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(57) ABSTRACT

An organic electro-luminescent display device according to
an embodiment includes a light emitting device in a pixel to
emit light in response to a current applied thereto; a data line
for providing a data voltage in a write period and a ramp
voltage in a display period; and a first switching device
connected to the light emitting device, the first switching
device being selectively turned on depending on a voltage
difference between the ramp voltage and the data voltage so
as to drive the light emitting device.
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ORGANIC ELECTRO-LUMINESCENT DISPLAY
DEVICE AND METHOD FOR DRIVING THE
SAME

[0001] This Nonprovisional Application claims priority
under 35 U.S.C. §119(a) on Patent Application No. 10-2005-
0022763 filed in Korea on Mar. 18, 2005, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic electro-
luminescent display device, and more particularly, to an
organic electro-luminescent display device and a method for
driving the same, wherein the high reliability can be main-
tained regardless of the variation in a threshold voltage of a
drive switching device, and the area of a pixel unit and
manufacturing cost can be reduced.

[0004] 2. Discussion of the Related Art

[0005] Recently, various flat panel display devices have
been developed to reduce weight and size which are disad-
vantages of a cathode ray tube device. These flat panel
display devices includes, for example, a liquid crystal dis-
play. a field emission display, a plasma display panel, an
electro-luminescent display, etc.

[0006] Research has been actively done for increasing the
display quality and screen of such flat panel display devices.
The electro-luminescent display, among them, is a sponta-
neous emission device that emits light by itself. This electro-
luminescent display displays a video image by electrically
exciting fluorescent material using carriers such as electrons
and holes. Such electro-luminescent displays are roughly
classified into an inorganic electro-luminescent display
device and an organic electro-luminescent display device
according to the type of materials used therein. The organic
electro-luminescent display device is driven at a low voltage
of about 5 to 20V. The organic electro-luminescent display
device can be driven at a low direct current (DC) voltage as
compared with the inorganic electro-luminescent display
device which requires a high drive voltage of 100 to 200V.
The organic electro-luminescent display device also has
superior characteristics such as a wide viewing angle, a
high-speed response, a high contrast ratio, etc., so that it can
be utilized as a pixel of a graphic display, or a pixel of a
television image display or surface light source. In addition,
because the organic electro-luminescent display device is
thin and light and can provide primary colors, it is suitable
as a next-generation flat panel display.

[0007] On the other hand, a passive matrix type driving
system having no separate thin film transistor is mainly used
as a driving system of the organic electro-luminescent
display device.

[0008] However, the passive matrix type driving system
has many limitations in resolution, power consumption,
lifetime, etc. For this reason, efforts have recently been made
to research and develop an active matrix type electro-
luminescent display device for fabrication of a next-genera-
tion display requiring a high resolution or large screen.

[0009] FIG. 1 is a circuit diagram showing one pixel
structure of a conventional active matrix type organic elec-
tro-luminescent display device.

1. Field of the Invention
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[0010] The one pixel structure of the conventional active
matrix type organic electro-luminescent display device com-
prises, as shown in FIG. 1, a gate line GL arranged in one
direction, a data line DL arranged perpendicularly to the gate
line GL, an organic light emitting device (OLED) formed in
a pixel defined by the gate line GL and the data line DL, a
voltage supply line 110 for supplying a DC voltage to the
anode of the OLED, a first NMOS transistor Trl having a
gate terminal connected to the gate line GL and a drain
terminal connected to the data line DL, a second NMOS
transistor Tr2 having a gate terminal connected to the source
terminal of the first NMOS transistor Trl, a drain terminal
connected to the cathode of the OLED and a source terminal
connected to a ground terminal, and a capacitor C connected
between the gate terminal and source terminal of the second
NMOS transistor Tr2.

[0011] The first NMOS transistor Trl is turned on in
response to a scan signal from the gate line GL to form a
current path between the source terminal and drain terminal
thereof. The first NMOS transistor Trl is also turned off
when the voltage on the gate line GL is lower than a
threshold voltage Vth thereof. During a turn-on time of the
first NMOS transistor Tr1, a data voltage from the data line
DL is applied to the gate terminal of the second NMOS
transistor Tr2 through the drain terminal of the first NMOS
transistor Trl. On the contrary, during a turn-off time of the
first NMOS transistor Trl, the current path between the
source terminal and drain terminal of the first NMOS
transistor Trl is opened, thereby causing the data voltage not
to be applied to the gate terminal of the second NMOS
transistor Tr2.

[0012] The second NMOS transistor Tr2 adjusts the
amount of current flowing between the source terminal and
drain terminal thereof according to the level of the data
voltage applied to the gate terminal thereof to actuate the
OLED so0 as to emit light of an intensity corresponding to the
data voltage.

[0013] The capacitor C sustains the data voltage applied to
the gate terminal of the second NMOS transistor Tr2 con-
stantly for a period of one frame. The capacitor C also
sustains current applied to the OLED constantly for the
period of one frame.

[0014] Meanwhile, the data voltage applied to the gate
terminal of the second NMOS transistor Tr2 has a constant
polarity (positive polarity), and the source terminal of the
second NMOS transistor Tr2 is connected to the ground
terminal. As a result, the gate-source voltage of the second
NMOS transistor Tr2 has the positive polarity, resulting in a
problem in that the threshold voltage of the second NMOS
transistor Tr2 rises continuously toward one polarity (posi-
tive polarity). The rising of the threshold voltage of the
second NMOS transistor Tr2 causes a reduction in the
amount of the current supplied to the OLED and, in turn, a
reduction in brightness of the OLED, which leads to a
degradation in image quality.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to an
organic electro-luminescent display device and a method for
driving the same that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.
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[0016] An object of the present invention is to provide an
organic electro-luminescent display device and a method for
driving the same, wherein the threshold voltage of a switch-
ing device for driving an organic light emitting device is
stored, and then offset and removed by the threshold voltage
of the switching device in a display period, so that the high
reliability can be maintained regardless of the variation in
the threshold voltage of the switching device resulting from
a deterioration of the switching device.

[0017] Additional advantages. objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0018] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein. an organic electro-lumi-
nescent display device comprises: a light emitting device in
a pixel to emit light in response to a current applied thereto;,
a data line for providing a data voltage in a write period and
a ramp voltage in a display period; and a first switching
device connected to the light emitting device, the first
switching device being selectively turned on depending on
a voltage difference between the ramp voltage and the data
voltage so as to drive the light emitting device.

