elec-
trode may be connected to a second scan signal line SCL2
for supplying a second scan signal SCAN2.

The third drain electrode may be connected to the ground
terminal.

When the third switching element ST3 is turned off, the
second node N2 may be connected to the ground potential,
i.e., it may float, with no potential difference.

The second switching element ST2 may include a second
gate electrode, a second oxide semiconductor layer, a second
source electrode, and a second drain electrode. The second
source electrode may be connected to the first node N1 and
the source electrode of the first switching element ST1. The
drain electrode may be connected to one electrode of the first
capacitor C1.

The other electrode of the first capacitor C1 may be
connected to the first node N1 and the source electrode of the
first switching element ST1.

The second capacitor C2 may store the voltage twice the
threshold voltage (2 Vth).

The voltage between the second node N2 and the third
node N3 is held at the voltage twice the threshold voltage (2
Vth), so that the voltage applied to the top gate electrode of
the driving transistor can control the threshold voltage Vth
of the driving transistor.

The voltage equal to twice the threshold voltage Vth of
the driving transistor DT is applied to the top gate electrode,
and the threshold voltage of the driving transistor DT can be
reduced to the voltage equal to the threshold voltage Vth.

According to yet another example of the present disclo-
sure, an OLED display device includes a plurality of pixels,
wherein each of the pixels comprises an organic light-
emitting diode and a pixel driving circuit for driving the
organic light-emitting diode, wherein the pixel driving cir-
cuit comprises: a driving switching element (DT) having a
bottom gate electrode and a top gate electrode and connected
between a first supply voltage line (VDDL) and a second
supply voltage line (VSSL) in series with the organic
light-emitting diode; a first switching element (ST1) for
connecting a data signal line (DL) with a first node (N1)
connected to the bottom gate electrode of the drive switch-
ing element (DT) in response to a first scan signal; a second
switching element (ST2) connected to the first node and
being a diode-connected transistor having its gate electrode
and drain electrode commonly connected to a ground poten-
tial; a third switching element (ST3) for connecting a ground
terminal with a second node (N2) connected to the top gate
electrode of the drive switching element (DT) in response to
a second scan signal; a first capacitor (C1) electrically
connected between the first node (N1) and the second
switching element (ST2); and a second capacitor (C2)
disposed between the second node (N2) and a third node
(N3) connected to a drain electrode of the drive switching
element (DT), wherein the pixel driving circuit is operated
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in different periods including: an initialization period in
which the second and third switching elements (ST2 and
ST3) are turned on, such that a negative threshold voltage
(-Vth) is applied to the first node (N1) and the second node
(N2) is initialized to 0 V; a sampling period in which the
third switching element (ST3) and the driving switching
element (DT) are turned on, such that a voltage twice the
negative threshold voltage is applied to the third node (N3)
and a voltage twice the threshold voltage (2 Vth) is stored in
the second capacitor (C2); a programming period in which
the first switching element (ST1) is turned on while the
second and third switching elements (ST2 and ST3) are
turned off, such that data voltage (V ,,,,) is applied to the first
node (N1), organic light-emitting diode voltage (V) is
charged at the third node (N3) and a voltage at the second
node (N2) is boosted to a voltage equal to the organic
light-emitting diode voltage (V ,; ,) plus the voltage twice
the threshold voltage (2 Vth); and an emission period in
which the first and second switching elements (ST1 and
ST?2) are turned off, such that the driving switching element
(DT) applies a driving current to the organic light-emitting
diode in response to a data signal input from the first
switching element (ST1).

In the initialization period, the second gate electrode and
the second drain electrode both may be connected to the
ground potential to form diode-connection, and the negative
threshold voltage (-Vth) may be supplied to the first node
(N1) to initialize the first capacitor (C1) to the threshold
voltage Vth.

In the initialization period, the second switching element
ST2 may be turned on, the voltage of 0 V is applied from the
ground terminal to the second node N2, to discharge the
second capacitor C2.

In the sampling period, the third node (N3) may be
charged to a voltage twice the negative threshold voltage
(-Vth) until a gate-source voltage (Vgs) of the drive switch-
ing element (DT) reaches the threshold voltage (Vth), and
upon the voltage at the third node (N3) reaching the twice
the negative threshold voltage (-Vth), the driving switching
element (DT) may be turned off.

