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Disclosed is an OELD and a pixel circuit which comprise:
an organic EL element for emitting light corresponding to a
supplied current; a first switch for switching data voltage
supplied to a data line in response to a select signal supplied
to a scan line; a first TFT for supplying the current to the
organic EL element in response to the data voltage supplied
to a gate of the first TFT via the first switch; a second TFT
having a gate coupled to the gate of the first TFT and
compensating for a deviation of a threshold voltage of the
first TFT; and a capacitor for maintaining the data voltage
supplied to the gate of the first TFT during a predetermined
time.
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ORGANIC ELECTROLUMINESCENT DISPLAY,
DRIVING METHOD AND PIXEL CIRCUIT
THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an organic elec-
troluminescent (EL) display, a driving method of the EL
display and a pixel circuit of the EL display. More specifi-
cally, the present invention relates to an organic EL display
(OELD), its driving methods and a pixel circuit that can
compensate for deviation of the threshold voltage of a thin
film transistor (TFT) and achieve high gray scale display
when driving the pixels of the OELD by using the TFT.

[0003]

[0004] In general, the OELD electrically excites fluores-
cent organic compounds to emit light, and performs voltage
driving or current driving on a (NxM) number of organic
luminescent cells so as to display images. As shown in FIG.
1, the organic luminescent cell comprises an anode (ITO), an
organic thin film, and a cathode layer (Metal). The organic
thin film comprises multi-layers including an emitting layer
(EML), an electron transport layer (ETL), and a hole trans-
port layer (HTL) so as to provide a good balance between
the electron concentration and the hole concentration
thereby improving emitting efficiency, and it additionally
comprises an electron injecting layer (EIL) and a hole
injecting layer (HIL).

[0005] Methods for driving the organic luminescent cells
as described above are categorized as a passive matrix
method and an active matrix method. The passive matrix
method forms positive electrodes to be perpendicular to
negative electrodes and selects lines and drives them, and
the active matrix method connects the TFT and a capacitor
to each ITO pixel electrode so that the voltage may be
maintained according to capacitance.

[0006] FIG. 2 shows a conventional pixel circuit for
driving an OELD using a TFT, illustrating a pixel from
among a (NxM) number of the pixels. Referring to FIG. 2,
a current driving transistor (Mb) is coupled to the OELD and
supplies current to emit light. The current through the
current driving transistor (Mb) is controlled by the data
voltage supplied via a switching transistor (Ma). In this
instance, a capacitor C for maintaining the supplied voltage
during a predetermined frame period is coupled between the
source and the gate of the current driving transistor (Mb).
The gate of the switching transistor (Ma) responds to an n-th
select signal line Select[n], and the source to a data line
Data[m].

[0007] Referring to FIG. 3, as to an operation of the pixel
having the above-described configuration, when the transis-
tor Ma is turned on by the select signal Select[n] supplied to
the gate of the switching transistor Ma, the data voltage
V. .. is supplied to the gate (node A) of the transistor Mb via
a data line. In response to the data voltage Vi, xps Supplied
to the gate, the current flows to the OELD via the transistor
Mb to emit light.

(a) Field of the Invention

(b) Description of the Related Art
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[0008] In this instance, the current that flows to the OELD
is expressed as follows:

Equation 1

B B
logrp = 3 “(Vos = Vy)* = 7 (Vop = Vpara = Yru)*

[0009] where Iz,  represents the current flowing to the
OELD, V4 represents the voltage between the source and
the gate of the transistor Mb, V. represents the threshold
voltage of the transistor Mb, Vpara represents the data
voltage, and P represents a constant.

[0010] As expressed in Equation 1 and according to the
pixel circuit as shown in FIG. 2, the current corresponding
to the supplied data voltage V, i1 1S supplied to the OELD,
and in response to the supplied current, the OELD emits
light. In this instance, the data voltage Var4 has multi-step
values within a predetermined range so as to show the gray.

[0011] However, it is difficult for the conventional pixel
circuit to achieve high gray scale because the threshold
voltage V. of the TFT varies depending on the manufac-
turing process thereof. For example, in the case of driving
the TFT pixels with data voltage in the range of 3 volts, two
data voltages representing adjacent gray levels must be apart
from each other approximately by 12 mV(=3V/256) so as to
implement 8-bit (256) gray scale. If the deviation of thresh-
old voltage is less than 100 mV, it is difficult to discriminate
one data voltage from another which results in decreased
gray scale.

SUMMARY OF THE INVENTION

[0012] Ttis an object of the present invention to provide an
OELD for compensating for deviations of the threshold
voltage of the TFT and displaying high gray scale.