[0019] In another aspect of the present invention, there is
provided a method for driving an organic electro-lumines-
cent display device, including: supplying a data voltage via
a data line during a write period to charge a capacitor
between the data line and a first switching device; supplying
a ramp voltage via the data line during a display period; and
selectively turning on the first switching device depending
on a voltage difference between the ramp voltage and the
data voltage so as to drive the light emitting device.

[0020] In another aspect of the present invention, an
organic electro-luminescent display device comprises: a
light emitting device in a pixel to emit light in response to
a current applied thereto; a first switching device connected
to the light emitting device for driving the light emitting
device; a data line for providing a data voltage in a write
period and a ramp voltage in a display period; and a
capacitor connected to and between the data line and a gate
terminal of the first switching device.

[0021] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0023] FIG. 1 is a circuit diagram showing one pixel
structure of a conventional active matrix type organic elec-
tro-luminescent display device;
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[0024] FIG. 2 is a circuit diagram showing an equivalent
circuit of one pixel in an organic electro-luminescent display
device according to a first embodiment of the present
invention;

[0025] FIG. 3 is a circuit diagram illustrating operation
characteristics of the first NMOS transistor in FIG. 2;

[0026] FIG. 4 is a graph illustrating an input voltage to
output voltage characteristic curve and the threshold voltage
of the first NMOS transistor of FIG. 3;

[0027] FIG. 5is atiming diagram of various signals which
are applied to the circuit of FIG. 2;

[0028] FIG. 6A is an equivalent circuit diagram of the
circuit of FIG. 2 in the first period;

[0029] FIG. 6B is an equivalent circuit diagram of the
circuit of FIG. 2 in the second period;

[0030] FIG. 6C is an equivalent circuit diagram of the
circuit of FIG. 2 in the third period;

[0031] FIG. 6D is an equivalent circuit diagram of the
circuit of FIG. 2 in a display period,;

[0032] FIG. 7 is a circuit diagram showing an equivalent
circuit of one pixel in an organic electro-luminescent display
device according to a second embodiment of the present
invention;

[0033] FIG. 8 is a detailed diagram of a voltage generator
in FIG. 7,
[0034] FIG.9is atiming diagram of various signals which

are applied to the circuit of FIG. 7,

[0035] FIG. 10A is an equivalent circuit diagram of the
circuit of FIG. 7 in the first period;

[0036] FIG. 10B is an equivalent circuit diagram of the
circuit of FIG. 7 in the second period; and

[0037] FIG. 10C is an equivalent circuit diagram of the
circuit of FIG. 7 in a display period.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0039] An organic electro-luminescent display device
according to a first embodiment of the present invention will
hereinafter be described in detail with reference to the
annexed drawings. It should be noted that although the
organic electro-luminescent display device using NMOS
transistors is used to illustrate the embodiments, the present
invention can also apply to the organic electro-luminescent
display device using other transistors such as PMOS tran-
sistors or other types of transistors.

[0040] FIG. 2 is a circuit diagram showing an equivalent
circuit of one pixel in the organic electro-luminescent dis-
play device according to the first embodiment of the present
invention.

[0041] The one pixel structure of the organic electro-
luminescent display device according to the first embodi-
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ment of the present invention comprises, as shown in FIG.
2, an organic light emitting device (OLED) for emitting light
in response to a current applied thereto, a first scan line SL1
for transferring a first scan pulse S1 from a gate driver (not
shown), a second scan line SL.2 for transferring a second
scan pulse S2 from the gate driver, a data line DL for
transferring a data voltage Vd and a ramp voltage Vramp
from a data driver (not shown), a first NMOS transistor Trl
for applying the current to the OLED depending on the level
of the data voltage Vd from the data line DL, and a second
NMOS transistor Tr2 connected between the gate terminal
of the first NMOS transistor Trl and the cathode of the
OLED. The second NMOS transistor Tr2 is turned on in
response to the first scan pulse S1 from the first scan line
SL1 to form a short circuit between the gate terminal of the
first NMOS transistor Tr1 and the cathode of the OLED. The
one pixel structure of the organic electro-luminescent dis-
play device according to the first embodiment of the present
invention further comprises a third NMOS transistor Tr3
connected between the drain terminal of the first NMOS
transistor Trl and the cathode of the OLED and turned on in
response to the second scan pulse S2 from the second scan
line SL2 to form a short circuit between the drain terminal
of the first NMOS transistor Trl and the cathode of the
OLED, a voltage supply line 210 connected to the anode of
the OLED for supplying a voltage VDD to the OLED, and
a capacitor C connected between the gate terminal of the first
NMOS transistor Trl and the data line DL.

[0042] A detailed description will hereinafter be given of
the operation of the organic electro-luminescent display
device with the above-stated configuration according to the
first embodiment of the present invention.

[0043] FIG. 3 is a circuit diagram illustrating operation
characteristics of the first NMOS transistor Trl in FIG. 2,
and FIG. 4 is a graph illustrating an input voltage to output
voltage characteristic curve and threshold voltage of the first
NMOS transistor Trl of FIG. 3.

[0044] The circuit of FIG. 2 can be re-expressed in a
circuit form in which a load, or an OLED, is connected to the
drain terminal of the first NMOS transistor Trl, as shown in
FIG. 3. In this case, due to the connection of the OLED to
the drain terminal of the first NMOS transistor Trl, the
higher an input voltage Vin to the gate terminal of the first
NMOS transistor Trl, the lower an output voltage Vout from
the drain terminal of the first NMOS transistor Trl.

[0045] In other words, when the input voltage Vin is
applied to the gate terminal of the first NMOS transistor Tr1,
the first NMOS transistor Tr1 is turned on, thereby causing
the current to flow between the drain terminal and source
terminal of the first NMOS transistor Trl. As a result, the
voltage VDD is divided and distributed to the OLED and the
drain terminal-source terminal of the first NMOS transistor
Trl. At this time, because the OLED, connected between the
drain terminal of the first NMOS transistor Trl and a voltage
generator (not shown) outputting the voltage VDD, has a
resistance set to be larger than the internal resistance of the
first NMOS transistor Trl, the voltage VDD is distributed
more to the OLED. Consequently, the higher the input
voltage Vin, the lower the output voltage Vout from the first
NMOS transistor Trl (i.e., from the drain terminal of the first
NMOS transistor Trl).

