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) ABSTRACT

An organic electroluminescent display device includes an
organic electroluminescent diode receiving a driving voltage
and a first ground voltage; first and second driving thin film
transistors for providing a driving current to the organic elec-
troluminescent diode, each of the first and second driving thin
film transistors receiving one of the driving voltage and the
first ground voltage; a first switching thin film transistor
receiving a data voltage and switched by an nth scan signal to
output the data voltage; a second switching thin film transistor
switched by a current providing signal to provide the one of
the driving voltage and the first ground voltage to the second
driving thin film transistor; a third switching thin film tran-
sistor receiving a second ground voltage and switched by a
selection signal to output the second ground voltage to an
output terminal of the first switching thin film transistor; a
fourth switching thin film transistor disposed among an out-
put terminal of the second switching thin film transistor, a
gate terminal of the first driving thin film transistor and a gate
terminal of the second driving thin film transistor and
switched by the selection signal; and a first capacitor disposed
among the output terminal of the first switching thin film
transistor, the gate terminal of the first driving thin film tran-
sistor and the gate terminal of the second driving thin film

transistor, wherein “n” is a positive integer.

6 Claims, 10 Drawing Sheets
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

The present application claims the benefit of Korean Patent
Application No. 10-2008-0113712 filed in Korea on Nov. 15,
2008, which is hereby incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic electrolumines-
cent display (OELD) device, and more particularly, to an
OELD device being capable of displaying an image of uni-
form brightness and a method of driving the OELD.

2. Background for the Related Art

The liquid crystal display (LCD) device requires a light
source therein because it is non-emission type display device.
The OELD device is introduced to overcome this disadvan-
tage of an active matrix type liquid crystal display device. In
the OELD device, an organic luminescent layer is exited to
emit light. The OELD device is driven by a relatively low
voltage and has a thin profile.

FIG. 1 is a circuit diagram showing a pixel of an active
matrix type OELD device according to the related art. As
shown in FIG. 1, two transistors and one capacitor are dis-
posed in the pixel. The OELD device includes a scanning line
“S”, a data line “D”, a switching thin film transistor (TFT)
“SW?, a capacitor “C”, a driving TFT “DR” and an organic
electroluminescent diode “E” on a substrate. For example,
each of the switching and driving TFTs “SW” and “DR” may
be an NMOS type TFT.

A gate of the switching TFT “SW” is connected to the
scanning line, and a source of the switching TFT “SW” is
connected to the data line “D”. One end of the capacitor “C”
is connected to a drain of the switching TFT “SW”, and a
ground voltage “VSS” is applied to the other end of the
capacitor “C”.

A source of the driving TFT “DR” is connected to a power
line. A driving voltage “VDD” is applied to the drain of the
driving TFT “DR” through the power line. A drain of the
driving TFT “DR” is connected to an electrode of the organic
electroluminescent diode “E”. A gate of the driving TFT
“DR” is connected to the drain of the switching TFT “SW”.

A driving principle of the device shown in FIG. 1 is
explained with FIG. 2. FIG. 2 is a timing chart of signals in an
OELD device according to the related art. When an nth scan
signal “S(n)” of a high voltage “Vgh” is applied to the switch-
ing TFT “SW” through the scanning line S, the switching TFT
“SW” is turned on. The scan signal “S(n)” is generated from
a gate driving integrated circuit (IC) (not shown). The high
scan signal “Vgh” is a positive voltage. The scan signal “S(n)”
is pulsed from a low voltage “Vgl” to the high voltage “Vgh™.

When the switching TFT “SW” is turned on, a data voltage
“Vdata” is applied to the capacitor “C” through the data line
“D” and the switching TFT “SW such that an electric charge
is charged in the capacitor “C”. Since a channel of the driving
TFT “DR” is an NMOS type, the data voltage is positive.
Amount of an electric current passes through the channel of
the driving TFT “DR” depends upon a potential difference
between a charged voltage of the capacitor “C” and the driv-
ing voltage “VDD”. Brightness of light from the organic
electroluminescent diode “E” is determined by the amount of
an electric current passing through the channel of the driving
TFT “DR”.
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Unfortunately, the driving TFT “DR” in each pixel has a
deviation in an electric property such that each pixel has
different brightness in the same condition. In a panel using a
low temperature poly-silicon type backplane, there is a devia-
tion of an electric property in the driving TFTs “DR” because
of an excimer laser annealing process for the low temperature
poly-silicon. Accordingly, even if the same voltage is applied
to the driving TFT “DR” in each pixel, there are differences in
amounts of an electric current passing through the channel of
the driving TFT “DR” such that brightness uniformity of
images on the OELD device is deteriorated.

On the other hand, in a panel using an amorphous silicon
type backplane, there is thermal degradation in the driving
TFTs “DR” when the driving TFTs “DR” are driven. Each
driving TFT “DR” in the pixels has a difference in the thermal
degradation such that brightness uniformity of images on the
OELD device is deteriorated.