[0013] An OELD according to one aspect of the present
invention comprises: a plurality of data lines for transmitting
data voltages for displaying image signals; a plurality of
scan lines for transmitting select signals; and a plurality of
pixel circuits respectively formed on a plurality of pixels
defined by the data lines and the scan lines, individual pixel
circuits comprising: an organic EL element for emitting light
corresponding to a supplied current; a first switch for
switching data voltage supplied to a data line in response to
a select signal supplied to a scan line; a first TFT for
supplying the current to the organic EL element in response
to the data voltage supplied to a gate of the first TFT via the
first switch; a second TFT having a gate coupled to the gate
of the first TFT and compensating for a threshold voltage
deviation of the first TFT; and a capacitor for maintaining
the data voltage supplied to the gate of the first TFT during
a predetermined time.

[0014] A method according to one aspect of the present
invention is to drive an OELD including a plurality of data
lines, a plurality of scan lines crossing the data lines, and a
plurality of matrix type pixels having TFTs formed in
regions defined by the data lines and the scan lines and
supplying current to organic EL elements, the method for
driving an OELD comprises the steps of: supplying a data
voltage for displaying image signals to the data lines;
sequentially supplying a select signal for selecting a pixel
row to the scan lines; switching the data voltage supplied to
the data lines in response to the select signal, and compen-
sating the supplied data voltage to reduce a—the effect of
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threshold voltage deviation of the TFT; and transmitting the
compensated data voltage to a gate of the TFT and supplying
the current to the organic EL element.

[0015] Furthermore, the method may further comprise the
step of initializing the data voltage supplied to the gate of the
TFT in response to a control signal.

[0016] An OELD pixel circuit according to one aspect of
the present invention is formed on a plurality of pixels
defined by a plurality of data lines and scan lines, the OELD
pixel circuit comprises: an organic electroluminescent (EL)
element; a first thin film transistor (TFT) having a drain
coupled to the organic EL element; a second TFT having a
gate coupled to a gate of the first TFT, and the gate and a
drain of the second TFT being coupled together; a first
switch having a control terminal coupled to the scan line,
and having a first terminal and a second terminal respec-
tively coupled to the data line and a source of the second
TFT; and a capacitor coupled between the gate and a source
of the first TFT.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate an
embodiment of the invention, and, together with the descrip-
tion, serve to explain the principles of the invention:

[0018] FIG. 1 shows a diagram of a general organic EL
element;
[0019] FIG. 2 shows a conventional pixel circuit for

driving the organic EL element,

[0020] FIG. 3 shows a timing diagram of for the conven-
tional pixel circuit;

[0021] FIG. 4 shows an OELD device according to a
preferred embodiment of the present invention;

[0022] FIG. 5 shows a pixel circuit according to a pre-
ferred embodiment of the present invention;

[0023] FIG. 6 shows a pixel circuit according to a first
preferred embodiment of the present invention;

[0024] FIG. 7 shows a pixel circuit according to a second
preferred embodiment of the present invention;

[0025] FIGS. 8A and 8B show timing diagrams for the
pixel circuit as shown in FIG. 6;

[0026] FIG. 9 shows a timing diagram for the pixel circuit
as shown in FIG. 7,

[0027] FIG. 10 shows a pixel circuit according to a third
preferred embodiment of the present invention;

[0028] FIGS. 11A and 11B show timing diagrams for the
pixel circuit as shown in FIG. 10,

[0029] FIG. 12 shows a pixel circuit according to a fourth
preferred embodiment of the present invention;

[0030] FIG. 13 shows a pixel circuit according to a fifth
preferred embodiment of the present invention;

[0031] FIG. 14 shows a pixel circuit according to a sixth
preferred embodiment of the present invention;

[0032] FIG. 15 shows a pixel circuit according to a
seventh preferred embodiment of the present invention,
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[0033] FIGS. 16 and 17 show timing diagrams for the
pixel circuit as shown in FIGS. 14 and 15;

[0034] FIG. 18 shows a pixel circuit according to an
eighth preferred embodiment of the present invention;

[0035] FIG. 19 shows a pixel circuit according to a ninth
preferred embodiment of the present invention;

[0036] FIG. 20 shows a layout of an organic EL element
according to the preferred embodiment of the present inven-
tion; and

[0037] FIG. 21 shows a cross sectional view of FIG. 20
with respect to a line A-B.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0038] In the following detailed description, only the
preferred embodiment of the invention has been shown and
described, simply by illustrating of the best mode contem-
plated by the inventor(s) of carrying out the invention. As
will be realized, the invention is capable of modification in
various obvious respects, all without departing from the
invention. Accordingly, the drawings and description are to
be regarded as illustrative in nature, and not restrictive.