[0046] Hence, the input voltage Vin to output voltage Vout
characteristic curve, denoted by the reference numeral 401,
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of the first NMOS transistor Trl exhibits an inverter char-
acteristic where the input voltage Vin and the output voltage
Vout have an inverse proportional relationship, as shown in
FIG. 4.

[0047] The operation of one pixel in the organic electro-
luminescent display device according to the first embodi-
ment of the present invention will hereinafter be described
in detail on the basis of this principle.

[0048] FIG. 5 is a timing diagram of the various signals
which are applied to the circuit of FIG. 2, and FIG. 6A is
an equivalent circuit diagram of the circuit of FIG. 2 in the
first period T1.

[0049] First, in the first period T1, both the first scan pulse
S1 and second scan pulse S2 remain high, as shown in FIG.
5. The data voltage Vd from the data driver also begins to be
applied to the data line DL.

[0050] As a result, in the first period T1, both the second
and third NMOS transistors Tr2 and Tr3 in FIG. 2 remain
on. The circuit configuration in the first period T1 where the
second and third NMOS transistors Tr2 and Tr3 remain on
can be equivalently re-expressed as shown in FIG. 6A.

[0051] That is, as shown in FIG. 6A, each of the turned-on
second and third NMOS ftransistors Tr2 and Tr3 can be
expressed in the form of a short circuit. Thus, the first
NMOS transistor Trl can be expressed in the form of a diode
as a short circuit is formed between the gate terminal and
drain terminal thereof.

[0052] For this reason, the gate terminal and drain termi-
nal of the first NMOS transistor Trl have the same voltage.
In other words, the gate terminal of the first NMOS tran-
sistor Trl signifies an input terminal to which the input
voltage Vin is applied, and the drain terminal of the first
NMOS transistor Trl signifies an output terminal from
which the output voltage Vout is outputted. As shown in
FIG. 4, the input voltage Vin and the output voltage Vout
can be expressed as a straight line 402 as they are maintained
at the same value. At this time, a voltage value at a point at
which the straight line 402 and the curve 401 cross each
other signifies a voltage value applied to the gate terminal
and drain terminal of the first NMOS transistor Trl.

[0053] Here, the voltage applied to the gate terminal and
drain terminal of the first NMOS transistor Trl becomes
equal to a threshold voltage Vth of the first NMOS transistor
Trl in the end. As a result, the threshold voltage Vth of the
first NMOS transistor Trl is applied to a first node a via
which the gate terminal of the first NMOS transistor Trl and
the capacitor are connected with each other.

[0054] Meanwhile, in the first period T1, the data voltage
Vd applied to the data line DL is applied to a second node
b to which the data line DL and the capacitor C are
connected in common. Hence, the threshold value Vth and
the data voltage Vd are applied to both ends of the capacitor
C, respectively, thereby causing a voltage difference
Vd-Vth between the data voltage Vd and the threshold
voltage Vth to be charged in the capacitor C.

[0055] In summary, in the first period T1, the voltage
difference Vd-Vth between the data voltage Vd and the
threshold voltage Vth of the first NMOS transistor Trl
charges the capacitor C.



US 2006/0208973 Al

[0056] Next, a description will hereinafter be given of the
operation of the circuit of FIG. 2 in the second period T2.

[0057] FIG. 6B is an equivalent circuit diagram of the
circuit of FIG. 2 in the second period T2.

[0058] Inthe second period T2, the first scan pulse S1 goes
low and the second scan pulse S2 still remains high, as
shown in FIG. 5.

[0059] As a result, the second NMOS ftransistor Tr2 in
FIG. 2 is turned off and the third NMOS transistor Tr3 in
FIG. 2 is turned on. The circuit configuration in the second
period T2 where the second NMOS transistor Tr2 is turned
off and the third NMOS transistor Tr3 is turned on can be
equivalently re-expressed as shown in FIG. 6B.

[0060] That is, as shown in FIG. 6B, the turned-on third
NMOS transistor Tr3 can be expressed in the form of a short
circuit.

[0061] Next, a description will hereinafter be given of the
operation of the circuit of FIG. 2 in the third period T3.

[0062] FIG. 6C is an equivalent circuit diagram of the
circuit of FIG. 2 in the third period T3.

[0063] In the third period T3, both the first scan pulse S1
and second scan pulse S2 remain low, as shown in FIG. 5.
As aresult, both the second and third NMOS transistors Tr2
and Tr3 in FIG. 2 remain off. The circuit configuration in the
third period T3 where the second and third NMOS transis-
tors Tr2 and Tr3 remain off can be equivalently re-expressed
as shown in FIG. 6C.

[0064] That is, as shown in FIG. 6C, both the turned-off
second and third NMOS ftransistors Tr2 and Tr3 can be
expressed in the form of an open circuit.

[0065] Here, in the second period T2 and third period T3,
the voltage difference Vd-Vth between the data voltage Vd
and the threshold voltage Vith, stored in the capacitor C, is
sustained. By sequentially turning off the second NMOS
transistor Tr2 and the third NMOS transistor Tr3 over the
two periods as stated above, it can minimize the effect of the
variation in the voltage Vd-Vth stored in the capacitor C.

[0066] The above-described first to third periods T1 to T3
correspond to a write period for charging and sustaining the
voltage difference Vd-Vth between the data voltage Vd and
the threshold voltage Vth in the capacitor C. In this write
period, the OLED emits no light. Of course, when the data
voltage Vd is high, the OLED may emit light in the first and
second periods T1 and T2. However, because the first and
second periods T1 and T2 are considerably short, the entire
screen may be considered to be displayed in black in those
periods.

[0067] Adisplay period is started subsequently to the write
period. A detailed description will hereinafter be given of the
operation of the circuit of FIG. 2 in the display period.

[0068] FIG. 6D is an equivalent circuit diagram of the
circuit of FIG. 2 in the display period.

[0069] In the display period, the OLED actually emits
light to display an image. In this period, the first scan pulse
S1 remains low and the second scan pulse S2 remains high.
Also in this period, the ramp voltage Vramp is outputted
from the data driver and then applied to the data line DL.
Namely, the data driver outputs the data voltage Vd in the
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above-stated write period, and the ramp voltage Vramp in
the subsequent display period.