Referring to FIG. 3, which is a graph showing deviation of
an electric current on an organic electroluminescent diode
with respect to a voltage on a driving TFT in the related art
OELD, an electric current on the organic electroluminescent
diode “E” (of FIG. 1) in one pixel is different from that in
another pixel because of deviation in an electric property of
the driving TFT “DR” (in FIG. 1). As a result, even if each
pixel is driven under the same condition, each pixel displays
an image having a difference in brightness such that bright-
ness uniformity is deteriorated. For example, afterimages or a
stain is generated on the image panel.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an organic
electroluminescent display (OELD) device and a method of
driving the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

An object of the present invention is to provide an OELD
device including driving TFTs having an uniform electric
property and being capable of displaying an image having
uniform brightness.

Another object of the present invention is to provide a
method of driving an OELD device being capable of mini-
mizing deviation in an electric property of driving TFTs.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, an organic electroluminescent display
device includes an organic electroluminescent diode receiv-
ing a driving voltage and a first ground voltage; first and
second driving thin film transistors for providing a driving
current to the organic electroluminescent diode, each of the
first and second driving thin film transistors receiving one of
the driving voltage and the first ground voltage; a first switch-
ing thin film transistor receiving a data voltage and switched
by an nth scan signal to output the data voltage; a second
switching thin film transistor switched by a current providing
signal to provide the one of the driving voltage and the first
ground voltage to the second driving thin film transistor; a
third switching thin film transistor receiving a second ground
voltage and switched by a selection signal to output the sec-
ond ground voltage to an output terminal of the first switching
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thin film transistor; a fourth switching thin film transistor
disposed among an output terminal of the second switching
thin film transistor, a gate terminal of the first driving thin film
transistor and a gate terminal of the second driving thin film
transistor and switched by the selection signal; and a first
capacitor disposed among the output terminal of the first
switching thin film transistor, the gate terminal of the first
driving thin film transistor and the gate terminal of the second
driving thin film transistor, wherein “n” is a positive integer.

In another aspect, a method of driving an organic electrolu-
minescent display device including an organic electrolumi-
nescent diode receiving a driving voltage and a first ground
voltage, first and second driving thin film transistors for pro-
viding a driving current to the organic electroluminescent
diode, each of the first and second driving thin film transistors
receiving one of the driving voltage and the first ground
voltage, a first switching thin film transistor receiving a data
voltage and switched by an nth scan signal to output the data
voltage, a second switching thin film transistor switched by a
current providing signal to provide the one of the driving
voltage and the first ground voltage to the second driving thin
film transistor, a third switching thin film transistor receiving
a second ground voltage and switched by a selection signal to
output the second ground voltage to an output terminal of the
first switching thin film transistor, a fourth switching thin film
transistor disposed among an output terminal of the second
switching thin film transistor, a gate terminal of the first
driving thin film transistor and a gate terminal of the second
driving thin film transistor and switched by the selection
signal, a first capacitor disposed among the output terminal of
the first switching thin film transistor, the gate terminal of the
first driving thin film transistor and the gate terminal of the
second driving thin film transistor and a second capacitor
disposed between a source terminal of the second driving thin
film transistor and the gate terminal of the second driving thin
film transistor, wherein “n” is a positive integer, includes
switching the first switching thin film transistor to be turned
off and the second to fourth switching thin film transistors to
be turned on such that the one of the driving voltage and the
first ground voltage is provided into the first and second
capacitors; switching the third and fourth switching thin film
transistors to be turned on and the second switching thin film
transistor to be turned off such that wherein a threshold volt-
age of the second driving thin film transistor is charged in
each of the first and second capacitors; switching the first
switching thin film transistor to be turned on and providing
the data voltage into the second capacitor through the first
switching thin film transistor, wherein the third and fourth
switching thin film transistors are switched to be turned off;
and switching the second switching thin film transistor to be
turned on and the first switching thin film transistor to be
turned off such that the organic electroluminescent diode
emits a light using the driving voltage and the first ground
voltage.

