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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2018-0123716,
filed on Oct. 17, 2018, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Display
Device and Method of Driving the Same,” is incorporated by
reference herein in its entirety.

BACKGROUND

1. Field

[0002] Exemplary embodiments relate to an organic light
emitting display device and a method of driving the organic
light emitting display device. More particularly, exemplary
embodiments relate to an organic light emitting display
device with an improved display quality and a method of
driving the organic light emitting display device with the
improved display quality.

2. Description of the Related Art

[0003] An organic light emitting display device is spot-
lighted as a next generation display device because the
organic light emitting display device has a thin thickness, a
light weight, a low power consumption, and a fast response
time.

[0004] The organic light emitting display device may
include a plurality of pixels. Each pixel may include an
organic light emitting diode and a pixel circuit for driving
the organic light emitting diode. The pixel circuit may
include a plurality of transistors and a plurality of capacitors.
The plurality of transistors may drive the organic light
emitting diode. The organic light emitting diode may emit a
light with a luminance corresponding to a driving voltage.
[0005] Recently, as the organic light emitting display
device has a higher resolution and a larger size, an area of
the pixel circuit has been reduced and minimized. Thus, the
plurality of transistors in the area of the pixel circuit may
have a reduced size and a poor driving capacity due to the
area limitation. As a result, a display quality of the organic
light emitting display device may be degraded due to the
degraded transistors.

SUMMARY

[0006] Embodiments are directed to an organic light emit-
ting display device including: a display panel including a
plurality of pixel circuits, each pixel circuit including a
driving transistor having four independent terminals, the
four independent terminals including first and second gate
electrodes, and an organic light emitting diode to emit a light
according to a driving current generated from the driving
transistor; a source driving circuit to provide a data voltage
to the plurality of pixel circuits such that a gate voltage
corresponding to the data voltage is applied to the first gate
electrode of the driving transistor; and a voltage generator to
apply an independent bias voltage to the second gate elec-
trode of the driving transistor. the independent bias voltage
for controlling a driving voltage range of the driving tran-
sistor, wherein: a channel length of the driving transistor is
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about 3 pm or less, and a voltage level of the independent
bias voltage is about -7 V to about 6 V.

[0007] The driving transistor may further include a drain
electrode to receive a first emission power supply voltage
and a source electrode connected to the organic light emit-
ting diode.

[0008] The driving voltage range of the driving transistor
may be a range of gate voltages corresponding to data
voltages corresponding to a middle grayscale and higher
grayscales.

[0009] The driving voltage range of the driving transistor
may be about 2 V or more to about 5 V or less.

[0010] The driving voltage range of the driving transistor
may be about -5 V to about 5 V.

[0011] A sub-threshold voltage slope of the driving tran-
sistor may be about 0.11 V/dec to about 0.21 V/dec.
[0012] Each pixel circuit further may include a switching
transistor and a capacitor, and wherein: the switching tran-
sistor includes a gate electrode connected to a scan line, a
source electrode connected to a data line, and a drain
electrode connected to the first gate electrode of the driving
transistor, and the capacitor includes a first electrode con-
nected to the first gate electrode of the driving transistor and
a second electrode to receive a first emission power supply
voltage.

[0013] The display panel may include a base substrate, an
active pattern of the driving transistor, and a voltage line to
transfer the independent bias voltage, wherein: the first gate
electrode overlaps a channel region of the active pattern and
is on the active pattern, the second gate electrode is on the
base substrate, is under the channel region, and is connected
to the voltage line, and the active pattern includes an oxide
semiconductor, overlaps the second gate electrode, and is on
the second gate electrode, and wherein the active pattern is
between the first and second gate electrodes.

[0014] Embodiments are directed to a method of driving
an organic light emitting display device including a plurality
of pixel circuits, each pixel circuit including an organic light
emitting diode and a driving transistor having four indepen-
dent terminals to drive the organic light emitting diode, the
four independent terminals including first and second gate
electrodes, the method comprising: applying a gate voltage
corresponding to a data voltage to the first gate electrode of
the driving transistor; applying an independent bias voltage
to the second gate electrode of the driving transistor to
control a driving voltage range of the driving transistor; and
applying a driving current based on the gate voltage to the
organic light emitting diode, wherein: a channel length of
the driving transistor is about 3 pum or less, and a voltage
level of the independent bias voltage is about =7 V to about
6V.

[0015] The driving transistor may further include a drain
electrode to receive a first emission power supply voltage
and a source electrode connected to the organic light emit-
ting diode.

[0016] The driving voltage range of the driving transistor
may be about 2 V or more to about 5 V or less.

[0017] The driving voltage range of the driving transistor
may be about =5V to about 5 V.

[0018] A sub-threshold voltage slope of the driving tran-
sistor may be about 0.11 V/dec to about 0.21 V/dec.
[0019] The method of driving an organic light emitting
display device may further include applying the gate voltage
corresponding to the data voltage to the first gate electrode
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of the driving transistor in response to a scan signal; storing
the gate voltage of the first gate electrode in a capacitor; and
applying a driving current to the organic light emitting diode
based on a voltage stored in the capacitor by the driving
transistor.