[0039] FIG. 4 shows an OELD according to a preferred
embodiment of the present invention.

[0040] As shown, the OELD comprises an OELD panel
10; a data driver 30; and a scanning driver 20.

[0041] The OELD panel 10 comprises a plurality of data
lines D1 through Dy for transmitting data voltages for
displaying image signals; scan lines S1 through Sz for
transmitting select signals; and a pixel circuit 11 formed on
each of a plurality of pixels surrounded by the data lines and
the scan lines.

[0042] The data driver 30 supplies the data voltage for
displaying the image signals to the data lines, and the
scanning driver 20 sequentially supplies the select signals to
the scan lines.

[0043] FIG. 5 shows the pixel circuit 11 according to the
preferred embodiment of the present invention.

[0044]  As shown, the pixel circuit 11 comprises an OELD,
TFTs M1 and M2, switches S1 and S2, and a capacitor C1.

[0045] The OELD emits light corresponding to the sup-
plied current, and the current driving transistor M1 has a
source coupled to the power voltage VDD and a drain
coupled to the OELD, and supplies the current correspond-
ing to the data voltage which is provided to a gate of the
transistor M1 via the data line, to the OELD.

[0046] The transistor M2 has a gate coupled to the gate of
the transistor M1, and the gate and a drain of the transistor
M2 are coupled to function as a diode, and the transistor M2
compensates for deviations of the threshold voltage of the
transistor M1 for supplying the current. According to the
pixel circuit shown in FIG. 5, the current supply transistor
M1 and the threshold voltage compensation transistor M2
are configured in PMOS type TFTs, but can also be config-
ured in NMOS type TFTs as described subsequently.

[0047] The capacitor C1, coupled between the power
voltage VDD and the gate of the transistor M1, maintains the
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data voltage supplied to the gate of the transistor M1 during
a predetermined frame period.

[0048] The switch Sl is switched in response to the select
signal Select[n] supplied by the scan line, and transmits the
data voltage supplied to the data line to the current driving
transistor M1 via the transistor M2. The switch S2 initializes
the gate voltage of the transistor M1 in response to a reset
signal.

[0049] An operation of the pixel circuit according to the
preferred embodiment as shown in FIG. 5 will now be
described.

[0050] When the switch S1 is turned on according to the
select signal Select[n] supplied to the switch S1, the data
voltage Vs supplied to the data line is supplied to the
gate (node A) of the driving transistor M1 via the transistor
M2, and in response to the data voltage Vara supplied to
the gate, the current flows to the OELD via the transistor M1
to emit light.

[0051] In this instance, the current flowing to the OELD is
expressed as follows:

Iorip = Equation 2
g “(Vos = V'’ = g -(Vpp = (Vpara = Vi) = Vi)
[0052] where I, , represents the current flowing to the

OELD, Vg represents the voltage between the source and
the gate of the transistor M1, V4, represents the threshold
voltage of the transistor M1, Vo, represents the threshold
voltage of the transistor M2, and f§ represents a constant.

[0053] In this instance, if the threshold voltages of the
transistors M1 and M2 are identical, that is, Virgi=Voeo,
Equation 2 can be expressed in Equation 3. According to the
preferred embodiment of the present invention, since the
transistors M1 and M2 are manufactured under almost
identical process conditions, the deviation of the threshold
voltages of the two transistors are minimal, and accordingly,
the threshold voltages become virtually identical.

B Equation 3
logip = 7 (Vop - Voara)?

[0054] Therefore, according to the preferred embodiment
of the present invention, the OELD as expressed by Equa-
tion 3 flows the current corresponding to the data voltage
supplied to the data line regardless of the threshold voltage
in the current driving transistor M1. That is, since the
transistor M2 compensates for the deviation of the threshold
voltage in the current driving transistor M1, the transistor
M1 can precisely control the current flowing to the OELD.
Accordingly, the OELD with high gray scale is provided.

[0055] When the data during a previous time frame period
is a high level voltage and the data of a subsequent frame
period is a low level voltage, no more data signal can be
supplied to the node A because of diode connection char-
acteristics of the transistor M2. Therefore, the switch S2 may
be provided to initialize the node A for each time frame
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period with a predetermined level (e.g., a ground level). In
this instance, the switch S2 can be driven by an additional
reset signal or by a just previous select signal Select[n-1] to
increase an aperture ratio of pixels of the OELD.