In another aspect, a method of driving an organic electrolu-
minescent display device including an organic electrolumi-
nescent diode receiving a driving voltage and a first ground
voltage, first and second driving thin film transistors for pro-
viding a driving current to the organic electroluminescent
diode, each of the first and second driving thin film transistors
receiving one of the driving voltage and the first ground
voltage, a first switching thin film transistor receiving a data
voltage and switched by an nth scan signal to output the data
voltage, a second switching thin film transistor switched by a
current providing signal to provide the one of the driving
voltage and the first ground voltage to the second driving thin
film transistor, a third switching thin film transistor receiving
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a second ground voltage and switched by a selection signal to
output the second ground voltage to an output terminal of the
first switching thin film transistor, a fourth switching thin film
transistor disposed among an output terminal of the second
switching thin film transistor, a gate terminal of the first
driving thin film transistor and a gate terminal of the second
driving thin film transistor and switched by the selection
signal, a first capacitor disposed among the output terminal of
the first switching thin film transistor, the gate terminal of the
first driving thin film transistor and the gate terminal of the
second driving thin film transistor and a second capacitor
disposed between a source terminal of the third switching thin
film transistor and the gate terminal of the third switching thin
film transistor, wherein “n” is a positive integer, includes
switching the first switching thin film transistor to be turned
off and the second to fourth switching thin film transistors to
be turned on such that the one of the driving voltage and the
first ground voltage is provided into the first and second
capacitors; switching the third and fourth switching thin film
transistors to be turned on and the second switching thin film
transistor to be turned off such that wherein a threshold volt-
age of the second driving thin film transistor is charged in the
first capacitor; switching the first switching thin film transis-
tor to be turned on and providing the data voltage into the
second capacitor through the first switching thin film transis-
tor, wherein the third and fourth switching thin film transis-
tors are switched to be turned off; and switching the second
switching thin film transistor to be turned on and the first
switching thin film transistor to be turned off such that the
organic electroluminescent diode emits a light using the driv-
ing voltage and the first ground voltage.

In another aspect, a method of driving an organic electrolu-
minescent display device including an organic electrolumi-
nescent diode receiving a driving voltage and a first ground
voltage, first and second driving thin film transistors for pro-
viding a driving current to the organic electroluminescent
diode, each of the first and second driving thin film transistors
receiving one of the driving voltage and the first ground
voltage, a first switching thin film transistor receiving a data
voltage and switched by an nth scan signal to output the data
voltage, a second switching thin film transistor switched by a
current providing signal to provide the one of the driving
voltage and the first ground voltage to the second driving thin
film transistor, a third switching thin film transistor receiving
a second ground voltage and switched by a selection signal to
output the second ground voltage to an output terminal of the
first switching thin film transistor, a fourth switching thin film
transistor disposed among an output terminal of the second
switching thin film transistor, a gate terminal of the first
driving thin film transistor and a gate terminal of the second
driving thin film transistor and switched by the selection
signal, a fifth switching thin film transistor receiving an initial
voltage and switched by an initializing signal to output the
initial voltage into the gate terminal of the first driving thin
film transistor and the gate terminal of the second driving thin
film transistor, a first capacitor disposed among the output
terminal of the first switching thin film transistor, the gate
terminal of the first driving thin film transistor and the gate
terminal of the second driving thin film transistor, and a
second capacitor disposed between a source terminal of the
third switching thin film transistor and the gate terminal of the
third switching thin film transistor, wherein “n” is a positive
integer, includes switching the fifth switching thin film tran-
sistor to be turned on such that the initial voltage ofa low level
is provided into the gate terminal of the first and second
driving thin film transistors; providing the initial voltage of a
high level into the gate terminal of the first and second driving



US 8,547,305 B2

5

thin film transistors with the fifth switching thin film transis-
tor to be turned on; switching the third and fourth switching
thin film transistor to be turned on and the first and second
switching thin film transistors to be turned off such that a
threshold voltage of the second driving thin film transistor is
charged in each of the first and second capacitors; switching
the first switching thin film transistor to be turned on and
providing the data voltage into the second capacitor through
the first switching thin film transistor, wherein the third and
fourth switching thin film transistors are switched to be
turned off; and switching the second switching thin film tran-
sistor to be turned on and the first switching thin film transis-
tor to be turned off such that the organic electroluminescent
diode emits a light using the driving voltage and the first
ground voltage.

In another aspect, a method of driving an organic electrolu-
minescent display device including an organic electrolumi-
nescent diode receiving a driving voltage and a first ground
voltage, first and second driving thin film transistors for pro-
viding a driving current to the organic electroluminescent
diode, each of the first and second driving thin film transistors
receiving one of the driving voltage and the first ground
voltage, a first switching thin film transistor receiving a data
voltage and switched by an nth scan signal to output the data
voltage, a second switching thin film transistor switched by a
current providing signal to provide the one of the driving
voltage and the first ground voltage to the second driving thin
film transistor, a third switching thin film transistor receiving
a second ground voltage and switched by a selection signal to
output the second ground voltage to an output terminal of the
first switching thin film transistor, a fourth switching thin film
transistor disposed among an output terminal of the second
switching thin film transistor, a gate terminal of the first
driving thin film transistor and a gate terminal of the second
driving thin film transistor and switched by the selection
signal, a fifth switching thin film transistor receiving an initial
voltage and switched by an initializing signal to output the
initial voltage into the gate terminal of the first driving thin
film transistor and the gate terminal of the second driving thin
film transistor, a first capacitor disposed among the output
terminal of the first switching thin film transistor, the gate
terminal of the first driving thin film transistor and the gate
terminal of the second driving thin film transistor, and a
second capacitor disposed between a source terminal of the
third switching thin film transistor and the gate terminal of the
third switching thin film transistor, wherein “n” is a positive
integer, includes switching the fifth switching thin film tran-
sistor to be turned on such that the initial voltage ofa low level
is provided into the gate terminal of the first and second
driving thin film transistors; switching the second to fourth
switching thin film transistors to be turned on and the first and
fifth switching thin film transistors to be turned off such that
the driving voltage is provided into the first and second
capacitors; switching the third and fourth switching thin film
transistors to be turned on and the first, second and fifth
switching thin film transistors to be turned off such that a
threshold voltage of the second driving thin film transistor is
charged in each of the first and second capacitors; switching
the first switching thin film transistor to be turned on and
providing the data voltage into the second capacitor through
the first switching thin film transistor, wherein the third and
fourth switching thin film transistors are switched to be
turned off; and switching the second switching thin film tran-
sistor to be turned on and the first switching thin film transis-
tor to be turned off such that the organic electroluminescent
diode emits a light using the driving voltage and the first
ground voltage.
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It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a circuit diagram showing a pixel of an active
matrix type OELD device according to the related art;