[0070] Here, the data voltage Vd is a gray-scale voltage
representing the level of brightness of an image, which is a
DC voltage having a different value depending on the
brightness level of the image. The ramp voltage Vramp is a
time-varying voltage determining a turn-on time of the first
NMOS transistor Trl according to the level of the data
voltage Vd, which has the same value for all pixels.

[0071] In other words, the turn-on time of the first NMOS
transistor Trl depends on the level of the data voltage Vd,
and a sustain time of the current flowing between the drain
terminal and source terminal of the first NMOS transistor
Trl depends on the turn-on time of the first NMOS transistor
Trl, thereby controlling a light emission time of the OLED.
Consequently, the light emission time of the OLED is
determined according to the level of the data voltage Vd, and
the brightness level of the image is determined according to
the light emission time of the OLED.

[0072] The ramp voltage Vramp will hereinafter be
described in more detail.

[0073] The ramp voltage Vramp has a triangle waveform
that linearly increases to a peak voltage with time and
linearly decreases from the peak voltage with time upon
reaching the peak voltage, as shown in FIG. 5. The peak
voltage has the same level as that of the voltage VDD
supplied from the voltage supply line 210. That is, the ramp
voltage Vramp is a time-varying voltage that linearly
increases and decreases between a minimum voltage
(ground voltage) and a maximum voltage (voltage VDD)
with time.

[0074] A description will hereinafter be given of the
operation of the circuit of FIG. 2 in the case where the ramp
voltage Vramp is applied from the data line DL to the second
node b.

[0075] First, in the write period, the data voltage Vd is
applied to the second node b. Thereafter, in the display
period, the second node b is updated with the ramp voltage
Vramp. As a result, due to the voltage difference Vd-Vth
stored in the capacitor C, a voltage difference Vramp-(Vd-
Vth) between the ramp voltage Vramp applied to the second
node b and the voltage stored in the capacitor C is applied
to the first node a.

[0076] That is, the ramp voltage Vramp is sustained at the
second node b and the voltage difference Vramp-(Vd-Vth)
is sustained at the first node a.

[0077] At this time, when the ramp voltage Vramp applied
to the second node b in the display period is lower than the
data voltage Vd applied to the second node b in the write
period, the voltage Vramp-(Vd-Vth) at the first node a
becomes lower than the threshold voltage Vth of the first
NMOS transistor Trl.

[0078] Here, because the first node a signifies the gate
terminal of the first NMOS transistor Tr1, a voltage lower
than the threshold voltage Vth of the first NMOS transistor
Trl is applied to the gate terminal of the first NMOS
transistor Trl when the ramp voltage Vramp applied to the
second node b is lower than the data voltage Vd. As a result,
the first NMOS transistor Trl is turned off, thereby causing
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the OLED to emit no light. This period corresponds to the
fourth period T4 in the display period of FIG. 5.

[0079] Meanwhile, at the time that the ramp voltage
Vramp applied to the second node b becomes equal to the
data voltage Vd as it linearly increases with time, the voltage
Vramp-(Vd-Vth) at the first node a becomes equal to the
threshold voltage Vth of the first NMOS transistor Trl.

[0080] Here, because the first node a signifies the gate
terminal of the first NMOS transistor Trl as stated previ-
ously, a voltage equal to the threshold voltage Vth of the first
NMOS ftransistor Trl is applied to the gate terminal of the
first NMOS transistor Trl when the ramp voltage Vramp
applied to the second node b is equal to the data voltage Vd.
In this case, the first NMOS transistor Tr1 is turned on or off.
Thus, the OLED emits light or flickers. This period corre-
sponds to the boundary between the fourth period T4 and the
fifth period T5 in the display period of FIG. 5.

[0081] Thereafter, at the time that the ramp voltage Vramp
applied to the second node b becomes higher than the data
voltage Vd as it linearly increases with time, the voltage
Vramp-(Vd-Vth) at the first node a becomes higher than the
threshold voltage Vth of the first NMOS transistor Trl.

[0082] Here, because the first node a signifies the gate
terminal of the first NMOS transistor Trl as stated previ-
ously, a voltage higher than the threshold voltage Vth of the
first NMOS transistor Tr1 is applied to the gate terminal of
the first NMOS transistor Trl when the ramp voltage Vramp
applied to the second node b is higher than the data voltage
Vd. In this case, the first NMOS transistor Tr1 is turned on.
Thus, the OLED emits light so as to display a unit image at
the corresponding pixel. This period corresponds to the fifth
period T5 in the display period of FIG. 5.

[0083] Thereafter, at the time that the ramp voltage Vramp
applied to the second node b becomes equal to the data
voltage Vd again as it linearly decreases with time, the
voltage Vramp-(Vd-Vth) at the first node a again becomes
equal to the threshold voltage Vth of the first NMOS
transistor Trl as stated above. As a result, the OLED emits
light or flickers. This period corresponds to the boundary
between the fifth period T5 and a sixth period T6 in the
display period of FIG. 5.

[0084] Thereafter, at the time that the ramp voltage Vramp
applied to the second node b becomes lower than the data
voltage Vd as it linearly decreases with time, the voltage
Vramp-(Vd-Vth) at the first node a becomes lower than the
threshold voltage Vth of the first NMOS transistor Trl as
stated above. As a result, the OLED will not emit light. This
period corresponds to the sixth period T6 in the display
period of FIG. 5.

[0085] In this manner, the OLED emits light or flickers in
the display period. The longer the fifth period T5, namely,
the longer the light emission time of the OLED, the higher
the brightness of the OLED. On the contrary, the shorter the
fifth period T5, namely, the shorter the light emission time
of the OLED, the lower the brightness of the OLED.

[0086] This means that various gray scales can be
expressed by minutely dividing the light emission time of
the OLED.

[0087] Here, the length of the fifth period T5 is different
depending on the level of the data voltage Vd applied to the
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second node b. That is, if the data voltage Vd is higher, the
period in which the ramp voltage Vramp is higher than the
data voltage Vd is reduced. As a result, the length of the fifth
period T5 becomes shorter, resulting in a reduction in the
light emission time of the OLED. On the contrary, if the data
voltage Vd is lower, the period in which the ramp voltage
Vramp is higher than the data voltage Vd is increased. As a
result, the length of the fifth period T5 becomes longer,
resulting in an increase in the light emission time of the
OLED.

