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ORGANIC LIGHT EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisapplicationis a divisional of and claims priority
to U.S. application Ser. No. 11/432,598, filed May 11, 2006,
which claims priority to and the benefit of Korean Patent
Application No. 10-2005-0039895, filed May 12, 2005, each
of which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display (OLED), and more particularly, to an OLED
that makes use of demultiplexers to decrease the number of
output lines of data drivers and display an image having
uniform luminance.

[0004] 2. Description of the Related Art

[0005] In recent years, a variety of flat panel displays
(FPDs) with small weight and volume have been developed to
overcome the drawbacks of a cathode ray tube (CRT). The
FPDs can be categorized into a liquid crystal display (LCD),
a field emission display (FED), a plasma display panel (PDP),
an organic light emitting display (OLED), and the like.
[0006] An OLED includes an organic light emitting diode,
which is a self-emissive display device that emits light
through the recombination of electrons supplied from a cath-
ode and holes supplied from an anode. The OLED has a high
response speed of about 1 us and consumes low power. The
OLED includes a plurality of pixels, each of which supplies a
driving current corresponding to a data signal to the organic
light emitting diode using a driving thin film transistor (TFT)
so that the organic light emitting diode emits light to display
a predetermined image.

[0007] FIG. 1 is a block diagram of a conventional OLED.
[0008] Referring to FIG. 1, the conventional OLED
includes a display panel 10, a scan driver 20, a data driver 30,
and a timing controller 40.

[0009] The display panel 10 includes a plurality of pixels
P,;-P,,,» which are disposed in regions where a plurality of
scan lines and emission control lines S,-S,, and E|-E, inter-
sectaplurality of datalines D,-D,,. Each of the pixels P, -P,,,,
receives a first power supply Vdd and a second power supply
Vs from external power supplies and emits light correspond-
ing to a received data signal to display an image. Also, the
pixels P,,-P,, emit light for a time that is controlled accord-
ing to a signal supplied through the emission control lines
E,-E,, respectively.

[0010] The scan driver 20 generates a scan signal in
response to a scan control signal S, received from the timing
controller 40 and sequentially transmits the generated scan
signal to the plurality of scan lines S,-S,, to select the pixels
P,,-P,,.. Also, the scan driver 20 generates an emission con-
trol signal in response to the scan control signal S, and
sequentially transmits the generated emission control signal
to the plurality of emission control lines E,-E,, to control the
emission.

[0011] The data driver 30 receives red (R), green (G), and
blue (B) data from the timing controller 40, generates data
signals in response to a data control signal S, and transmits
the generated data signals to the plurality of data lines D,-D,,,.
In this case, the data driver 30 transmits data signals corre-
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sponding to one horizontal line for each horizontal period to
the plurality of data lines D,-D,,.

[0012] The timing controller 40 generates data control sig-
nals S ;and scan control signals S, corresponding to R, G, and
B data supplied from an external graphic controller (not
shown) and horizontal and vertical synchronous signals
Hsync and Vsync. The data control signals S, and the scan
control signals S, generated by the timing controller 40 are
supplied to the data driver 30 and the scan driver 20, respec-
tively.

[0013] In the conventional OLED having the above-de-
scribed construction, the respective pixels Py, -P,,,,, are located
in the regions where the scan lines and the emission control
lines S,-S,, and E, -E,, intersect the data lines D, -D,,,. Here, the
data driver 30 includes m output lines such that it transmits
data signals to each of them datalines D, -D,,,. In other words,
the data driver 30 should include the output lines in a number
equal to the number of the data lines D, -D,,. Accordingly, the
data driver 30 should include a plurality of data integrated
circuits (ICs) to install the m output lines, thus elevating the
cost of production. In particular, as the display panel 10
increases in resolution and size, the data driver 30 should
include more data ICs. Thus, the cost of production further
increases.

SUMMARY OF THE INVENTION

[0014] The present invention, therefore, provides an
organic light emitting display (OLED), which makes use of
demultiplexers to decrease the number of data drivers and
display an image having uniform luminance.

[0015] One embodiment comprises an organic light emit-
ting display (OLED) including a display panel having a plu-
rality of pixels disposed in regions where a plurality of scan
lines intersect a plurality of data lines, a scan driver config-
ured to supply scan signals to the scan lines so as to select the
pixels, a plurality of demultiplexers configured to supply data
signals to the data lines, a data driver configured to supply the
data signals to a plurality of output lines connected to the
demultiplexers, and a plurality of data line capacitors each
disposed in one of the data lines and configured to store a
voltage corresponding to the data signal.