In the sampling period, the second capacitor (C2) may be
charged to a voltage twice the threshold voltage (2 Vth), and
a high-level voltage may be applied from the second supply
voltage line VSSL to the organic light-emitting diode, so that
the organic light-emitting diode does not emit light.

In the programming period, a low-level voltage may be
applied to the second supply voltage line VSSL, such that
the organic light-emitting diode is turned on, and accord-
ingly the organic light-emitting diode voltage V ,; z;, may be
applied to the third node N3.

In the programming period, the third switching element
(ST3) may be turned off so that the second node becomes
floating, and the voltage at the second node is boosted from
0V to the voltage equal to the organic light-emitting diode
voltage (V 5, zp) plus the voltage twice the threshold voltage
(2 Vth) so as to hold the voltage twice the threshold voltage
in the second capacitor.

The threshold voltage of the driving switching element
can be adjusted by the voltage applied to the top gate
electrode.

In the sampling period, a negative threshold voltage of the
driving transistor also can be sensed.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
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obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. An organic light-emitting diode display device com-
prising:

an organic light-emitting diode;

a driving transistor involved in driving the organic light-
emitting diode and comprising a bottom gate electrode,
an oxide semiconductor layer, a source electrode, a
drain electrode and a top gate electrode;

a first switching transistor electrically connected to the
bottom gate electrode of the driving transistor and
involved in transmitting a data voltage to control the
driving transistor;

a storage capacitor electrically connected to the bottom
gate electrode and involved in charging the data volt-
age;

a second switching transistor configured to store a thresh-
old voltage in the storage capacitor;

a compensating transistor directly connected to the top
gate electrode of the driving transistor to compensate
for a deviation in the threshold voltage of the driving
transistor; and

a compensating capacitor disposed between the source
electrode of the driving transistor and a source elec-
trode of the compensating transistor and storing the
threshold voltage therein,

wherein one electrode of the storage capacitor is con-
nected to a ground potential in common with the
second switching transistor.

2. The organic light-emitting diode display device of
claim 1, wherein the driving transistor further comprises a
gate insulating layer, and a thickness of the gate insulating
layer is controlled by a compensation value used to com-
pensate for the threshold voltage of the driving transistor.

3. The organic light-emitting diode display device of
claim 1, wherein the first switching transistor comprises a
first gate electrode, a first oxide semiconductor layer, a first
source electrode, and a first drain electrode, and

wherein the first source electrode is directly connected to
a first node connected to the bottom gate electrode of
the driving transistor.

4. The organic light-emitting diode display device of
claim 3, wherein, upon the second switching transistor and
the compensating transistor being turned on, a negative
threshold voltage of the second switching transistor is
applied to the first node, and a voltage of the ground
potential is applied to a second node.

5. The organic light-emitting diode display device of
claim 1, wherein the second switching transistor comprises
a second gate electrode, a second oxide semiconductor layer,
a second source electrode, and a second drain electrode,

wherein the second gate electrode and the second drain
electrode both are connected to the ground potential,
and

wherein another electrode of the storage capacitor is
connected to a first node and a first source electrode of
the first switching transistor.

6. The organic light-emitting diode display device of
claim 1, wherein the compensating transistor comprises a
third gate electrode, a third oxide semiconductor layer, a
third source electrode, and a third drain electrode, and

wherein the third source electrode is directly connected to
asecond node connected to the top gate electrode of the
driving transistor.
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7. The organic light-emitting diode display device of
claim 6, wherein upon the compensating transistor being
turned off, the second node is floating.

8. The organic light-emitting diode display device of
claim 1, wherein the drain electrode of the driving transistor
is electrically connected to a first supply voltage line, and

wherein the source electrode of the driving transistor is
connected to a third node.

9. The organic light-emitting diode display device of
claim 8, wherein upon the second switching transistor being
turned off while the compensating transistor being turned on,
a voltage twice a negative threshold voltage is applied to the
third node.

10. The organic light-emitting diode display device of
claim 8, wherein upon the first switching transistor being
turned on while the compensating transistor being turned off,
the organic light-emitting diode is turned on and a voltage of
the organic light-emitting diode is applied to the third node.