[0088] Meanwhile, in the present embodiment, the thresh-
old voltage Vth of the first NMOS transistor Trl is obtained
in the write period before the OLED emits light and then
subtracted from the data voltage Vd and the resulting value
is stored in the capacitor C. That is, information regarding
the threshold voltage Vth of the first NMOS transistor Tr1 is
stored in the capacitor C. The stored threshold voltage Vth
is offset and removed by the threshold voltage Vth of the first
NMOS transistor Trl in the subsequent display period.

[0089] In other words, as can be seen from the equation
representing the voltage Vramp-(Vd-Vth) at the first node
a in the display period, the threshold voltage Vth contained
in the voltage at the first node a is offset and removed by the
threshold voltage Vth of the first NMOS transistor Tr1 as it
is inputted to the gate terminal of the first NMOS transistor
Trl. Whether the first NMOS transistor Trl is turned on is
determined according to whether the remaining voltage,
namely, the voltage Vramp-Vd obtained by excluding the
threshold voltage Vth of the first NMOS transistor Trl from
the voltage Vramp—-(Vd-Vth) at the first node a, is positive
or negative in polarity. Here, the polarity of the voltage
Vramp-Vd with the exclusion of the threshold voltage Vth
will change depending on whether the ramp voltage Vramp
is higher or lower than the data voltage Vd.

[0090] Indetail, as can be seen from the equation, Vramp-
Vd, when the ramp voltage Vramp is higher than the data
voltage Vd, the voltage at the first node a is maintained at the
positive polarity, thereby causing the first NMOS transistor
Trl to be turned on. On the contrary, when the ramp voltage
Vramp is lower than the data voltage Vd, the voltage at the
first node a is maintained at the negative polarity, thereby
causing the first NMOS transistor Trl to be turned off.

[0091] Therefore, even though the threshold voltage Vth
of the first NMOS transistor Trl varies due to a deterioration
of the first NMOS transistor Trl, the organic electro-lumi-
nescent display device according to the first embodiment of
the present invention is not affected by such a variation. As
a result, the organic electro-luminescent display device
according to the first embodiment is normally driven even
though the threshold voltage Vth varies due to a deteriora-
tion of the first NMOS transistor Trl.

[0092] Next, a detailed description will be given of an
organic electro-luminescent display device according to a
second embodiment of the present.

[0093] FIG. 7 is a circuit diagram showing an equivalent
circuit of one pixel in the organic electro-luminescent dis-
play device according to the second embodiment of the
present invention, and FIG. 8 is a detailed diagram of a
voltage generator in FIG. 7.

[0094] The one pixel structure of the organic electro-
luminescent display device according to the second embodi-
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ment of the present invention comprises, as shown in FIG.
7, an organic light emitting device OLED for emitting light
in response to current applied thereto, a scan line SL for
transferring a scan pulse S from a gate driver, a data line DL
for transferring a data voltage Vd and ramp voltage Vramp
from a data driver, a first NMOS transistor Trl connected to
a cathode of the organic light emitting device, for applying
the current to the OLED for a different time depending on
the level of the data voltage Vd from the data line DL, and
a second NMOS transistor Tr2 connected between the gate
terminal and drain terminal of the first NMOS transistor Trl.
The second NMOS transistor Tr2 is turned on in response to
the scan pulse S from the scan line SL to form a short circuit
between the gate terminal and drain terminal of the first
NMOS transistor Trl. The one pixel structure of the organic
electro-luminescent display device according to the second
embodiment of the present invention further comprises a
voltage supply line 710 connected to an anode of the OLED
for supplying a voltage VDD to the OLED, a capacitor C
connected between the gate terminal of the first NMOS
transistor Tr1 and the data line DL, and a voltage generator
700 for selectively supplying the voltage VDD to the OLED.
The voltage generator 700 includes, as shown in FIG. 8, a
power supply 700a for receiving an external voltage VCC,
stepping it up or down to generate and output the voltage
VDD and driving voltages necessary to respective compo-
nents of the organic electro-luminescent display device, and
a controller 7005 for receiving the voltage VDD from the
power supply 700a and selectively supplying it to the OLED
at different time periods. The voltage generator 700 may also
be located separated from the pixel area. In this case, each
controller 7005 may be within each of the pixels to control
the supply of the voltage VDD to the corresponding OLED.

[0095] The pixel structure according to the second
embodiment is different from that according to the first
embodiment in that it does not include the third NMOS
transistor Tr3, and the second scan line SL.2 which transfers
the second scan pulse S2 for turning on the third NMOS
transistor Tr3. Therefore, the organic electro-luminescent
display device according to the second embodiment of the
present invention may further reduce the manufacturing cost
and the pixel area.

[0096] In order to enable this structure, the voltage gen-
erator 700 is provided to control the time of supply of the
voltage VDD to the OLED.

[0097] Tt should be noted here that the voltage VDD is of
a time-varying type in the second embodiment although, in
the first embodiment, it is of a time-unvarying type where it
is always constant in level with time.

[0098] A detailed description will hereinafter be given of
the operation of the organic electro-luminescent display
device with the above-stated configuration according to the
second embodiment of the present invention.

[0099] As stated previously, the circuit of FIG. 7 can be
re-expressed in a circuit form in which a load, or an OLED,
is connected to the drain terminal of the first NMOS tran-
sistor Trl (see FIG. 3). In this case, due to the connection
of the OLED to the drain terminal of the first NMOS
transistor Trl, the higher the input voltage to the gate
terminal of the first NMOS transistor Trl, the lower the
output voltage from the drain terminal of the first NMOS
transistor Trl.
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[0100] Therefore, the first NMOS transistor Trl in the
second embodiment is operated to exhibit the above-stated
inverter characteristic curve 401 shown in FIG. 4, similarly
to that in the first embodiment.

[0101] The operation of one pixel in the organic electro-
luminescent display device according to the second embodi-
ment of the present invention will hereinafter be described
in detail on the basis of this principle.

[0102] FIG. 9 is a timing diagram of the various signals
which are applied to the circuit of FIG. 7, and FIG. 10A is
an equivalent circuit diagram of the circuit of FIG. 7 in the
first period T1.

[0103] First, in the first period T1, both the scan pulse S
and voltage VDD remain high, as shown in FIG. 9. The data
voltage Vd from the data driver also begins to be applied to
the data line DL.