[0020] The independent bias voltage may be applied
through a voltage line connected to the second gate electrode
of the driving transistor.

[0021] Embodiments are directed to a pixel unit compris-
ing: an organic light emitting diode to emit a light corre-
sponding to a data voltage of a grayscale; and a pixel circuit
to drive the organic light emitting diode according to the
data voltage of the grayscale, the pixel circuit including a
driving transistor having four independent terminals, the
four independent terminals including first and second gate
electrodes, wherein: the driving transistor generates a driv-
ing current according to a first gate voltage of the first gate
electrode of the driving transistor corresponding to the data
voltage of the grayscale and supplies the driving current to
the organic light emitting diode, and a driving voltage range
of the driving transistor is controlled by a second gate
voltage of the second gate electrode of the driving transistor,
the second gate voltage of the second gate electrode of the
driving transistor being charged with an independent bias
voltage.

[0022] The driving voltage range of the driving transistor
may be a range of first gate voltages of the driving transistor
corresponding to data voltages of a middle grayscale and
higher grayscales.

[0023] The driving voltage range of the driving transistor
may be about 2 V or more to about 5 V or less.

[0024] The driving voltage range of the driving transistor
may be about -5 V to about 5 V.

[0025] A sub-threshold voltage slope of the driving tran-
sistor may be about 0.11 V/dec to about 0.21 V/dec.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0027] FIG. 1 illustrates an organic light emitting display
device according to one exemplary embodiment;

[0028] FIGS. 2A and 2B illustrate current-voltage (I-V)
characteristic curves illustrating driving voltage ranges of
driving transistors;

[0029] FIG. 3 illustrates a pixel circuit according to one
exemplary embodiment;

[0030] FIG. 4 illustrates a cross-sectional view of a dis-
play panel including a four-terminal transistor according to
one exemplary embodiment;

[0031] FIG. 5 illustrates a current-voltage (I-V) character-
istic curve of a four-terminal transistor according to one
exemplary embodiment; and

[0032] FIG. 6 illustrates experimental data showing an
independent bias voltage and a driving voltage range of a
four-terminal transistor according to one exemplary embodi-
ment.

DETAILED DESCRIPTION

[0033] FIG. 1 illustrates an organic light emitting display
device 1000 according to one exemplary embodiment.
Referring to FIG. 1, the organic light emitting display device
1000 may include a display panel 100, a main driver circuit
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200, a source driver circuit 300, a scan driver circuit 400,
and an emission driver circuit 500.

[0034] The display panel 100 may include a display part
DA and a peripheral part. The peripheral part may include a
plurality of peripheral areas PAl, PA2, PA3, and PA4
surrounding the display part DA.

[0035] Thedisplay part DA may include a plurality of data
lines DL, a plurality of scan lines SL, a plurality of voltage
lines VL1 and VL2, and a plurality of pixel units PU. The
plurality of data lines DL, may be connected to the source
driver circuit 300 and may provide a plurality of data
voltages to the plurality of pixel units PU. The plurality of
scan lines SL may be connected to the scan driver circuit 400
and may provide a plurality of scan signals to the plurality
of pixel units PU. The first voltage line VL1 may provide a
first emission power supply voltage ELVDD to the plurality
of pixel units PU. The second voltage line VL2 may provide
an independent bias voltage Vb to the plurality of pixel units
PU.

[0036] Each pixel unit PU may include a pixel circuit PC.
The pixel circuit PC may be connected to a corresponding
data line DL, a corresponding scan line SL, and correspond-
ing voltage lines VL1 and VL2. Further, the pixel circuit PC
may include a plurality of transistors and at least one
capacitor. The plurality of transistors may include a driving
transistor TD for driving an organic light emitting diode
OLED. The driving transistor TD may be connected to an
anode electrode of the organic light emitting diode OLED
and may supply a driving current corresponding to a data
voltage to the anode electrode of the organic light emitting
diode OLED.

[0037] According to one exemplary embodiment, the driv-
ing transistor TD may include a channel and four indepen-
dent terminals. The four independent terminals of the driv-
ing transistor TD may include a source electrode, a drain
electrode, a first gate electrode, and a second gate electrode.
The first gate electrode may be disposed over the channel.
The second gate electrode may be disposed under the
channel. The channel may be between the first and second
gate electrodes

[0038] The channel may include an oxide semiconductor.
A length of the channel of the driving transistor may be less
than or equal to about 3 um. The channel length may be
changed according to a resolution and a size of the display
panel 100.

[0039] The main driver circuit 200 may include a timing
controller 230 and a voltage generator 250 mounted on a
main printed circuit board 210.

[0040] The timing controller 230 may receive an image
signal and a control signal from an external device. The
image signal may include red, green and blue image signals.
The control signal may include a horizontal synchronization
signal, a vertical synchronization signal, and a main clock
signal. The timing controller 230 may output image data that
are converted from the image signal according to specifica-
tions, e.g., a pixel structure and a resolution of the display
part DA. The timing controller 230 may generate a first
control signal for driving the source driver circuit 300 and a
second control signal for driving the scan driver circuit 400
based on the control signal.