[0056] FIG. 6 shows a pixel circuit of the OELD accord-
ing to a first preferred embodiment of the present invention.
As shown, the pixel circuit comprises a current supplying
transistor M1 and a threshold voltage compensation transis-
tor M2 of PMOS transistors, and switches S1 and S2 of
PMOS transistors M3 and M4, like of the pixel circuit of
FIG. 5.

[0057] Also, an additional reset signal Reset is supplied to
a gate of the transistor M4 for resetting the gate voltage of
the transistor M1.

[0058] FIGS. 8A and 8B show timing diagrams for driv-
ing the pixel circuit of FIG. 6.

[0059] Referring to FIG. 8A, the node A is initialized by
the initial reset signal, a corresponding pixel is selected via
the select signal Select[n], and the data signal Data[m] is
supplied to the corresponding pixel. That is, according to the
driving method shown in FIG. 8A, signals are supplied to
the respective transistors in the order of the reset signal, the
select signal and the data signal.

[0060] In detail, an external reset signal Reset is supplied
to the gate of the transistor M4 to initialize the node A into
a ground level, and a select signal Select[n] is supplied to the
gate of the transistor M3 to activate the corresponding pixel.
A data signal Data[m] is supplied to the source of the
activated transistor M3 to drive the current driving transistor
ML. In this instance, the current that flows to the OELD via
the current driving transistor M1 is expressed in Equation 3.

[0061] The pixel circuit for using the external reset signal
according to the first preferred embodiment of the present
invention can be driven using the timing diagram of FIG. 8B
as well as that of FIG. 8A.

[0062] Referring to FIG. 8B, the node A is initialized by
the initial reset signal Reset, the data signal Data[m] is
supplied to the data line, and the corresponding pixel is
selected via the select signal Select[n]. That is, according to
the driving method shown in FIG. 8B, signals are supplied
to the respective transistors in the order of the reset signal,
the data signal and the select signal.

[0063] FIG. 7 shows a pixel circuit of the OELD accord-
ing to a second preferred embodiment of the present inven-
tion. The pixel circuit according to the second preferred
embodiment is almost identical to the pixel circuit of FIG.
6 except that the gate of the transistor M4 is coupled to a
previous scan line. That is, the pixel circuit according to the
second preferred embodiment uses the select signal Select
[n-1] of the previous scan line instead of an additional
external reset signal Reset, and supplies the select signal
Select[n-1] to the gate of the transistor M4.

[0064] As described above, when the additional external
reset signal is not used, no additional wiring for transmitting
the reset signal is needed. Accordingly, the aperture ratio of
the pixel can be increased.

[0065] FIG. 9 shows a timing diagram for driving the
OELD according to the second preferred embodiment.
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[0066] As shown, according to the second preferred
embodiment for resetting the node A using the scanning
signal, the signals must be supplied to the respective tran-
sistors in the order of the previous select signal (reset
signal), the data signal and the present sclect signal. That is,
the data voltage must be supplied to the data line before the
present select signal Select[n] is supplied to the scan line.

[0067] In the case the select signal Select[n] is supplied
before the present data voltage is supplied as shown in FIG.
8A, the previous data voltage supplied to the data line is
supplied to the current driving transistor M1 via the tran-
sistor M3. Therefore, the select signal must be supplied to
the data line after the present data voltage is supplied to the
data line.

[0068] FIG. 10 shows a pixel circuit of the OELD accord-
ing to a third preferred embodiment of the present invention,
and FIGS. 11A and 11B show timing diagrams for driving
the pixel circuit of FIG. 10. As shown in FIG. 10, the pixel
circuit according to the third preferred embodiment of the
present invention comprises NMOS type transistors M5 ,
M6, M7 and M8 differing from the pixel circuits of FIGS.
6 and 7 and having a configuration totally symmetrical with
the pixel circuits of FIGS. 6 and 7.

[0069] Since an operation of the pixel circuit of FIG. 10
and the timing diagrams of FIGS. 11A and 11B can be
easily understood by a skilled person according to the
descriptions of FIGS. 6 and 7, a repeated description will
not be provided.

[0070] FIG. 12 shows a pixel circuit of the OELD accord-
ing to a fourth preferred embodiment of the present inven-
tion.