[0104] As a result, in the first period T1, the second
NMOS transistor Tr2 in FIG. 7 remains on. The circuit
configuration in the first period T1 where the second NMOS
transistor Tr2 remains on can be equivalently re-expressed
as shown in FIG. 10A.

[0105] That is, as shown in FIG. 10A, the turned-on
second NMOS transistor Tr2 can be expressed in the form of
a short circuit. Thus, the first NMOS transistor Trl can be
expressed in the form of a diode as a short circuit is formed
between the gate terminal and drain terminal thereof.

[0106] For this reason, the gate terminal and drain termi-
nal of the first NMOS transistor Trl have the same voltage.
In other words, the gate terminal of the first NMOS tran-
sistor Trl signifies an input terminal to which the input
voltage is applied, and the drain terminal of the first NMOS
transistor Trl signifies an output terminal from which the
output voltage is outputted. As shown in FIG. 4, the input
voltage Vin and the output voltage Vout can be expressed as
a straight line 402 as they are maintained at the same value.
At this time, a voltage value at a point at which the straight
line 402 and the characteristic curve 401 of the first NMOS
transistor Trl cross each other signifies a voltage value
applied to the gate terminal and drain terminal of the first
NMOS transistor Trl.

[0107] Here, the voltage applied to the gate terminal and
drain terminal of the first NMOS transistor Trl becomes
equal to a threshold voltage Vth of the first NMOS transistor
Trl in the end. As a result, the threshold voltage Vth of the
first NMOS transistor Trl is applied to a first node a via
which the gate terminal of the first NMOS transistor Tr1 and
the capacitor are connected with each other.

[0108] On the other hand, in the first period T1, the data
voltage Vd applied to the data line DL is applied to a second
node b to which the data line DL and the capacitor C are
connected in common. Hence, the threshold value Vth and
the data voltage Vd are applied to both ends of the capacitor
C, respectively, thereby causing a voltage difference
Vd-Vth between the data voltage Vd and the threshold
voltage Vth to be charged in the capacitor C.

[0109] In summary. in the first period T1, the voltage
difference Vd-Vth between the data voltage Vd and the
threshold voltage Vth is stored in the capacitor C.

[0110] Next, a description will hereinafter be given of the
operation of the circuit of FIG. 7 in the second period T2.
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[0111] FIG. 10B is an equivalent circuit diagram of the
circuit of FIG. 7 in the second period T2.

[0112] In the second period T2, the scan pulse S goes low
and the supply of the voltage VDD is blocked, as shown in
FIG. 9.

[0113] As a result, the second NMOS transistor Tr2 in
FIG. 7 is turned off. As the supply of the voltage VDD is
blocked, the voltage supply line 710 supplying the voltage
VDD and the OLED can be expressed to be disconnected
from each other.

[0114] The circuit configuration in the second period T2
where the second NMOS transistor Tr2 is turned off and the
supply of the voltage VDD is blocked can be equivalently
re-expressed as shown in FIG. 10B.

[0115] In this manner, in the second period T2, the voltage
difference Vd-Vth between the data voltage Vd and the
threshold voltage Vth, stored in the capacitor C, is sustained.

[0116] The above-described first and second periods T1
and T2 correspond to a write period for charging and
sustaining the voltage difference Vd-Vth between the data
voltage Vd and the threshold voltage Vth in the capacitor C.
In this write period, the OLED emits no light. Of course,
when the data voltage Vd is high, the OLED may emit light
in the first period T1. However, because the first period T1
is considerably short, the entire screen may be considered to
be displayed in black in that period.

[0117] A display period starts subsequently to the write
period. A detailed description will hereinafter be given of the
operation of the circuit of FIG. 7 in the display period.

[0118] FIG. 10C is an equivalent circuit diagram of the
circuit of FIG. 7 in the display period.

[0119] In the display period, the OLED actually emits
light to display an image. In this period, the scan pulse S
remains low and the supply of the voltage VDD is resumed.
Also in this period, the ramp voltage Vramp is outputted
from the data driver and then applied to the data line DL.
Namely, the data driver outputs the data voltage Vd in the
above-stated write period, and the ramp voltage Vramp in
the subsequent display period.

[0120] The data voltage Vd and ramp voltage Vramp are
the same as those in the first embodiment and a description
thereof will thus be omitted.

[0121] A description will hereinafter be given of the
operation of the circuit of FIG. 7 in the case where the ramp
voltage Vramp is applied from the data line DL to the second
node b.

[0122] First, in the write period, the data voltage Vd is
applied to the second node b. Thereafter, in the display
period, the second node b is updated with the ramp voltage
Vramp. As a result, due to the voltage difference Vd-Vth
stored in the capacitor C, a voltage difference Vramp-(Vd-
Vth) between the ramp voltage Vramp applied to the second
node b and the voltage Vd-Vth stored in the capacitor C is
applied to the first node a.

[0123] That is, the ramp voltage Vramp is sustained at the
second node b and the voltage difference Vramp-(Vd-Vth)
is sustained at the first node a.
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[0124] At this time, when the ramp voltage Vramp applied
to the second node b in the display period is lower than the
data voltage Vd applied to the second node b in the write
period, the voltage Vramp-(Vd-Vth) at the first node a
becomes lower than the threshold voltage Vth of the first
NMOS transistor Trl. Here, because the first node a signifies
the gate terminal of the first NMOS transistor Trl, a voltage
lower than the threshold voltage Vth of the first NMOS
transistor Trl is applied to the gate terminal of the first
NMOS transistor Trl when the ramp voltage Vramp applied
to the second node b is lower than the data voltage Vd. As
a result, the first NMOS transistor Tr1 is turned off, thereby
causing the OLED to emit no light. This period corresponds
to the third period T3 in the display period of FIG. 9.

[0125] Meanwhile, at the time that the ramp voltage
Vramp applied to the second node b becomes equal to the
data voltage Vd as it linearly increases with time, the voltage
Vramp-(Vd-Vth) at the first node a becomes equal to the
threshold voltage Vth of the first NMOS transistor Trl.

[0126] Here, because the first node a signifies the gate
terminal of the first NMOS transistor Trl as stated previ-
ously, a voltage equal to the threshold voltage Vth of the first
NMOS transistor Trl is applied to the gate terminal of the
first NMOS transistor Trl when the ramp voltage Vramp
applied to the second node b is equal to the data voltage Vd.
In this case, the first NMOS transistor Tr1 is turned on or off.
Thus, the OLED emits light or flickers. This period corre-
sponds to the boundary between the third period T3 and the
fourth period T4 in the display period of FIG. 9.