FIG. 2 is a timing chart of signals in an OELD device
according to the related art;

FIG. 3 is a graph showing deviation of an electric current
on an organic electroluminescent diode with respect to a
voltage on a driving TFT in the related art OELD;

FIG. 4 is a circuit diagram showing a pixel of an OELD
device according to a first embodiment of the present inven-
tion;

FIG. 5is a timing chart for illustrating a driving principle of
an OELD device according to the first embodiment of the
present invention;

FIG. 6 is a circuit diagram showing a pixel of an OELD
device according to a second embodiment of the present
invention;

FIG. 7 is a circuit diagram showing a pixel of an OELD
device according to a third embodiment of the present inven-
tion;

FIG. 8 is a timing chart for illustrating a first driving prin-
ciple of an OELD device according to the third embodiment
of the present invention;

FIG. 9 is a timing chart for illustrating a second driving
principle of an OELD device according to the third embodi-
ment of the present invention;

FIG. 10 is a circuit diagram showing a pixel of an OELD
device according to a fourth embodiment of the present inven-
tion;

FIG. 11 is a circuit diagram showing a pixel of an OELD
device according to a fifth embodiment of the present inven-
tion; and

FIG. 12 is a circuit diagram showing a pixel of an OELD
device according to a sixth embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings.

In the related art OELD device, a driving electric current
(Ie) of the organic electroluminescent diode is evaluated by
following equation 1.

Te=(Y5)*1w* Cox* (W/L)Y*(Vgs—Vih)?, [1]
wherein 1 is a mobility, Cox is capacitance, (W/L) is a ratio
of'a width of the channel of the driving TFT to a length of the
channel of the driving TFT, Vgs is a voltage difference
between the gate terminal and the source terminal of the
driving TFT, and Vth is a threshold voltage of the driving TFT.

In the above equation, the threshold voltage (Vth) has a
strongly effect on the driving electric current (Ie) because of
a square dimension. Accordingly, the present invention
intends to remove an effect of the threshold voltage (Vth) on
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the driving electric current (Ile) to minimize deviation in the
electric property of the driving TFT.

FIG. 4 is a circuit diagram showing a pixel of an OELD
device according to a first embodiment of the present inven-
tion. In FIG. 4, an OELD includes an organic electrolumines-
cent diode “E”, first to fourth switching TFTs “S17, “S2”,
“S83” and “S4”, first and second driving TFTs “D1” and “D2”,
and first and second capacitors “Cst1” and “Cst2” in each
pixel. A channel of each of the first to fourth switching TFTs
“S81” to “S4” and the first and second driving TFTs “D1” and
“D2” may be an NMOS type. Depending on requirements, a
channel of each of the first to fourth switching TFTs “S1” to
“S4” and the first and second driving TFTs “D1” and “D2”
may be a PMOS type.

The organic electroluminescent diode “E” is connected to
a source terminal of the first driving TFT “D1” and a source
terminal of the second driving TFT “D2” such that a driving
electric current Ie is applied to the organic electroluminescent
diode “E”. The first and second driving TFTs “D1” and “D2”
have the same properties and are electrically connected to
each other in parallel. A driving voltage “VDD” is applied to
a drain terminal of each of the first and second driving TFTs
“D1” and “D2”.

The first switching TFT “S1” receives a data voltage
“Vdata” through a data line and an nth scan signal “scan(n)”
through a scanning line. “n” is a positive integer. The first
switching TFT “S1” is switched by the nth scan signal “scan
(n)” and output the data voltage “Vdata”.

The second switching TFT “S2” is disposed between a
drain terminal of the first driving TFT “D1” and a drain
terminal of the second driving TFT “D2”. The second switch-
ing TFT “S2” is switched by a current providing signal “cs”
for providing the driving voltage “VDD” to the second driv-
ing TFT “D2”.

The third switching TFT “S3” receives a first ground volt-
age “GND” and is switched by a selection signal “sel” for
providing the first ground voltage “GND” to an output termi-
nal of the first driving TFT “S1”. To reduce a number of
signals, an (n-1)th scan signal may be used for the selection
signal “sel”. The first ground voltage “GND” may be used for
a second ground voltage “VSS”.