[0071] As shown, the pixel circuit according to the fourth
preferred embodiment has a configuration almost identical
to those of the pixel circuits of FIGS. 6 and 7 except that
a pre-charge voltage Vpre instead of the ground voltage is
supplied to the drain of the switching transistor M4. As
described above, when the pre-charge voltage is supplied to
the drain of the transistor M4, the initial voltage of the node
A can be increased to the pre-charge voltage level Vpre
instead of the ground level, and hence, switching time of the
transistor and power consumption can be reduced. In this
instance, it is preferable to establish the pre-charge voltage
to be slightly less than the minimum voltage supplied to the
node A that corresponds to the minimum voltage supplied to
the data line and the maximum gray level (i.e., white level).

[0072] FIG. 13 shows a pixel circuit of OELD according
to a fifth preferred embodiment of the present invention.

[0073] As shown, the pixel circuit according to the fifth
preferred embodiment has a configuration almost identical
to those of the pixel circuits of FIGS. 6 and 7 except that
the drain and the gate of the switching transistor M4 are
coupled to function as a diode and the gate of the transistor
M4 (i.c., an input terminal of the diode) is coupled to an
external reset signal terminal or a previous scan line.

[0074] As shown, according to the preferred embodiment,
the node A can also be initialized via the transistor M4
coupled to the diode, and when the reset signal or the
previous select signal is used instead of the ground voltage
or the pre-charge voltage, since additional ground wiring or
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pre-charge wiring is not needed to be formed, the amount of
wiring is reduced and the aperture ratio is increased.

[0075] FIG. 14 shows a pixel circuit of the OELD accord-
ing to a sixth preferred embodiment of the present invention.

[0076] As shown, the pixel circuit according to the sixth
preferred embodiment has a configuration almost identical
to that of the pixel circuit of FIG. 6 except that the NMOS
transistor M9 is used instead of the PMOS type transistor
M4. An external reset signal is supplied to the gate of the
transistor M9.

[0077] Referring to FIG. 6, when the switching transistor
M4 receiving the reset signal is a PMOS transistor, a
predetermined voltage (e.g., the ground level) is supplied to
the gate of the transistor M4 at a reset operation, and the
voltage at the source (node A) of the transistor M4 continues
to be decreased because of the reset operation. Therefore, the
voltage V44 between the gate and the source of the transistor
M4 continues to be decreased and the current flowing to the
ground or the pre-charge voltage from the node A via the
transistor M4 continues to be reduced and substantial reset
time is required. Also, since the voltage difference between
the gate and the source of the transistor M4 must be greater
than the absolute value of the threshold voltage Vth, when
it is assumed that the reset signal supplied at the reset
operation is the ground voltage, the actual lowest voltage at
the node A becomes |Vth|.

[0078] Unlike this, the pixel circuit according to the sixth
preferred embodiment uses an NMOS transistor for the
switching transistor M9. Thus, the lowest voltage at the node
A that can be achieved is almost the ground level. This
widens the range of the data voltage to display gray levels
can be widened. Also, since the voltage V¢ between the
gate and the source of the transistor M9 is constant differing
from FIG. 6, the current flowing to the ground or the
pre-charge voltage from the node A via the transistor M4 is
constant, and accordingly, the reset operation can be quickly
performed.

[0079] FIG. 16 shows a timing diagram for driving the
pixel circuit according to the sixth preferred embodiment.
As shown, since the transistor M9 having the gate to which
the reset signal is supplied is an NMOS transistor in the pixel
circuit according to the sixth preferred embodiment, the
reset signal has a waveform opposite to that of the reset
signal of FIG. 8A.

[0080] Since the operation of the pixel circuit of FIG. 14
and the timing diagram of FIG. 16 can be easily understood
by a skilled person, a repeated description will not be
provided.

[0081] FIG. 15 shows a pixel circuit of the OELD accord-
ing to a seventh preferred embodiment of the present inven-
tion, and FIG. 17 shows a timing diagram of a driving
waveform used in FIG. 15.

[0082] As shown by FIG. 15, the pixel circuit according
to a seventh preferred embodiment has a configuration
almost identical to that of the pixel circuit of FIG. 14 except
that the previous scan line is coupled to the gate of the
NMOS transistor M9, the previous select signal Select[n-1]
is used as a reset signal, and the transistor M10 having the
gate coupled to the scan line is an NMOS transistor.
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[0083] When the previous select signal coupled to the gate
of the NMOS transistor M9 is used as a reset signal, the
transistor for switching the data voltage must be an NMOS
transistor.

[0084] As shown by FIG. 17, since the pixel circuit
according to the seventh preferred embodiment resets the
node A using a previous select signal, the signals must be
supplied to the respective transistor in the order of the
previous select signal (reset signal), the data signal and the
present select signal.

[0085] FIGS. 18 and 19 respectively show pixel circuits
of the OELD according to eighth and ninth preferred
embodiments of the present invention.