[0041] The voltage generator 250 may generate a plurality
of driving voltages. The plurality of driving voltages may
include a source driving voltage that is provided to the
source driver circuit 300, a scan driving voltage that is
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provided to the scan driver circuit 400, and a panel driving
voltage that is provided to the display panel 100.

[0042] The panel driving voltage may include a first
emission power supply voltage ELVDD, a second emission
power supply voltage ELVSS, and an independent bias
voltage Vb. The panel driving voltage may be provided to
the pixel circuit PC. The first emission power supply voltage
ELVDD may be applied to an anode electrode of the organic
light emitting diode OLED. The second emission power
supply voltage ELVSS may be applied to a cathode electrode
E2 of the organic light emitting diode OLED. The first
emission power supply voltage ELVDD may be greater than
the second emission power supply voltage ELVSS. The
independent bias voltage Vb may be applied to a fourth
terminal (e.g., the second gate electrode) of the driving
transistor TD. The independent bias voltage Vb may have
about -7V to about 6V.

[0043] The source driver circuit 300 may include a plu-
rality of source driving units 330 that are mounted on a
source printed circuit board 310. The plurality of source
driving units 330 may include a flexible circuit film 331 and
a source driving chip 333 mounted on the flexible circuit
film 331. The source driver circuit 300 may be connected to
a first peripheral area PA1 of the display panel 100. The
source driver circuit 300 may convert the image data sup-
plied from the timing controller 230 into a data voltage using
a gamma voltage. The data voltage may be provided to the
pixel units PU of the display panel 100.

[0044] The first emission power supply voltage ELVDD,
the second emission power supply voltage ELVSS, and the
independent bias voltage Vb may be provided to the display
panel 100 through the source printed circuit board 310
without passing through the plurality of source driving units
330.

[0045] The scan driver circuit 400 may be disposed in the
second peripheral area PA2 of the display panel 100. The
scan driver circuit 400 may include a plurality of transistors
that are directly formed in the second peripheral area PA2 by
the same processor as manufacturing transistors included in
the pixel circuit PC of the display part DA. The scan driver
circuit 400 may generate a plurality of scan signals based on
control signals provided from the timing controller 230 and
may provide the plurality of scan signals to a plurality of
scan lines SL.

[0046] FIGS. 2A and 2B illustrate current-voltage (I-V)
characteristic curves showing driving voltage ranges of
driving transistors. Referring to FIG. 2A, according to a
comparative exemplary embodiment, a driving transistor
may have three terminals. The three terminals may include
a gate electrode for receiving a data voltage, a drain elec-
trode for receiving a first emission power supply voltage,
and a source electrode connected to an anode electrode of an
organic light emitting diode OLED.

[0047] According to the comparative exemplary embodi-
ment, the driving transistor having the three terminals may
have a driving current ID flowing from the drain electrode
to the source electrode based on a gate voltage VG of the
gate electrode corresponding to the data voltage. The driving
current ID of the driving transistor may be applied to the
organic light emitting diode OLED. The organic light emit-
ting diode OLED may generate a light by the driving current
ID. The driving current 1D of the driving transistor may be
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changed according to the gate voltage VG and may control
a luminance of a light emitted from the organic light
emitting diode OLED.

[0048] In general, a pixel may display about 256 gray-
scales from a black grayscale to a white grayscale. Thus, the
luminance of the light emitted from the organic light emit-
ting diode OLED may display 256 grayscales. The data
voltage provided to the driving transistor may include 256
grayscale voltages corresponding to 256 grayscales.

[0049] FIG. 2A illustrates the current-voltage (I-V) char-
acteristic curve of the driving transistor having a first driving
voltage range VD_range_I, a second driving voltage range
VD_range 2, a first driving current range 1D_range 1, and
a second driving current range ID_range 2. When a gate
voltage of the driving transistor is in the first driving voltage
range VD_range_1, the driving transistor may flow a first
current of the first driving current range ID_range_1. When
the gate voltage of the driving transistor is in the second
driving voltage range VD_range 2, the driving transistor
may flow a second current of the second driving current
range ID_range 2.

[0050] The first driving voltage range VD_range_1 may
correspond to a data voltage range corresponding to a
middle grayscale (e.g., 128 grayscale) or higher grayscales.
For example, the first driving voltage range VD_range_1
may indicate a gate voltage range of the driving transistor
when the data voltages of the middle grayscale or the high
grayscales are applied to the driving transistor.

[0051] The second driving voltage range VD_range 2
may correspond to a data voltage range of lower grayscales.
For example, the second driving voltage range VD_range_2
may indicate a gate voltage range of the driving transistor
when the data voltages of the lower grayscales (e.g., less
than 128 grayscale) are applied to the driving transistor. The
second driving voltage range VD_range_2 may be narrower
than the first driving voltage range VD_range 1.