The fourth switching TFT “S4” is disposed among (con-
nected to) an output terminal of the second switching TFT
“S82”, the gate terminal of the second driving TFT “D2” and
the gate terminal of the first driving TFT “D1” and switched
by the selection signal “sel”.

The first capacitor “Cst1” is disposed among the output
terminal of the first switching TFT “S1”, the gate terminal of
the first driving TFT “D1” and the gate terminal of the second
driving TFT “D2”, and the second capacitor “Cst2” is dis-
posed between the source terminal of the second driving TFT
“D2” and the gate terminal of the second driving TFT “D2”.
A parasitic capacitance generated between the gate terminal
and the source terminal of the first driving TFT “D1” or
between the gate terminal and the source terminal of the
second driving TFT “D2” may be used as the second capaci-
tor “Cst2”. In this case, the second capacitor “Cst2” does not
require forming a capacitor element.

FIG. 5 is a timing chart for illustrating a driving principle of
an OELD device according to the first embodiment of the
present invention. FIG. 5 shows the selection signal “sel”, the
nth scan signal “scan(n)”, the data voltage “Vdata”, the volt-
age difference between the gate terminal and the source ter-
minal of the second driving TFT “D2”. There is an initializing
interval “Tc” where the current providing signal “cs” and the
selection signal “sel” are changed to be a high level in a first
period “@” which is an emission step in a previous frame.
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Accordingly, in the initializing interval “Tc”, each of the
second to fourth switching TFTs “S2” to “S4” are turned on,
and the driving voltage “VDD” is applied to the first capacitor
“Cst1” and the second capacitor “Cst2”. The driving voltage
“VDD” applied during the initializing interval “Tc” is used
for measuring the threshold voltage (Vth) of the second driv-
ing TFT “D2”.

In a second period @ for measuring (or sensing) the
threshold voltage (Vth) of the second driving TFT “D2”, the
current providing signal “cs” is changed to be a low level,
while the selection signal “sel” maintains as the high level.
Accordingly, in the second period “@”, the second switching
TFT “S2” is turned off, while the third and fourth switching
TFTs “S3” and “S4” maintain as the turned on state. In
addition, the threshold voltage (Vth) of the second driving
TFT “D2” is stored in each of the first and second capacitors
“Cstl” and “Cst2”.

Next, in a third period “@”, the selection signal “sel” is
changed to be a low level, while the nth scan signal “scan(n)”
is changed to be a high level. Accordingly, the first switching
TFT “S1” is turned on, while the second to fourth switching
TFTs “S2” to “S4” are switched to be turned off. In addition,
the data voltage “Vdata” passes through the first switching
TFT “S1” such that the data voltage “Vdata” is charged in the
second capacitor “Cst2” through the first capacitor “Cst1”. As
a result, the second capacitor “Cst2” has a state of (Vdata—
GND+Vth). The voltage difference between the gate terminal
and the source terminal of the second driving TFT “D2” (Vgs)
is calculated by following equations.

o=c*r,
Q1+Q2=0(total),

C1*Vih+C2*(Vdata— GND+Vik)=(C1+C2)* Vgs.

Q1 is electric charge of the first capacitor “Cst1”, and Q2 is
electric charge of the second capacitor “Cst2”. C1 is capaci-
tance of the first capacitor “Cst1”, and C2 is capacitance of the
second capacitor “Cst2”.

Accordingly, Vgs is represented by following equation 2.

(2]

By the above equations 1 and 2, the driving electric current
(Ie) is evaluated by following equation 3.

Vgs={C2/(C1+C2)}*(Vdata-GND)+Vih

Ie:(lézg*u* Cox*(W/LY*[{C2/(C1+C2)}* (Vdata~GND)
(3]
There is no threshold voltage (Vth) in the above equation 3.
Namely, the threshold voltage (Vth) of the driving TFT has no
effect to the driving electric current (Ie) for driving the
organic electroluminescent diode. In the present invention,
since deviation in an electric property of the first and second
driving TFTs “D1” and “D2” during a fabricating process or
a driving process, is minimized, a driving electric current (Ie)
is uniformly applied to the organic electroluminescent diode.
In a third period “@”, the first driving TFT “D1” is turned
on by a voltage in the second capacitor “Cst2” such that an
electric current is applied to the organic electroluminescent
diode “E”. In a fourth period “@”, which is an emission
period of a present frame, after the third period “@”, the
current providing signal “cs” only has a high level such that
the second switching TFT “S2” is only switched to be turned
on. Accordingly, the organic electroluminescent diode “E” in
the fourth period “@” receives electric currents through the
first and second driving TFTs “D1” and “D2”, which are
respectively turned on because of voltages in the first and
second capacitors “Cst1” and “Cst2” such that light is emitted
from the organic electroluminescent diode “E”.
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FIG. 6 is a circuit diagram showing a pixel of an OELD
device according to a second embodiment of the present
invention. With compared to the OELD device according to
the first embodiment, the OELD device in FIG. 6 has the only
difference in a position of a second capacitor “Cst2”. In the
second embodiment, to minimize an effect of a leakage cur-
rent from each of first and third switching TFTs “S1” and
“S83”, the second capacitor “Cst2” is positioned between a
source terminal of the third switching TFT “S3” and a drain
terminal of the third switching TFT “S3”.