[0086] The PMOS transistors and the NMOS transistors of
the respective pixel circuits of FIGS. 18 and 19 are sym-

metrically changed with those of the pixel circuits of FIGS.
14 and 15.

[0087] Since the operation of the pixel circuits in FIGS.
18 and 19 can be easily understood by a skilled person
according to the above description, a repeated description
will not be provided.

[0088] A layout and a cross sectional view of the OELD
according to the preferred embodiment of the present inven-
tion will now be described.

[0089] FIG. 20 shows a layout of the OELD, and more
precisely, a layout of the pixel circuit of FIG. 13.

[0090] FIG. 21 shows a cross sectional view of FIG, 20
with respect to the line A-B.

[0091] Referring to FIGS. 20 and 21, the regions I, II, III
and V respectively define the regions for forming the TFTs
M3, M2, M1 and M4 thereon, and the region IV for forming
the OELD thereon.

[0092] As shown in FIGS. 20 and 21, a polycrystalline
silicon(poly-Si) layer 200 is formed on a transparent insu-
lation substrate 100, and a gate insulation layer 300 of SiO,
or SiNx is formed thereon.

[0093] A scan line 400 of Al and Cr is patterned in the
horizontal direction on the gate insulation layer 300 to be
crossed with the polycrystalline silicon layer 200. Gate
electrodes 410 are respectively formed on portions where
the scan lines 400 are superimposed with the polycrystalline
silicon layer 200 in the I and V regions. Also, a first capacitor
electrode 450 is patterned on the same layer with the same
material as the scan line 400. The gate electrodes 410 are
respectively formed on the portions where the first capacitor
electrode 450 is superimposed with the polycrystal silicon
layer 200 of the II and III regions.

[0094] In this instance, a portion of the polycrystalline
silicon layer 200 under the gate electrode 410 is not doped
and forms a channel region 220. Both outer sides of the
channel region 220 in polycrystalline silicon layer 200 are
doped with p-type dopant and respectively form a drain
region 230 and a source region 210.

[0095] An insulating interlayer layer 500 of silicon diox-
ide or silicon nitride is formed on the top of the gate layer
such as the scan line 400 or the first capacitor electrode 450,
and the gate insulation layer 300 and the interlayer layer S00
have contact holes C1 and C2 to expose the source and drain
regions 210 and 230.
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[0096] A data line 600 of Cr or Mo is formed in the
perpendicular direction on the interlayer layer 500. A portion
extended from the data line 600 and superimposed with a
portion of the silicon layer 200 of the region I, that is, the
source region 210, becomes a source electrode 610. In this
instance, the source electrode 610 is connected to the source
region 210 via the contact hole C1 formed on the interlayer
layer 500.

[0097] Also, a second capacitor electrode 650 superim-
posed on the first capacitive line 450, for forming capaci-
tance, is formed on a layer identical with that of the data line
600 and with a material identical with that of the data line
600. A portion where the second capacitor electrode 650 is
superimposed with a portion of the silicon layer 200 of the
region III, that is, the source region 210, becomes the source
clectrode 610. In this instance, the source electrode 610 is
connected to the source region 210 via the contact hole C1.

[0098] First through fourth signal lines 640, 660, 670 and
680 are formed on the same layer with the same material as
the data line 600. A portion where the first signal line 640 is
superimposed with a portion of the polycrystalline silicon
layer 200 of the region II, that is, the drain region 230,
becomes the drain electrode 620, and a portion where the
second signal line 660 is superimposed with the source
region 210 of the region V becomes the source electrode
610. A portion where the third signal line 670 is superim-
posed with the drain region 230 of the region V becomes the
drain electrode 620, and a portion where the fourth signal
line 680 is superimposed with the drain region 230 of the
region III becomes the drain electrode 620. In this instance,
the source and drain electrodes 610 and 620 are respectively
connected to the source and drain regions 210 and 230 via
the contact holes C1 and C2.

[0099] The first and second signal lines 640 and 660 are
connected to the first capacitor electrode 450 via a contact
hole C3, and accordingly, as shown in FIG. 13, the drain
electrode of the transistor M2 is connected to the gate
¢lectrodes of the transistors M2 and M1 and the source
electrode of the transistor M4. The third signal line 670 is
connected to a previous scan line Select[n-1] via the contact
hole C3, and therefore, as shown by the equivalent circuit in
FIG. 3, the drain ¢lectrode of the transistor M4 is connected
to the previous scan line.