[0052] As a driving current of a driving transistor is
reduced, a driving voltage range VD_range of the driving
transistor may be decreased. Further, as an organic light
emitting display device has a higher resolution and a larger
size, a size of the driving transistor may be reduced such that
a driving current of the driving transistor is reduced (to, e.g,,
about 1 nA or less). Thus, the driving voltage range
VD_range of the driving transistor may be decreased (to,
e.g., about 0.3V) due to the reduced driving current of the
driving transistor. As a result, the reduction of driving
voltage range VD_range of the driving transistor may
degrade a display quality of an organic light emitting display
device.

TABLE
Length 2.5 um 3.5 um 4.5 pm
VD_range 145V 175V 207V
[0053] Referring to Table above, when a channel length I,

of the driving transistor is about 4.5 pm, the driving voltage
range VD_range of the driving transistor may be about 2.07
V (e.g., difference between minimum and maximum gate
voltages of the driving transistor when data voltages corre-
sponding to a middle grayscale or higher grayscale are
applied to the driving transistor). When the channel length L
of the driving transistor is about 3.5 pm, the driving voltage
range VD _range of the driving transistor may be about 1.75
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V. When the channel length L of the driving transistor is
about 2.5 um, the driving voltage range VD_range of the
driving transistor may be about 1.45 V.

[0054] According to one exemplary embodiment, FIG. 2B
illustrates a current-voltage (I-V) characteristic curve illus-
trating a driving voltage range VD_range of a driving
transistor having four independent terminals. The four inde-
pendent terminals may include a source electrode, a drain
electrode, a first gate electrode over a channel, and a second
gate electrode under the channel. For example, the four
independent terminals may operate independently of each
other.

[0055] A sub-threshold slope (SS) may indicate a slope of
a curve below a threshold voltage of a transistor in a
current-voltage (I-V) characteristic curve. As shown in
FIGS. 2A and 2B, a sub-threshold slope (SS) of the driving
transistor having the three terminals in FIG. 2A is steeper
than that of the driving transistor having the four terminals
in FIG. 2B.

[0056] According to one exemplary embodiment, the driv-
ing transistor with the four terminals having the channel
length of about 3 pm or less, may obtain the driving voltage
range VD_range to about 3 V or more by gently adjusting
the sub-threshold slope (SS) which is the slope of the curve
below the threshold voltage in the current-voltage (I-V)
characteristic curve. For example, in order to smooth the
sub-threshold voltage slope SS, an independent bias voltage
Vb may be applied to the second gate electrode correspond-
ing a fourth terminal of the driving transistor.

[0057] For example, the driving transistor having the four
independent terminals may have a channel length L of about
3 um or less, and a voltage level of the independent bias
voltage Vb may be about -7 V to about 6 V.

[0058] FIG. 3 illustrates a pixel circuit according to one
exemplary embodiment. FIG. 4 illustrates a cross-sectional
view of a display panel including a driving transistor with
four independent terminals according to one exemplary
embodiment.

[0059] Referring to FIGS. 1 and 3, the pixel circuit PC
may include an organic light emitting diode OLED, a
driving transistor TD, a capacitor CST, and a switching
transistor TS.

[0060] The driving transistor TD may include four inde-
pendent terminals. The four independent terminals may
operate independently of each other. The driving transistor
TD may include a first gate electrode GE11 connected to the
switching transistor TS, a drain electrode DE1 to receive the
first emission power supply voltage ELVDD, a source
electrode SE1 connected to the anode electrode of the
organic light emitting diode OLED and a second gate
electrode GE12 to receive the independent bias voltage Vb.
The first emission power supply voltage ELVDD may be a
power supply voltage having a high level.

[0061] The capacitor CST may include a first electrode
CE1 1o receive the first emission power supply voltage
ELVDD and a second electrode CE2 connected to the first
gate electrode GE11 of the driving transistor TD.

[0062] The switching transistor TS may include a gate
electrode GE2 connected to the scan line SL and receiving
the scan signal S, a drain electrode DE2 connected to a data
line DL and to receive a data voltage Vdata, and a source
electrode SE2 connected to the first gate electrode GE11 of
the driving transistor TD. The switching transistor TS may
have three independent terminals (e.g., the gate electrode
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GE2, the source electrode SE2, and the drain electrode
DE2). In other words, the switching transistor TS and the
driving transistor TD may be different-type transistors.
[0063] The organic light emitting diode OLED may
include an anode electrode connected to the source electrode
SE1 of the driving transistor TD and a cathode electrode to
receive a second emission power supply voltage ELVSS.
The second emission power supply voltage ELVSS may be
a power supply voltage having a low level.

[0064] According to one exemplary embodiment, a driv-
ing method of the pixel circuit PC is as follows. The second
gate electrode GE12 of the driving transistor TD may
receive an independent bias voltage Vb through the second
voltage line VL.2. A driving voltage range VD_range of the
driving transistor TD may be controlled according to a level
of the independent bias voltage Vb. Further, a threshold
voltage Vth of the driving transistor may be controlled by
the independent bias voltage Vb.