[0016] Another embodiment comprises an organic light
emitting display (OLED) including a substrate, a storage
capacitor region, a thin film transistor region, and a data line
capacitor region each formed on the substrate. The OLED
also has a storage capacitor formed in the storage capacitor
region, the storage capacitor including a first semiconductor
layer formed on the substrate, a gate insulating layer formed
on the first semiconductor layer, a first electrode formed on
the gate insulating layer, an interlayer insulating layer formed
on the first electrode, and a second electrode formed on the
interlayer insulating layer, where the second electrode is elec-
trically connected to the first semiconductor layer. The OLED
also has a thin film transistor formed in the thin film transistor
region, the thin film transistor including a second semicon-
ductor layer formed on the substrate, a gate insulating layer
formed on the second semiconductor layer. The OLED also
has a gate electrode formed on the gate insulating layer, a
source electrode formed on the gate insulating layer, and a
drain electrode formed on the gate insulating layer, and a first
data line capacitor formed in the data line capacitor region,
the first data line capacitor including a third semiconductor
layer formed on the substrate, a gate insulating layer formed
on the third semiconductor layer, an interlayer insulating
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layer formed on the gate insulating layer, and a data line
formed on the interlayer insulating layer. The OLED also has
an organic light emitting diode formed on the storage capaci-
tor and the thin film transistor and including a pixel electrode
connected to one of the source and drain electrodes, an
organic emission layer formed on the pixel electrode, and an
opposite electrode formed on the storage capacitor, the thin
film transistor, and the first data line capacitor. The OLED
also has a second data line capacitor formed on the data line
capacitor, the second data line capacitor including the data
line, an insulating layer formed over the data line, and the
opposite electrode.

[0017] Another embodiment comprises an organic light
emitting display (OLED) including a substrate, a storage
capacitor region, a thin film transistor region, and a data line
capacitor region each formed on the substrate. The OLED
also has a storage capacitor formed in the storage capacitor
region, the storage capacitor including a first semiconductor
layer formed on the substrate, a gate insulating layer formed
on the first semiconductor layer, a first electrode formed on
the gate insulating layer, an interlayer insulating layer formed
on the first electrode, and a second electrode formed on the
interlayer insulating layer, where the second electrode is elec-
trically connected to the first semiconductor layer. The OLED
also has a thin film transistor formed in the thin film transistor
region, the thin film transistor including a second semicon-
ductor layer formed on the substrate, a gate insulating layer
formed on the second semiconductor layer. The OLED also
has a gate electrode formed on the gate insulating layer, a
source electrode formed on the gate insulating layer, and a
drain electrode formed on the gate insulating layer, and a first
data line capacitor formed in the data line capacitor region,
the first data line capacitor including a third semiconductor
layer formed on the substrate, a gate insulating layer formed
on the third semiconductor layer, an interlayer insulating
layer formed on the gate insulating layer, and a data line
formed on the interlayer insulating layer. The OLED also has
an organic light emitting diode formed on the storage capaci-
tor and the thin film transistor and including a pixel electrode
connected to one of the source and drain electrodes, an
organic emission layer formed on the pixel electrode, and an
opposite electrode formed on the storage capacitor, the thin
film transistor, and the first data line capacitor. The OLED
also has a second data line capacitor formed on the data line
capacitor, the second data line capacitor including the data
line, an insulating layer formed over the data line, and the
pixel electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other features and advantages of
certain inventive aspects are discussed with further detail with
reference to the attached drawings in which:

[0019] FIG.1is ablock diagram of a conventional organic
light emitting display (OLED);

[0020] FIG. 2 is a block diagram of an OLED according to
an exemplary embodiment;

[0021] FIG. 3isa circuit diagram of a demultiplexer shown
in FIG. 2;
[0022] FIG. 4 is a circuit diagram of one of NxM pixels

shown in FIG. 2;

[0023] FIG.5isadetailed circuit diagram showing connec-
tion of the demultiplexer to the pixels shown in FIG. 2;
[0024] FIG. 6 is a timing diagram illustrating operations of
the pixel circuit shown in FIG. 5;
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[0025] FIG. 7is a graph of simulation results showing gate
voltages of a driving transistor versus capacitances of a data
line capacitor and a storage capacitor of a pixel in the OLED;
[0026] FIG. 8 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to one embodiment;

[0027] FIG. 9 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to another embodiment;

[0028] FIG. 10 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to yet another embodiment;

[0029] FIG. 11 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to still another embodiment;

[0030] FIG. 12 is a circuit diagram of another pixel of the
OLED shown in FIG. 2;

[0031] FIG. 13 is a circuit diagram of yet another pixel of
the OLED shown in FIG. 2; and

[0032] FIG. 14 is a circuit diagram of still another pixel of
the OLED shown in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

[0033] FIG. 2 is a block diagram of an organic light emit-
ting display (OLED) according to one embodiment of the
present invention.