A driving principle of the OELD device according to the
second embodiment can be explained with reference to FIG.
5. With compared to a driving principle of the OELD device
according to the first embodiment, a threshold voltage (Vth)
of a second driving TFT “D2” is charged in a first capacitor
“Cstl”, not a second capacitor “Cst2” in a second period

FIG. 7 is a circuit diagram showing a pixel of an OELD
device according to a third embodiment of the present inven-
tion. With compared to the OELD device according to the
second embodiment in FIG. 6, the OELD device according to
the third embodiment in FIG. 7 further includes a fifth switch-
ing TFT “S5”.

Aninitial voltage “Vinit” is applied to a gate terminal of the
fifth switching TFT “S5”, and the fifth switching TFT “S5”is
switched by an initializing signal “Sinit” to output the initial
voltage “Vinit” into each of the gate terminal of the first and
second driving TFTs “D1” and “D2”.

The initial voltage “Vinit” is provided to compensate a
fluctuating part of a threshold voltage which results from a
change of an electric property of the first and second driving
TFTs “D1” and “D2”. The initial voltage “Vinit” is applied
before a measuring step of the threshold voltage (Vth) such
that a voltage difference “Vgs” between the gate terminal and
the source terminal of the first driving TFT “D1” and the gate
terminal and the source terminal of the second driving TFT
“D2” becomes below 0 voltage. In other word, a curve of the
threshold voltage’s property is initialized by applying the
initial voltage “Vinit”.

FIG. 8 is a timing chart for illustrating a first driving prin-
ciple of an OELD device according to the third embodiment
of the present invention, and FIG. 9 is a timing chart for
illustrating a second driving principle of an OELD device
according to the third embodiment of the present invention.
FIGS. 8 and 9 show a current providing signal “cs”, a selec-
tion signal “sel”, an nth scan signal “scan(n)”, a data voltage
“Vdata”, an initializing signal “Sinit” and an initial voltage
“Vinit”.

Referring to FIG. 8, a negative voltage is provided in a
second frame @’ after in a first period “@” which is an
emission step in a previous frame. The second frame “@”
may be referred to as a negative voltage applying step “NDI”.
The initializing signal “Sinit” is applied to be a high level,
while the current providing signal “cs”, the selection signal
“sel” and the nth scan signal “scan(n)” are applied to be a low
level. As a result, the fifth switching TFT “S5” will be
switched to be turned on such that the initial voltage “Vinit”
of the low level is applied to the gate terminal of the first and
second driving TFTs “D1” and “D2” as described below. In
this case, the initial voltage “Vinit” is negative such that the
threshold voltage (Vth) of the first and second driving TFTs
“D1” and “D2”, which is changed during the previous frame,
is initialized. When the first and second driving TFTs “D1”
and “D2” are MMOS type, the initial voltage “Vinit” is equal
to or smaller than a voltage of the source terminal of the first
and second driving TFTs “D1” and “D2”. Meanwhile, when
the first and second driving TFTs “D1” and “D2” are PMOS
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type, the initial voltage “Vinit” is equal to or greater than a
voltage of the source terminal of the first and second driving
TFTs “D1” and “D2”.

Next, in a third period “@” which is for initializing the
threshold voltage (Vth) of the first and second driving TFTs
“D1” and “D2”, the only initializing signal “Sinit” has the
high level such that the only fifth switching TFT “S5” has a
turned on state. The initial voltage is shift to be a high level
and applied to the gate terminal of the first and second driving
TFTs “D1” and “D2”. The initial voltage “Vinit” is applied
for measuring the threshold voltage (Vth) of the second driv-
ing TFT “D2”.

Next, in a fourth period “@” for measuring the threshold
voltage (Vth) of the first and second driving TFTs “D1” and
“D2”, the initializing signal “Sinit” is changed to be a low
level such that the fifth switching TFT “S5” is switched to be
turned off. A driving principle from the fourth period “(4)” to
a sixth period “@”, which is an emission step, is same as a
driving principle from the second period “@” to the fourth
period “@” in FIG. 5. Accordingly, the explanation for these
periods is omitted.

FIG. 9 is a timing chart for illustrating a second driving
principle of an OELD device according to the third embodi-
ment of the present invention. In FIG. 9, a negative voltage is
provided in a second frame “(2)” after in a first period “(1)”
which is an emission step in a previous frame. The second
frame “@” may be referred to as a negative voltage applying
step “NDI”. The initializing signal “Sinit” is applied to be a
high level, while the current providing signal “cs”, the selec-
tion signal “sel” and the nth scan signal “scan(n)” are applied
to be a low level.