[0065] For example, during a period in which the pixel
circuit PC operates, the independent bias voltage Vb may be
always applied to the second gate electrode GE 12 of the
driving transistor TD. Alternatively, the independent bias
voltage Vb may be selectively applied to the second gate
electrode GE 12 of the driving transistor TD when the pixel
circuit PC operates. The driving voltage range VD _range of
the driving transistor TD may be a voltage range of the first
gate electrode GE11 (e.g., a gate voltage range of the driving
transistor TD) when data voltages corresponding to a middle
grayscale or higher grayscales are applied to the first gate
electrode GE11 of the driving transistor TD. In other words,
the driving transistor TD may generate driving currents
corresponding to the middle grayscale and the higher gray-
scales when the gate voltage of the driving transistor TD is
in the driving voltage range VD_range of the driving tran-
sistor TD. For example, the driving transistor TD may have
a channel including an oxide semiconductor, and a length of
the channel may be about 3 um or less. A voltage level of the
independent bias voltage Vb may be about -7 V to about 6
V.

[0066] For example, when a scan signal S is supplied
through the scan line SL, the switching transistor TS may be
turned on. The data voltage Vdata received through the data
line DL may be applied to the capacitor CST through the
switching transistor TS being turned on. The data voltage
Vdata applied to the capacitor CST may be applied to the
first gate electrode GE11 of the driving transistor TD. The
driving transistor TD may be driven by a driving current ID
corresponding to the data voltage Vdata stored in the capaci-
tor CST. The driving current ID may be applied to the
organic light emitting diode OLED. The organic light emit-
ting diode OLED may emit a light by the driving current ID.
The light generated by the driving current ID may have a
luminance corresponding to the data voltage Vdata.

[0067] For example, when the pixel circuit PC is driven,
the independent bias voltage Vb may be always applied to
the second gate electrode GE12 of the driving transistor TD.
Alternatively, when the pixel circuit PC is driven, the
independent bias voltage Vb may be selectively applied to
the second gate electrode GE12 of the driving transistor. For
example, the first and second gate electrodes GE11 and
GE12 of the driving transistor TD may receive different
voltages and may operate independently of each other. The
driving transistor TD may have a channel including an oxide
semiconductor and a channel length of about 3 um or less.
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[0068] Referring to FIG. 4, the display panel 100 may
include a base substrate 110, a driving transistor TD, a
second voltage line VL2, a storage capacitor CST, and an
organic light emitting diode OLED according to one exem-
plary embodiment.

[0069] The base substrate 110 may be an insulating sub-
strate including glass, polymer, stainless steel, or the like.
The base substrate 110 may include a first plastic layer, a
first barrier layer, a second plastic layer, and a second barrier
layer that are sequentially stacked. For example, the first and
second plastic layers may be formed of a material selected
from the group consisting of polyimide (PI), polyethylene
naphthalate (PEN), polyethylene terephthalate (PET), pol-
yarylate (PAR), Polycarbonate (PC), polyetherimide (PEI),
polyethersulfone (PS), and the like. The first and second
barrier layers may comprise silicon compounds such as
amorphous silicon (a-Si), silicon oxide (SiOx), silicon
nitride (SiNx), and the like.

[0070] The driving transistor TD may be disposed on the
base substrate 110. The driving transistor TD may include an
active pattern A, a first gate electrode GEI11, a source
electrode SE1, a drain electrode DE1 and a second gate
electrode GE12. For example, a first insulating layer 120
may be between the active pattern A and the second gate
electrode GE12 and may overlap the active pattern A, the
source electrode SE, and the drain electrode DE1. A gate
insulating layer 130 may be between the active pattern A and
the first gate electrode GE11.

[0071] The active pattern A may be formed of polysilicon
or an oxide semiconductor. The oxide semiconductor may be
at least one selected from the group consisting of titanium
(Ti), hafnium (Hf), zirconium (Zr), aluminum (Al), tantalum
(Ta), germanium (Ge), zinc (Zn) Or an oxide based on
indium (In) and/or a composite oxide thereof. The composite
oxide may be at least one selected from the group consisting
of zinc oxide (ZnO), indium-gallium-zinc oxide (In-Ga—
Zn-0), indium-zine oxide (Zn—In—O0), zinc-Zr—O),
indium-gallium oxide (In—Ga—0), indium-tin oxide (In—
Sn—0), indium-zirconium oxide (In—(In—Zr—Ga—0),
indium-zirconium-tin oxide (In—7r—Sn—0), indium-zir-
conium-gallium oxide Aluminum oxide (In—Zn—A1—0),
indium-tin-aluminum oxide (In—Sn—Al—0), indium-alu-
minum-gallium oxide (In-Tantalum-tin oxide (In-Ta—Zn-
0), indium-tantalum-gallium oxide (In—Ta—Ga—O) Ger-
manium-gallium oxide (In—Ge—O0), indium-germanium-
zinc oxide (In—Ge—Zn—0), indium-germanium-tin
oxide-Ge—Ga—0), titanium-indivm-zine oxide (Ti—In—
Zn—0), hafhium-indium-zinc oxide (Hf—In—Zn—0).
[0072] The active pattern A may include a source region
AS, a channel region AC, and a drain region AD, and the
channel region AC. The active pattern A may be doped with
an N-type impurity or a P-type impurity. The source region
AS and the drain region AD may be spaced apart via the
channel region AC and may be doped with an impurity of the
opposite type to the doped impurity in the channel region
AC.