[0127] Thereafter, at the time that the ramp voltage Vramp
applied to the second node b becomes higher than the data
voltage Vd as it linearly increases with time, the voltage at
the first node a becomes higher than the threshold voltage
Vth of the first NMOS transistor Trl. Here, because the first
node a signifies the gate terminal of the first NMOS tran-
sistor Trl as stated previously, a voltage higher than the
threshold voltage Vth of the first NMOS transistor Trl is
applied to the gate terminal of the first NMOS transistor Trl
when the ramp voltage Vramp applied to the second node b
is higher than the data voltage Vd. In this case, the first
NMOS transistor Tr1 is turned on. Thus, the OLED emits
light so as to display a unit image at the corresponding pixel.
This period corresponds to the fourth period T4 in the
display period of FIG. 9.

[0128] Thereafter, at the time that the ramp voltage Vramp
applied to the second node b becomes equal to the data
voltage Vd again as it linearly decreases with time, the
voltage at the first node a again becomes equal to the
threshold voltage Vth of the first NMOS transistor Trl as
stated above. As a result, the OLED emits light or flickers.
This period corresponds to the boundary between the fourth
period T4 and the fifth period T5 in the display period of
FIG. 9.

[0129] Thereafter, at the time that the ramp voltage Vramp
applied to the second node b becomes lower than the data
voltage Vd as it linearly decreases with time, the voltage
Vramp-(Vd-Vth) at the first node a becomes lower than the
threshold voltage Vth of the first NMOS transistor Trl as
stated above. As a result, the OLED will not emit light. This
period corresponds to the fifth period T5 in the display
period of FIG. 9.

[0130] Inthis manner, the OLED emits light or flickers in
the display period. The longer the fourth period T4, namely,
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the longer the light emission time of the OLED, the higher
the brightness of the OLED. On the contrary, the shorter the
fourth period T4, namely, the shorter the light emission time
of the OLED, the lower the brightness of the OLED.

[0131] This means that various gray scales can be
expressed by minutely dividing the light emission time of
the OLED.

[0132] Here, the length of the fourth period T4 depends on
the level of the data voltage Vd applied to the second node
b. That is, if the data voltage Vd is higher, the period in
which the ramp voltage Vramp is higher than the data
voltage Vd is reduced. As a result, the length of the fourth
period T4 becomes shorter, resulting in a reduction in the
light emission time of the OLED. On the contrary, if the data
voltage Vd is lower, the period in which the ramp voltage
Vramp is higher than the data voltage Vd is increased. As a
result, the length of the fourth period T4 becomes longer,
resulting in an increase in the light emission time of the
OLED.

[0133] Meanwhile, in this embodiment, the threshold volt-
age Vth of the first NMOS transistor Trl is obtained in the
write period before the OLED emits light and then sub-
tracted from the data voltage Vd and the resulting value is
stored in the capacitor C. That is, information regarding the
threshold voltage Vth of the first NMOS transistor Tr1 is
stored in the capacitor C. The stored threshold voltage Vth
is offset and removed by the threshold voltage Vth of the first
NMOS transistor Trl in the subsequent display period.

[0134] That is, as can be seen from the equation repre-
senting the voltage Vramp—(Vd-Vth) at the first node a in
the display period, the threshold voltage Vth contained in the
voltage Vramp-(Vd-Vth) at the first node a is offset and
removed by the threshold voltage Vth of the first NMOS
transistor Tr1 as it is inputted to the gate terminal of the first
NMOS transistor Trl. Whether the first NMOS transistor
Trl is turned on is determined according to whether the
remaining voltage, namely, a voltage Vramp-Vd obtained
by excluding the threshold voltage Vth of the first NMOS
transistor Tr1 from the voltage Vramp-(Vd-Vth) at the first
node a, is positive or negative in polarity.

[0135] Here, as can be seen from the equation, Vramp-Vd,
the polarity of the voltage at the first node a is different
depending on whether the ramp voltage Vramp is higher or
lower than the data voltage Vd. In detail, as can be seen from
the equation, Vramp-Vd, when the ramp voltage Vramp is
higher than the data voltage Vd, the voltage at the first node
a is maintained at the positive polarity, thereby causing the
first NMOS transistor Trl to be turned on. On the contrary,
when the ramp voltage Vramp is lower than the data voltage
Vd, the voltage at the first node a is maintained at the
negative polarity, thereby causing the first NMOS transistor
Trl to be turned off.

[0136] Therefore, even though the threshold voltage Vth
of the first NMOS transistor Trl varies due to a deterioration
of the first NMOS transistor Trl, the organic electro-lumi-
nescent display device according to the second embodiment
of the present invention is not affected by such a variation.
As a result, the organic electro-luminescent display device
according to the second embodiment of the present inven-
tion is normally driven even though the threshold voltage
Vthvaries due to a deterioration of the first NMOS transistor
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Trl. Further, the organic electro-luminescent display device
according to the second embodiment can reduce the pixel
unit area and manufacturing cost in that the number of
switching devices and the number of scan lines SL can be
reduced, as compared with that according to the first
embodiment.

[0137] As apparent from the above description, the
organic electro-luminescent display-device and the method
for driving the same according to the illustrated embodi-
ments of the present invention have advantages as follows.

[0138] First, the threshold voltage of the first NMOS
transistor is always stored in the write period before the
display period, and then offset and removed by the threshold
voltage of the first NMOS transistor in the subsequent
display period. Therefore, even though the threshold voltage
of the first NMOS transistor varies due to a deterioration of
the first NMOS transistor, the organic electro-luminescent
display device is not affected by such a variation. As a result,
the organic electro-luminescent display device can be driven
in such a manner that the high reliability can be maintained
regardless of a variation in the threshold voltage of the first
NMOS transistor.

[0139] Second, the voltage to the first NMOS transistor is
driven in the time-varying manner, resulting in reduction in
the number of switching devices and the number of scan
lines for turning on the switching devices. It is therefore
possible to reduce the area of a pixel unit and manufacturing
cost.