[0100] A passivation layer 700 of silicon oxide and silicon
nitride is provided on the data wiring such as the data line
600 and the source and drain electrodes 610 and 620. A
transparent pixel electrode 800 of indium-tin-oxide (ITO) is
formed on the protective insulation layer 700 formed on the
region IV. The pixel electrode 800 is connected to the drain
electrode 620 of the TFT M1 through a hole C4 formed on
the passivation layer 700.

[0101] A flattening layer 900 is formed on the protective
insulation layer 700 and the pixel electrode 800, and an
organic EL element layer 1000 is formed on the flattening
layer 900 and the pixel electrode 800.

[0102] According to the OELD shown in FIG. 20, the
TFTs M2 and M1 are provided on one line in parallel to the
data line 600. In the case of manufacturing the OELD, laser
beams are scanned in parallel to the data lines. Since the
TFTs M2 and M1 are located on the line in parallel to the
data line 600 according to the preferred embodiment of the
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present invention, they are scanned with the same laser
beams. Hence, since the TFTs M1 and M2 are manufactured
under almost the same process condition, their threshold
voltages become almost identical.

[0103] Therefore, the preferred embodiment of the present
invention satisfies the condition of Vg5, =V1y,. Thus, Equa-
tion 3 is virtually satisfied and the OELD of high gray scale
can be implemented.

[0104] The layout and the cross sectional view of the
OELD shown in FIGS. 20 and 21 represents an exemplified
embodiment, and diversified variations of embodiments can
be implemented.

[0105] For example, in the case of manufacturing the
OELD using scanned laser beams in parallel to the scan
lines, the TFTs M2 and M1 may be located on the line in
parallel to the scan line to be scanned with the same laser
beams.

[0106] As described above, the present invention effec-
tively compensates for the deviation of the threshold voltage
of the TFT for driving the OELD and implements an OELD
of higher gray scale.

[0107] While this invention has been described in connec-
tion with what is presently considered to be the most
practical and preferred embodiment, it is to be understood
that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

What is claimed is:
1. An organic electroluminescent display (OELD), com-
prising:

a plurality of data lines for transmitting data voltages for
representing image signals;

a plurality of scan lines for transmitting select signals; and

a plurality of pixel circuits respectively formed on a
plurality of pixels defined by the data lines and the scan
lines,

wherein each of the pixel circuit comprises:

an organic electroluminescent (EL) element for emit-
ting light corresponding from a supplied current;

a first switch for switching data voltage supplied to a
data line in response to a select signal supplied to a
scan line;

a first thin film transistor (TFT) for supplying the
current to the organic EL element in response to the
data voltage supplied to a gate of the first TFT via the
first switch;

a second TFT having a gate coupled to the gate of the
first TFT and compensating for a threshold voltage
deviation of the first TFT, and

a capacitor for maintaining the data voltage supplied to

the gate of the first TFT during a predetermined time.

2. The OELD of claim 1, wherein the OELD further

comprises a second switch for initializing the data voltage

supplied to the gate of the first TFT in response to a control
signal.
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3. The OELD of claim 2, wherein the control signal is an
additional external reset signal.

4. The OELD of claim 2, wherein the control signal is a
select signal of a previous scan line.

5. The OELD of claim 4, wherein the data voltage is
supplied to the data line before the select signal is supplied
to the pixel.

6. The OELD of claim 2, wherein a gate and a drain of the
second TFT are coupled together.

7. The OELD of claim 2, wherein the first switch is a third
TFT having a gate coupled to the scan line, a source coupled
to the data line, and a drain coupled to a source of the second
TFT, and the second switch is a fourth TFT having a gate
coupled to the control signal, a source coupled to the gate of
the first TFT, and a drain to which a predetermined voltage
for a resetting is supplied.

8. The OELD of claim 7, wherein the predetermined
voltage supplied to the drain of the fourth TFT is a ground
voltage.

9. The OELD of claim 7, wherein the predetermined
voltage supplied to the drain of the fourth TFT is a pre-
charge voltage.

10. The OELD of claim 9, wherein the pre-charge voltage
is set to be less than the minimum data voltage supplied to
the gate of the first TFT so as to represent the maximum gray
level.

11. The OELD of claim 7, wherein the gate and the drain
of the fourth TFT are coupled together.

12. The OELD of claim 7, wherein the first TFT, the
second TFT, the third TFT and the fourth TFT have an
identical conductive type.

13. The OELD of claim 7, wherein the first TFT, the
second TFT and the third TFT are first conductive type
transistors, and the fourth TFT is a second conductive type
transistor which has a polarity opposite to that of the first
conductive type transistors.