[0073] The channel of the driving transistor TD may be
defined by the channel region AC. The channel length of the
driving transistor TD may be designed to be about 3 um or
less as the display panel has the high resolution.

[0074] The source electrode SE1 may be connected to the
source region AS through a first contact hole formed in a
second insulating layer 140. The drain electrode DE1 may
be connected to the drain region AD through a second
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contact hole formed in the second insulating layer 140. The
second gate electrode GE12 may overlap the active pattern
A and may be disposed below the active pattern A.

[0075] The second voltage line VI.2 may be connected to
the second gate electrode GE2, which is a fourth terminal of
the driving transistor TD, through a third contact hole
formed in the first and second insulating layers 120 and 140.
The second voltage line VL2 may be applied an independent
bias voltage Vb. The independent bias voltage Vb may be
applied to the second gate electrode GE2. According to the
voltage level of the independent bias voltage Vb, the thresh-
old voltage Vth of the driving transistor TD, the sub-
threshold voltage slope SS, and the mobility Mob may be
controlled or adjusted.

[0076] According to one exemplary embodiment, the driv-
ing voltage range VD _range of the driving transistor TD
may be about 3 V, and the threshold voltage Vth may be
about -5 V to about 5V, so that the independent bias voltage
Vb may be about -7 V to about 6V.

[0077] The capacitor CST may include a first electrode
CEl, a second electrode CE2 overlapping the first electrode
CEl, and the second insulating layer 140 interposed
between the first and second electrodes CE1 and CE2. For
example, the first electrode CE1 of the capacitor CST may
be formed of the same metal layer as the first gate electrode
GE11 of the driving transistor TD. The second electrode
CE2 of the capacitor CST may be formed of a same metal
layer as the source and drain electrodes CE1 and DE1 of the
driving transistor TD.

[0078] The organic light emitting diode OLED may
include an anode electrode E1, an organic light emitting
layer OL, and a cathode electrode E2. For example, the
anode electrode E1 may be connected to the drain electrode
DE1 of the driving transistor TD through a fourth contact
hole. At least one of the anode electrode E1 and the cathode
electrode E2 of the organic light emitting diode OLED may
be any one of a light transmitting electrode, a light reflecting
electrode, and a light semipermeable electrode. The light
emitted from the organic light emitting layer OLED may be
transmitted through the anode electrode E1 or toward the
cathode electrode E2.

[0079] FIG. 5 illustrates a current-voltage (I-V) character-
istic curve of a four-terminal transistor according to one
exemplary embodiment. FIG. 6 illustrates experimental data
of an independent bias voltage and a driving voltage range
of a four-terminal transistor according to one exemplary
embodiment.

[0080] Referring to FIGS. 3, 5 and 6, according to one
exemplary embodiment, the driving transistor TD having the
four independent terminals may include a channel including
an oxide semiconductor, e.g., indium-germanium-zinc oxide
(In—Ge—7Zn—0), a first gate electrode GE11 on the chan-
nel, a source electrode SE1, a drain electrode DE1, and a
second gate electrode GE12 below the channel. The driving
transistor TD may have a channel length of about 2.5 um.
[0081] The drain electrode DE1 of the driving transistor
TD may receive a drain voltage Vd of about 5.1 V according
to the first emission power supply voltage ELVDD. An
independent bias voltage Vb may be applied to the second
gate electrode GE12 of the driving transistor TD.

[0082] For example, referring to FIG. 6, in a first condi-
tion, when the independent bias voltage Vb of about -7 V is
applied to the second gate electrode GE 12 of the driving
transistor TD, the turn-on current lon of the driving transis-
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tor TD may be about 2.20E-06 A (i.e., about 2.2 pA), the
threshold voltage Vth may be about 4.71 V, the driving
voltage range VD_range may be about 4.69 V, and the
sub-threshold voltage slope SS may be about 0.20 V/dec,
and the mobility Mob may be about 1.73 cm?/V's.

[0083] In a second condition, when an independent bias
voltage Vb of about -5 V may be applied to the second gate
electrode GE12 of the driving transistor TD, the turn-on
current Ion of the driving transistor TD may be about
2.98E-06 A (i.e., about 2.98 nuA), the threshold voltage Vth
may be about 3.51 V, the driving voltage range VD_range
may be about 4.21 V, the sub-threshold voltage slope SS
may be about 0.16 Videc, and the mobility Mob may be
about 2.04 cm*/ Vs,

[0084] In a third condition, when an independent bias
voltage Vb of about 1 V is applied to the second gate
electrode GE12 of the driving transistor TD, the turn-on
current Ion of the driving transistor TD may be about
5.65E-06 A (i.e., about 5.65 pA), the threshold voltage Vth
may be about 0.11 V, the driving voltage range VD_range
may be about 3.08 V, the sub-threshold voltage slope SS
may be about 0.15 V/dec, and the mobility Mob may be
about 3.85 cm*/V-s.