11. The organic light-emitting diode display device of
claim 10, wherein a voltage of a second node is boosted to
a voltage equal to the voltage of the organic light-emitting
diode plus a voltage twice threshold voltage of the driving
transistor, so as to hold the voltage twice the threshold
voltage stored in the compensating capacitor.

12. The organic light-emitting diode display device of
claim 11, wherein a voltage between the second node and the
third node is held at twice the threshold voltage, so that the
voltage applied to the top gate electrode of the driving
transistor controls the threshold voltage of the driving tran-
sistor.

13. An organic light-emitting diode (OLED) display
device comprising:

a plurality of pixels, wherein each of the pixels comprises
an organic light-emitting diode and a pixel driving
circuit for driving the organic light-emitting diode,

wherein the pixel driving circuit comprises:

a drive switching element having a bottom gate elec-
trode and a top gate electrode and connected between
a first supply voltage line and a second supply
voltage line in series with the organic light-emitting
diode;

a first switching element configured to connect a data
signal line with a first node connected to the bottom
gate electrode of the drive switching element in
response to a first scan signal;

a second switching element connected to the first node
and being a diode-connected transistor having its
gate electrode and drain electrode commonly con-
nected to a ground potential;

a third switching element configured to connect a
ground terminal with a second node connected to the
top gate electrode of the drive switching element in
response to a second scan signal;

a first capacitor electrically connected between the first
node and the second switching element; and

a second capacitor disposed between the second node
and a third node connected to a drain electrode of the
drive switching element,

wherein the pixel driving circuit is operated in different
periods comprising:
an initialization period in which the second switching

element and the third switching element are turned
on, so that a negative threshold voltage is applied to
the first node and the second node is initialized to the
ground potential;

a sampling period in which the third switching element
and the driving switching element are turned on, so
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that a voltage twice the negative threshold voltage is
applied to the third node and a voltage twice the
threshold voltage is stored in the second capacitor;

a programming period in which the first switching
element is turned on while the second switching
element and the third switching element are turned
off, so that a data voltage is applied to the first node,
a voltage of the organic light-emitting diode is
charged at the third node and a voltage of the second
node is boosted to a voltage equal to the voltage of
the organic light-emitting diode plus the voltage
twice the threshold voltage; and

an emission period in which the first switching element
and the second switching element are turned off, so
that the driving switching element applies a driving
current to the organic light-emitting diode in
response to a data signal from the first switching
element, and

wherein the threshold voltage of the driving switching

element is adjusted by a voltage applied to the top gate
electrode.

14. The OLED display device of claim 13, wherein in the
initialization period, both the gate electrode and the drain
electrode of the second switching element are connected to
the ground potential to form a diode-connection, and

wherein the negative threshold voltage is applied to the

first node to initialize the first capacitor to the threshold
voltage.

15. The OLED display device of claim 13, wherein in the
initialization period, the second switching element is turned
on, and a voltage of the ground potential is applied from the
ground terminal to the second node, to discharge the second
capacitor.
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16. The OLED display device of claim 13, wherein in the
sampling period, the third node is charged to a voltage twice
the negative threshold voltage until a gate-source voltage of
the drive switching element reaches the threshold voltage,
and

wherein upon the voltage at the third node reaching the

twice the negative threshold voltage, the driving
switching element is turned off.

17. The OLED display device of claim 13, wherein in the
sampling period, the second capacitor is charged to the
voltage twice the threshold voltage, and

wherein a high-level voltage is applied from the second

supply voltage line to the organic light-emitting diode,
so that the organic light-emitting diode does not emit
light.

18. The OLED display device of claim 13, wherein in the
programming period, a low-level voltage is applied to the
second supply voltage line so that the organic light-emitting
diode is turned on, and the voltage of the organic light-
emitting diode is applied to the third node.

19. The OLED display device of claim 13, wherein in the
programming period, the third switching element is turned
off so that the second node is floating, and

wherein the voltage at the second node is boosted from a

voltage of the ground potential to the voltage equal to
the voltage of the organic light-emitting diode voltage
plus the voltage twice the threshold voltage, so as to
hold the voltage twice the threshold voltage in the
second capacitor.

20. The OLED display device of claim 13, wherein in the
sampling period, a negative threshold voltage of the driving
switching element is sensed.
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