[0034] Referring to FIG. 2, the OLED includes a display
panel 100, a scan driver 120, a data driver 130, a timing
controller 140, a demultiplexer unit 150, and a demultiplexer
controller 160.

[0035] The display panel 100 includes a plurality of pixels
P,,,-P,,.. and a plurality of data line capacitors C,,,,,,-
Curami- The pixels Py, ,-P, .. are disposed in a region that
comprises a plurality of scan lines and emission control lines
S,-S,, and E,-E, and a plurality of data lines D,,-D,,,.. Also,
the data line capacitors C,,,,,1-C j.ame are formed by the
respective data lines D, ;-D,,;.

[0036] Eachofthe pixels P, ,,-P,,,.. emits light correspond-
ing to a data signal applied from one of the data lines D, -
D,,..- A pixel 110, which is representative of the pixels P, ;-
P,.... will be described later.

[0037] Also, the plurality of data line capacitors C,,,,;,-
C arami are formed by each of the data lines D, -D,,,;, in order
to store the data signal temporarily. For example, the data line
capacitor C,,,;, of the data line D, is formed by connecting
in parallel all of the data line capacitors C,,,,;11> Caurani1s - -
., and C,,,...11, Which are formed in the regions where the
pixels P,,,,P,,,,...,and P, , connect to the data line D ,.
That is, it can be expressed that C .1, =C ura1 1 1+Caazani 1+ -
. +Cdatan11'

[0038] For example, during a data writing period, when a
data signal is applied to the first data line D, to make the first
pixel P, emit light, the data signal is temporarily stored in
the first data line capacitor C ;,,,; ; formedinthe data line D, ;.
Next, during a scan period, once the first pixel P, , is selected
by afirst scan signal S, the data voltage stored in the first data
line capacitor C,,,,; is applied to the first pixel P,;, so that
the first pixel P, |, emits light corresponding to the data volt-
age. In other words, the data line capacitors C,,,,11 ~Curami
formed in each of the data lines D, ; -D,,, temporarily store the
data signal applied to the data lines D,,-D,,, and apply the
stored data voltages to the pixels Py, ,-P,,.. selected by the
appropriate scan signal. Here, the data line capacitors C,,,, -
C jurami Make use of parasitic capacitors that are formed by
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the data lines D,,-D,,;, an electrode, and an insulating layer
interposed therebetween. Actually, the capacitance of each of
the data line capacitors C,,,11-C zrami that are equivalently
formed in the data lines D,,-D,,, may be greater than the
capacitance of a storage capacitor C,, included in each of the
pixels P,,,-P, ., in order to stably store the data signal. In
some embodiments, the data line capacitors C,,,,11-Ciuramic
have capacitance of about 20 pF to about 50 pF.

[0039] The scan driver 120 generates a scan signal in
response to scan control signals S, applied from the timing
controller 140 and sequentially transmits the scan signal to
the scan lines S, -S,,. Here, the scan driver 120 transmits the
scan signal to each scan line only during a partial period (i.e.,
a scan period) of one horizontal period 1H as shown in FIG.
6. More specifically, one horizontal period 1H is divided into
a scan period and a data writing period. The scan driver 120
transmits a scan signal to the scan line S during the scan
period of the one horizontal period 1H but does not transmit
the scan signal during the data writing period. Additionally,
the scan driver 120 generates an emission control signal in
response to the scan control signals S, and sequentially trans-
mits the emission control signal to the emission control lines
E,-E,, to control the emission operation.

[0040] The data driver 130 receives R, G, and B data from
the timing controller 140 and sequentially transmits R, G, B
data signals to output lines D, -D,, in response to data control
signals S ;. During the data writing period, the data driver 130
sequentially transmits k (k is an integral number equal to or
more than 2) data signals (but, FIG. 6 illustrates only R, G, B
data signals). More specifically, the data driver 130 sequen-
tially transmits data signals (e.g., R, G, and B data), which
will be supplied to corresponding pixels during a data writing
period of the one horizontal period 1H. In this case, since the
data signals R, G, and B, which will be supplied to the cor-
responding pixels, are supplied only during the data writing
period, the data writing period does not overlap the scan
period for which scan signals are supplied.