[0085] In a fourth condition, when an independent bias
voltage Vb of about 6 V is applied to the second gate
electrode GE12 of the driving transistor TD, the turn-on
current Ion of the driving transistor TD may be about
7.91E-06 A, the threshold voltage Vth may be about -2.67
V, the driving voltage range VD_range may be about 2.63 V
and the sub-threshold voltage slope SS may be about (.14
V/dec, and the mobility Mob may be about 5.23 cm*/V's.

[0086] As illustrated in FIG. 6, the driving voltage range
VD_range of the driving transistor TD may be increased as
the voltage level of the independent bias voltage Vb
decreases. For example, when the independent bias voltage
Vb is about -15V, the driving voltage range VD_range may
be fully extended to about 7.37 V. In contrast, when the
voltage level of the independent bias voltage Vb is low, the
threshold voltage Vth of the driving transistor TD has a high
voltage level.

[0087] As shown in FIG. 5, as the independent bias
voltage Vb of the driving transistor TD decrease toward the
negative polarity (=), the threshold voltage Vth of the
driving transistor TD may be increased toward the positive
polarity (+). As the independent bias voltage Vb increases
toward the positive polarity (+), the threshold voltage Vth
may be decreased toward the negative polarity (-). As the
independent bias voltage Vb decreases, the driving voltage
range VD_range may be increased.

[0088] When the driving transistor TD is driven for a long
time, the threshold voltage Vth of the driving transistor TD
may be shifted. The shifted threshold voltage Vth may be
compensated through various compensation algorithms. The
threshold voltage compensation may be difficult when the
threshold voltage Vth of the driving transistor TD is preset
to a voltage level too high or preset to a voltage level too
low. Thus, the voltage level of the threshold voltage Vth may
be preset to about +5 V to about -5 V in consideration of the
threshold voltage compensation.

[0089] As described above, the voltage level of the inde-
pendent bias voltage Vb may be preset in consideration of
the voltage level of the threshold voltage Vth within a range
in which the driving voltage range VD_range may be
obtained to about 3V.
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[0090] According to one exemplary embodiment, the volt-
age level of the independent bias voltage Vb may be preset
to about =7 V to about 6 V in consideration of the threshold
voltage Vth and the driving voltage range DR. When the
voltage level of the independent bias voltage Vb is about =7
V to about 6 V, the driving voltage range VD_range may
have about 4.69 V to about 2.63 V, and the voltage level of
the threshold voltage Vth may have about 4.71 V to about
2.67V.
[0091] According to one exemplary embodiment, the driv-
ing voltage range of the driving transistor may be about 2 V
or more to about 5 V or less. The threshold voltage of the
driving transistor may be about -5 V to about 5 V. The
sub-threshold voltage slope of the driving transistor may be
about 0.11 V/dec to about 0.21 V/dec.
[0092] According to exemplary embodiments of the pres-
ent invention, the driving transistor with a channel length of
less than 3 pm may include four independent terminals and
may achieve the driving voltage range VD_range of about 3
V by applying an independent bias voltage Vb of about -7
V to about 6 V to a fourth terminal (e.g., a second gate
terminal) of the driving transistor. Thus, when the channel
length of the driving transistor is short in the organic light
emitting display device having a high resolution, an appro-
priate driving voltage range may be obtained by the inde-
pendent bias voltage Vb to improve the display quality.
Therefore, although the channel length of the driving tran-
sistor is short in an organic light emitting display device
having a high resolution, a sufficient driving voltage range
may be obtained to improve the display quality.
[0093] Exemplary embodiments may be applied to a dis-
play device and an electronic device having the display
device. For example, exemplary embodiments may be
applied to a computer monitor, a laptop, a digital camera, a
cellular phone, a smart phone, a smart pad, a television, a
personal digital assistant (PDA), a portable multimedia
player (PMP), a MP3 player, a navigation system, a game
console, a video phone, etc.
[0094] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.
What is claimed is:
1. An organic light emitting display device comprising:
a display panel including a plurality of pixel circuits, each
pixel circuit including a driving transistor having four
independent terminals, the four independent terminals
including first and second gate electrodes, and an
organic light emitting diode to emit a light according to
a driving current generated from the driving transistor;
a source driving circuit to provide a data voltage to the
plurality of pixel circuits such that a gate voltage
corresponding to the data voltage is applied to the first
gate electrode of the driving transistor; and
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a voltage generator to apply an independent bias voltage
to the second gate electrode of the driving transistor, the
independent bias voltage for controlling a driving volt-
age range of the driving transistor, wherein:

a channel length of the driving transistor is about 3 pum or
less, and

avoltage level of the independent bias voltage is about -7
V to about 6 V.