As a result, the fifth switching TFT “S5” will be switched
to be turned on such that the initial voltage “Vinit” of the low
level is applied to the gate terminal of the first and second
driving TFTs “D1” and “D2” as described below. In this case,
the initial voltage “Vinit” is negative such that the threshold
voltage (Vth) of the first and second driving TFTs “D1” and
“D2”, which is changed during the previous frame, is initial-
ized.

Next, in a third period @ which is for initializing the
threshold voltage (Vth) of the first and second driving TFTs
“D1” and “D2”, the current providing signal “cs” and the
selection signal “sel” are provided as a high level, while other
signals, for example, the nth scan signal “scan(n)” and the
initializing signal “Sinit”, are provided as a low level. Accord-
ingly, the second to fourth switching TFTs “D2” to “D4” are
switched to be turned on, while the first and fifth switching
TFTs “S1” and “S5” are switched to be turned off. As a result,
a driving voltage “VDD” is applied to the first and second
capacitor “Cstl” and “Cst2” for measuring (or sensing) a
threshold voltage of the second driving TFT “D2”.

A driving principle from the fourth period “@” to a sixth
period @, which is an emission step, is same as a driving
principle from the second period “@” to the fourth period
“@” in FIG. 5. Accordingly, the explanation for these peri-
ods is omitted.

Inthe OELD device according to the third embodiment, an
effect of the threshold voltage of the driving TFT on a driving
electric current (Ie) is excluded such that deviation of an
electric property of the first and second driving TFTs in the
OELD device resulting from the threshold voltage is
improved. In addition, since the voltage difference “Vgs”
between the gate terminal and the source terminal of each of
the first and second driving TFT's becomes a negative voltage
(below 0 voltage) by applying the initial voltage “Vinit” to the
first and second driving TFTs before a Vth sensing step, a
fluctuating part in the threshold voltage of the first and second
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driving TFTs is compensated before the Vth sensing step.
Accordingly, deviation of an electric property of the first and
second driving TFTs in the OELD device during a driving
process is minimized.

FIG. 10 is a circuit diagram showing a pixel of an OELD
device according to a fourth embodiment of the present inven-
tion, FIG. 11 is a circuit diagram showing a pixel of an OELD
device according to a fifth embodiment of the present inven-
tion, and FIG. 12 is a circuit diagram showing a pixel of an
OELD device according to a sixth embodiment of the present
invention. With respectively compared to the OELD device
according to the first to third embodiments, there is a differ-
ence in a position of an organic electroluminescent diode “E”
in the OELD device according to the fourth to sixth embodi-
ments.

In more detail, the organic electroluminescent diode “E” is
disposed between the driving voltage “VDD” and the drain
terminal “D” of the first driving TFT “D1” such that the
driving voltage “VDD” is applied to an anode of the organic
electroluminescent diode “E”. Other driving principles are
substantially same as the driving principles of the OELD
device according to the first to third embodiments.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

‘What is claimed is:

1. An organic electroluminescent display device, compris-
ing:

an organic electroluminescent diode receiving a driving
voltage and a ground voltage;

first and second driving thin film transistors for providing a
driving current to the organic electroluminescent diode,
each of the first and second driving thin film transistors
receiving one of the driving voltage and the ground
voltage;

afirst switching thin film transistor receiving a data voltage
and switched by an nth scan signal to output the data
voltage;

a second switching thin film transistor switched by a cur-
rent providing signal to provide the driving voltage to the
second driving thin film transistor;

a third switching thin film transistor receiving the ground
voltage and switched by a selection signal to output the
ground voltage to an output terminal of the first switch-
ing thin film transistor;

a fourth switching thin film transistor disposed among an
output terminal of the second switching thin film tran-
sistor, a gate terminal of the first driving thin film tran-
sistor and a gate terminal of the second driving thin film
transistor and switched by the selection signal, wherein
the fourth switching thin film transistor is connected
between a gate terminal of the second driving thin film
transistor and the drain terminal of the second driving
thin film transistor; and

a first capacitor disposed among the output terminal of the
first switching thin film transistor, the gate terminal of
the first driving thin film transistor and the gate terminal
of the second driving thin film transistor, wherein one
electrode of the first capacitor is connected to the output
terminal of the first switching thin film transistor and
another electrode of the first capacitor is connected to
the gate terminal of the first driving thin film transistor;
and
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a second capacitor disposed between a source terminal of
the second driving thin film transistor and the gate ter-
minal of the second driving thin film transistor;

wherein “n” is a positive integer,

wherein the drain terminal of the first driving thin film
transistor is connected directly to a first line providing
the driving voltage and a drain terminal of the second
driving thin film transistor is connected to the first line
through the second switching thin film transistor,

wherein the second switching thin film transistor is dis-
posed between the drain terminal of the first driving thin
film transistor and the drain terminal of the second driv-
ing thin film transistor,

wherein a source terminal of the first driving thin film
transistor is connected directly to an anode of the organic
electroluminescent diode,

wherein a cathode of the organic electroluminescent diode
is connected directly to a second line providing the
ground voltage, and

wherein one electrode of the second capacitor is commonly
connected to the gate terminal of the first driving thin
film transistor and the gate terminal of the second driv-
ing thin film transistor and another electrode of the sec-
ond capacitor is commonly connected to the source ter-
minal of the first driving thin film transistor, the source
terminal of the second driving thin film transistor and the
anode of the organic electroluminescent diode.