[0140] Tt 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 inventions. Thus, it is intended that the present
invention covers 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 electro-luminescent display device, com-
prising:

a light emitting device in a pixel to emit light in response
to a current applied thereto;

a data line for providing a data voltage in a write period
and a ramp voltage in a display period; and

a first switching device connected to the light emitting
device, the first switching device being selectively
turned on depending on a voltage difference between
the ramp voltage and the data voltage so as to drive the
light emitting device.

2. The display device of claim 1, wherein the first switch-
ing device is turned on when the ramp voltage is equal to or
higher than the data voltage so as to drive the light emitting
device, and the first switching device is turned off when the
ramp voltage is lower than the data voltage.

3. The display device of claim 1, wherein the ramp
voltage varies with time.

4. The display device of claim 3, wherein the ramp
voltage has a substantially triangle waveform.

5. The display device of claim 4, wherein the ramp
voltage substantially linearly increases from a minimum
value to a maximum value and substantially linearly
decreases from the maximum value to the minimum value.
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6. The display device of claim 5, wherein the data voltage
represents a gray level of an image and is between the
maximum value and minimum value of the ramp voltage.

7. The display device of claim 1, further comprising a
capacitor between the data line and a gate terminal of the
first switching device, for storing a voltage difference
between the data voltage and a threshold voltage of the first
switching device.

8. The display device of claim 1, further comprising:

a scan line for providing a scan signal; and

a second switching device, the second switching device
being turned on in response to the scan signal to
provide a current path between one of an anode and a
cathode of the light emitting device and a gate terminal
of the first switching device.

9. The display device of claim 8, further comprising:

a second scan line for providing a second scan signal; and

a third switching device between the light emitting device
and the first switching device, the third switching
device being turned on in response to the second scan
signal to provide a current path between the one of the
anode and the cathode of the light emitting device and
one of a drain terminal and a source terminal of the first
switching device.

10. The display device of claim 1, further comprising a
power supply to supply a driving voltage to an anode of the
light emitting device.

11. The display device of claim 10, wherein a maximum
value of the ramp voltage is substantially same as the driving
voltage.

12. The display device of claim 10, wherein the power
supply supplies the driving voltage during the write period
and the display period.

13. The display device of claim 10, further comprising a
controller for controlling the power supply to stop supplying
the driving voltage after a first period of the write period and
to supply the driving voltage during the entire display
period.

14. A method for driving an organic electro-luminescent
display device, comprising:

supplying a data voltage via a data line during a write
period to charge a capacitor between the data line and
a first switching device;

supplying a ramp voltage via the data line during a display
period; and

selectively turning on the first switching device depending
on a voltage difference between the ramp voltage and
the data voltage so as to drive the light emitting device.
15. The method of claim 14, wherein the step of selec-
tively turning on the first switching device includes turning
on the first switching when the ramp voltage is equal to or
higher than the data voltage so as to drive a light emitting
device and turning off the first switching device when the
ramp voltage is lower than the data voltage.
16. The method of claim 14, further comprising adjusting
a level of the data voltage to control a light emission period
of the light emitting device.
17. The method of claim 14, wherein the step of supplying
the ramp voltage includes supplying the ramp voltage which
has a value varying with time.
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18. The method of claim 17, wherein the step of supplying
the ramp voltage includes supplying the ramp voltage hav-
ing a substantially triangle waveform.

19. The method of claim 18, wherein the step of supplying
the ramp voltage includes substantially linearly increasing
the ramp voltage from a minimum value to a maximum
value and substantially linearly decreasing the ramp voltage
from the maximum value to the minimum value.

20. The method of claim 14, further comprising supplying
a scan signal in a first period of the write period to turn on
a second switching device between one of an anode and a
cathode of the light emitting device and a gate terminal of
the first switching device so as to provide a current path
between the one of the anode and the cathode of the light
emitting device and the gate terminal of the first switching
device.

21. The method of claim 20, further comprising supplying
a second scan signal in the first period and a second period
of the write period to a third switching device between the
light emitting device and the first switching device so as to
provide a current path between the one of the anode and the
cathode of the light emitting device and one of a drain
terminal and a source terminal of the first switching device.

22. The method of claim 14, further comprising supplying
a driving voltage to an anode of the light emitting device.

23. The method of claim 22, wherein the step of supplying
the driving voltage includes supplying the driving voltage
during the write period and the display period.

24. The method of claim 22, wherein the step of supplying
the driving voltage includes:

supplying the driving voltage in a first period of the write
period,

stopping supplying of the driving voltage in the rest of the
write period; and

supplying the driving voltage during the entire display
period.

25. The method of claim 22, wherein a maximum value of
the ramp voltage is substantially same as the driving voltage.

26. The method of claim 14, wherein the step of supplying
the data voltage during the write period to charge the
capacitor includes charging the capacitor to a voltage dif-
ference between the data voltage and a threshold voltage of
the first switching device.

27. An organic electro-luminescent display device, com-
prising:

a light emitting device in a pixel to emit light in response
to a current applied thereto;

a first switching device connected to the light emitting
device for driving the light emitting device;

a data line for providing a data voltage in a write period

and a ramp voltage in a display period; and

a capacitor connected to and between the data line and a
gate terminal of the first switching device.

28. The display device of claim 27, further comprising:
a scan line for providing a scan signal; and

a second switching device connected to and between one
of an anode and a cathode of the light emitting device
and the gate terminal of the first switching device, the
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second switching device being turned on in response to
the scan signal to provide a current path between the
one of the anode and the cathode of the light emitting
device and the gate terminal of the first switching
device.

29. The display device of claim 28, further comprising:

a second scan line for providing a second scan signal; and

a third switching device connected to and between the one
of the anode and the cathode of the light emitting
device and one of a drain terminal and a source terminal
of the first switching device, the third switching device
being turned on in response to the second scan signal to
provide a current path between the one of the anode and
the cathode of the light emitting device and the one of
the drain terminal and the source terminal of the first
switching device.
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30. The display device of claim 27, further comprising a
power supply to supply a driving voltage to an anode of the
light emitting device.

31. The display device of claim 30, wherein a maximum
value of the ramp voltage is substantially same as the driving
voltage.

32. The display device of claim 30, wherein the power
supply supplies the driving voltage during the write period
and the display period.

33. The display device of claim 30, further comprising a
controller for controlling the power supply to stop supplying
the driving voltage after a first period of the write period and
to supply the driving voltage during the entire display
period.
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