2. The organic light emitting display device as claimed in
claim 1, wherein the driving transistor further includes a
drain electrode to receive a first emission power supply
voltage and a source electrode connected to the organic light
emitting diode.

3. The organic light emitting display device as claimed in
claim 1, wherein the driving voltage range of the driving
transistor is a range of gate voltages corresponding to data
voltages corresponding to a middle grayscale and higher
grayscales.

4. The organic light emitting display device as claimed in
claim 1, wherein the driving voltage range of the driving
transistor is about 2 V or more to about 5 V or less.

5. The organic light emitting display device as claimed in
claim 1, wherein the driving voltage range of the driving
transistor is about =5 V to about 5 V.

6. The organic light emitting display device as claimed in
claim 1, wherein a sub-threshold voltage slope of the driving
transistor is about 0.11 V/dec to about 0.21 V/dec.

7. The organic light emitting display device as claimed in
claim 1, wherein:

each pixel circuit further includes a switching transistor
and a capacitor,

the switching transistor includes a gate electrode con-
nected to a scan line, a source electrode connected to a
data line, and a drain electrode connected to the first
gate electrode of the driving transistor, and

the capacitor includes a first electrode connected to the
first gate electrode of the driving transistor and a
second electrode to receive a first emission power
supply voltage.

8. The organic light emitting display device as claimed in

claim 1, wherein:

the display panel includes a base substrate, an active
pattern of the driving transistor, and a voltage line to
transfer the independent bias voltage,

the first gate electrode overlaps a channel region of the
active pattern and is on the active pattern,

the second gate electrode is on the base substrate, is under
the channel region, and is connected to the voltage line,
and

the active pattern includes an oxide semiconductor, over-
laps the second gate electrode, and is on the second gate
electrode, and wherein

the active pattern is between the first and second gate
electrodes.

9. A method of driving an organic light emitting display
device including a plurality of pixel circuits, each pixel
circuit including an organic light emitting diode and a
driving transistor having four independent terminals to drive
the organic light emitting diode, the four independent ter-
minals including first and second gate electrodes, the
method comprising:

applying a gate voltage corresponding to a data voltage to
the first gate electrode of the driving transistor;
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applying an independent bias voltage to the second gate
electrode of the driving transistor to control a driving
voltage range of the driving transistor; and

applying a driving current based on the gate voltage to the

organic light emitting diode, wherein:

a channel length of the driving transistor is about 3 pm or

less, and

a voltage level of the independent bias voltage is about -7

V to about 6 V.

10. The method as claimed in claim 9, wherein the driving
transistor further includes a drain electrode to receive a first
emission power supply voltage and a source electrode
connected to the organic light emitting diode.

11. The method as claimed in claim 9, wherein the driving
voltage range of the driving transistor is about 2 V or more
to about 5 V or less.

12. The method as claimed in claim 9, wherein the driving
voltage range of the driving transistor is about -5 V to about
5V.

13. The method as claimed in claim 9, wherein a sub-
threshold voltage slope of the driving transistor is about 0.11
V/dec to about 0.21 V/dec.

14. The method as claimed in claim 9, further comprising:

applying the gate voltage corresponding to the data volt-

age to the first gate electrode of the driving transistor in
response to a scan signal;

storing the gate voltage of the first gate electrode in a

capacitor; and

applying a driving current to the organic light emitting

diode based on a voltage stored in the capacitor by the
driving transistor.

15. The method as claimed in claim 9, wherein the
independent bias voltage is applied through a voltage line
connected to the second gate electrode of the driving tran-
sistor.

16. A pixel unit comprising:

an organic light emitting diode to emit a light correspond-

ing to a data voltage of a grayscale; and
a pixel circuit to drive the organic light emitting diode
according to the data voltage of the grayscale, the pixel
circuit including a driving transistor having four inde-
pendent terminals, the four independent terminals
including first and second gate electrodes, wherein:

the driving transistor generates a driving current accord-
ing to a first gate voltage of the first gate electrode of
the driving transistor corresponding to the data voltage
of the grayscale and supplies the driving current to the
organic light emitting diode, and

a driving voltage range of the driving transistor is con-

trolled by a second gate voltage of the second gate
electrode of the driving transistor, the second gate
voltage of the second gate electrode of the driving
transistor being charged with an independent bias volt-
age.

17. The pixel unit as claimed in claim 16, wherein the
driving voltage range of the driving transistor is a range of
first gate voltages of the driving transistor corresponding to
data voltages of a middle grayscale and higher grayscales.

18. The pixel unit as claimed in claim 16, wherein the
driving voltage range of the driving transistor is about 2 V
or more to about 5 V or less.

19. The pixel unit as claimed in claim 16, wherein the
driving voltage range of the driving transistor is about -5 V
to about 5 V.
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20. The pixel unit as claimed in claim 16, wherein a
sub-threshold voltage slope of the driving transistor is about
0.11 V/dec to about 0.21 V/dec.
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