2. The device according to claim 1, wherein the first and
second driving thin film transistors are electrically connected
in parallel and switched by the same signal.

3. The device according to claim 1, wherein the selection
signal is an (n-1)th scan signal.

4. A method of driving an organic electroluminescent dis-
play device including an organic electroluminescent diode
receiving a driving voltage and a ground voltage, first and
second driving thin film transistors for providing a driving
current to the organic electroluminescent diode, each of the
first and second driving thin film transistors receiving one of
the driving voltage and the ground voltage, a first switching
thin film transistor receiving a data voltage and switched by
an nth scan signal to output the data voltage, a second switch-
ing thin film transistor switched by a current providing signal
to provide the driving voltage to the second driving thin film
transistor, a third switching thin film transistor receiving the
ground voltage and switched by a selection signal to output
the ground voltage to an output terminal of the first switching
thin film transistor, a fourth switching thin film transistor
disposed among an output terminal of the second switching
thin film transistor, wherein the fourth switching thin film
transistor is connected between a gate terminal of the second
driving thin film transistor and the drain terminal of the sec-
ond driving thin film transistor, a gate terminal of the first
driving thin film transistor and a gate terminal of the second
driving thin film transistor and switched by the selection
signal, a first capacitor disposed among the output terminal of
the first switching thin film transistor, the gate terminal of the
first driving thin film transistor and the gate terminal of the
second driving thin film transistor, wherein one electrode of
the first capacitor is connected to the output terminal of the
first switching thin film transistor; and another electrode of
the first capacitor is connected to the gate terminal of the first
driving thin film transistor and a second capacitor disposed
between a source terminal of the second driving thin film
transistor and the gate terminal of the second driving thin film
transistor, wherein “n” is a positive integer, wherein a drain
terminal of the first driving thin film transistor is connected
directly to a first line providing the driving voltage and a drain
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terminal of the second driving thin film transistor is connected
to the first line through the second switching thin film tran-
sistor, wherein the second switching thin film transistor is
disposed between the drain terminal of the first driving thin
film transistor and the drain terminal of the second driving
thin film transistor, wherein a source terminal of the first
driving thin film transistor is connected directly to an anode of
the organic electroluminescent diode, wherein a cathode of
the organic electroluminescent diode is connected directly to

a second line providing the ground voltage, and wherein one 10

electrode of the second capacitor is commonly connected to
the gate terminal of the first driving thin film transistor and the
gate terminal of the second driving thin film transistor and
another electrode of the second capacitor is commonly con-
nected to the source terminal of the first driving thin film
transistor, the source terminal of the second driving thin film
transistor and the anode of the organic electroluminescent
diode, comprising:

a first step of switching the first switching thin film tran-
sistor to be turned off and the second to fourth switching
thin film transistors to be turned on such that the one of
the driving voltage and the ground voltage is provided
into the first and second capacitors;

a second step of switching the third and fourth switching
thin film transistors to be turned on and the second
switching thin film transistor to be turned off such that a
threshold voltage of the second driving thin film transis-
tor is charged in each of the first and second capacitors;

a third step of switching the first switching thin film tran-
sistor to be turned on and providing the data voltage into
the second capacitor through the first switching thin film
transistor, wherein the third and fourth switching thin
film transistors are switched to be turned off; and

14

a fourth step of switching the second switching thin film
transistor to be turned on and the first switching thin film
transistor to be turned off such that the organic electrolu-
minescent diode emits a light using the driving voltage
and the ground voltage,

wherein the first to fourth steps are sequentially performed
without an intervening step.

5. The device according to claim 1, wherein the first to
fourth switching thin film transistors are driven for sequen-
tially repeated first to fourth periods without an intervening
period,

wherein the first switching thin film transistor is turned off
and the second to fourth switching thin film transistors
are turned on during the first period,

wherein the first and second switching thin film transistors
are turned off and the third and fourth switching thin film
transistors are turned on during the second period,

wherein the first switching thin film transistor is turned on
and the second to fourth switching thin film transistors
are turned off during the third period, and

wherein the first, third and fourth switching thin film tran-
sistors are turned off and the second thin film transistor
is turned on during the fourth period.

6. The method according to claim 4, wherein the first step
further comprises switching the first switching thin film tran-
sistor to be turned off,

wherein the third step further comprises switching the first
switching thin film transistor to be turned on, and

wherein the fourth step further comprises switching the
third and fourth switching thin film transistors to be
turned off.
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