14. The OELD of claim 7, wherein the first TFT and the
second TFT are first conductive type transistors, and the
third TFT and the fourth TFT are second conductive type
transistors which have polarity opposite to that of the first
conductive type transistors.

15. The OELD of claim 1, wherein the first TFT and the
second TFT have almost identical threshold voltages.

16. The OELD of claim 15, wherein the first TFT and the
second TFT are parallel to the data line or the scan line, and
formed on a same line.

17. A method for driving an organic electroluminescent
display (OELD) including a plurality of data lines, a plu-
rality of scan lines crossing the data lines, and a plurality of
maltrix type pixels having thin film transistors (TFTs) formed
in regions defined by the data lines and the scan lines and
supplying current to organic electroluminescent (EL) ele-
ments, comprising the steps of:

supplying a data voltage for representing image signals to
the data lines;

sequentially supplying a select signal for selecting a pixel
row to the scan lines;

switching the data voltage supplied to the data lines in
response to the select signal, and compensating the
supplied data voltage to reduce a threshold voltage
deviation of the TFT; and



US 2002/0118150 Al

transmitting the compensated data voltage to a gate of the
TFT, and supplying the current to the organic EL
¢lement.

18. The method of claim 17, further comprising the step
of initializing the data voltage supplied to the gate of the
TFT in response to a control signal.

19. The method of claim 18, wherein the control signal is
an additional external reset signal.

20. The method of claim 18, wherein the control signal is
a select signal of a previous scan line.

21. The method of claim 20, wherein the data voltage is
supplied to the data line before the select signal is supplied
to the scan line.

22. An organic electroluminescent display (OELD) pixel
circuit formed on a plurality of pixels defined by a plurality
of data lines and scan lines, comprising:

an organic electroluminescent (EL) element;

a first thin film transistor (TFT) having a drain coupled to
the organic EL element;

a second TFT having a gate coupled to a gate of the first
TFT, and the gate and a drain of the second TFT being
coupled together;

a first switch having a control terminal coupled to the scan
line, and having a first terminal and a second terminal
respectively coupled to the data line and a source of the
second TFT; and

a capacitor coupled between the gate and a source of the

first TFT.

23. The pixel circuit of claim 22, wherein the pixel circuit
further comprises a second switch having a control terminal
to which a control signal is supplied, a first terminal coupled
to the drain of the second TFT, and a second terminal to
which a predetermined voltage is supplied.

24. The pixel circuit of claim 23, wherein an additional
external reset signal is supplied to the control terminal of the
second switch.

25. The pixel circuit of claim 23, wherein a previous scan
line is coupled to the control terminal of the second switch.

26. The pixel circuit of claim 23, wherein the first switch
is a third TFT having a gate coupled to the scan line, a source
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coupled to the data line, and a drain coupled to a source of
the second TFT, and the second switch is a fourth TFT
having a gate for responding to the control signal, a source
coupled to the gate of the first TFT, and a drain to which a
predetermined voltage for a reset process is supplied.

27. The pixel circuit of claim 26, wherein the gate and the
drain of the fourth TFT are coupled together.

28. The pixel circuit of claim 26, wherein the first to
fourth TFTs have an identical conductive type.

29. The pixel circuit of claim 26, wherein the first TFT, the
second TFT and the third TFT are first conductive type
transistors, and the fourth TFT is a second conductive type
transistor which has a polarity opposite to that of the first
conductive type transistors.

30. The pixel circuit of claim 26, wherein the first TFT
and the second TFT are first conductive type transistors, and
the third TFT and the fourth TFT are second conductive type
transistors which have polarity opposite to that of the first
conductive type transistors.

31. The pixel circuit of claim 22, wherein the first TFT
and the second TFT have almost identical threshold volt-
ages.

32. The OELD of claim 3, wherein the first TFT and the
second TFT are parallel to the data line or the scan line, and
formed on the same line.

33. The OELD of claim 2, wherein the first switch is a
third TFT having a gate coupled to the scan line, a drain
coupled to the data line, and a source coupled to a drain of
the second TFT, and the second switch is a fourth TFT
having a gate coupled to the control signal, a drain coupled
to the gate of the first TFT, and a source to which a
predetermined voltage for a resetting is supplied.

34. The pixel circuit of claim 23, wherein the first switch
is a third TFT having a gate coupled to the scan line, a drain
coupled to the data line, and a source coupled to a drain of
the second TFT, and the second switch is a fourth TFT
having a gate for responding to the control signal, a drain
coupled to the gate of the first TFT, and a source to which
a predetermined voltage for a reset process is supplied.
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