[0041] The timing controller 140 generates the data control
signals S ;and the scan control signals S, corresponding to R,
G, and B data supplied from an external graphic controller
(not shown) and horizontal and vertical synchronous signals.
The data control signals S, and the scan control signals S,
which are generated by the timing controller 140, are supplied
to the data driver 130 and the scan driver 120, respectively.
[0042] The demultiplexer unit 150 includes m demultiplex-
ers 151. Specifically, the demultiplexer unit 150 includes the
demultiplexers 151 in a number equal to the number of the
output lines D,-D  connected to the data driver 130. The
demultiplexers 151 have input terminals connected to the
output lines D,-D,,, respectively, and have output terminals
connected to the mxk data lines D, ;-D,,,,.. Each of the demul-
tiplexers 151 drive k data signals, to the k data lines to which
they are each connected. Because of the demultiplexers, the
number of output lines included in the data driver 130 is
sharply reduced. For example, assuming that k is 3, the num-
ber of output lines included in the data driver 130 is reduced
to about Y4 as many as in the conventional case, thus the
number of data integrated circuits (ICs) included in the data
driver 130 is also reduced. In the present invention, the data
signals, which are supplied to one output line D, are supplied
to the k data lines D,;-D,, using the demultiplexers 151, so
that the fabrication cost of the data ICs can be greatly reduced.
[0043] The demultiplexer controller 160 transmits k con-
trol signals to control terminals of the demultiplexers 151,
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during the data writing period of the one horizontal period
1H, such that the k data signals are each driven onto the
correct data line of the k data lines D, ;-D;,. In this case, the
k data signals, which are supplied from the demultiplexer
controller 160, are sequentially supplied so as to not overlap
one another during the data writing period as shown in FI1G. 6.
Meanwhile, although it is illustrated in FIG. 2 that the demul-
tiplexer controller 160 is installed separate from the timing
controller 140, in other embodiments the demultiplexer con-
troller 160 may be integrated with the timing controller 140.
[0044] FIG. 3 is a circuit diagram of an embodiment of one
of the demultiplexers shown in FIG. 2.

[0045] In the embodiment of FIG. 3, k is 3 for. Also, the
demultiplexer shown in FIG. 3 is connected to the first output
line D, of the data driver 130.

[0046] Referring to FIG. 3, the demultiplexer 151 includes
a first switching device T, a second switching device T,, and
athird switching device T;. Each of the switching devices T,
T,, and T; may be formed of a thin film transistor (TFT). In
this embodiment, each of the switching devices T;, T, and T,
is formed of a p-type metal oxide semiconductor field effect
transistor (MOSFET), however, in other embodiments they
may be formed of an n-type MOSFET, or another type of
switching element.

[0047] The first switching device T, is connected between
the first output line D, and the first data line D,,. The first
switching device T, is turned on when a first control signal
CS1 is supplied from the demultiplexer controller 160 and
transmits the data signal, which is supplied from the first
output line D, to the first data line D,;. The data signal
supplied to the first data line D, is stored in the first data line
capacitor C,,,,,, during the data writing period as described
above with reference to FIG. 2.

[0048] The second switching device T, is connected
between the first output line D, and the second data line D, ,.
The second switching device T, is turned on when a second
control signal CS2 is supplied from the demultiplexer con-
troller 160 and transmits the data signal, which is supplied
from the first output line D, to the second data line D, ,. The
data signal supplied to the second dataline D, , is stored in the
second data line capacitor C,,,,,, during the data writing
period as described above with reference to FIG. 2.

[0049] The third switching device T} is connected between
the first output line D, and the third data line D, 5. The third
switching device T} is turned on when a third control signal
CS3 is supplied from the demultiplexer controller 160 and
transmits the data signal, which is supplied from the first
output line D,, to the third data line D,;. The data signal
supplied to the third data line D, is stored in the third data
line capacitor C,,,,,;; during the data writing period as
described above with reference to FIG. 2. The operations of
the demultiplexers 151 will be described in detail later along
with the construction of the pixel 110.

[0050] FIG. 4 is a circuit diagram of one of the nxmxk
pixels shown in FIG. 2. Here, a pixel according to an one
embodiment is shown, but other pixels may also be used.
[0051] Referring to FIG. 4, the pixel 110 includes an
organic light emitting diode OLED and a pixel driving circuit
111, which is connected to a data line D,,;, scan lines S,, and
S,,.1, an emission control line E , a first voltage line Vdd, and
an initialization voltage line Vinit and generates a driving
current for the organic light emitting diode OLED. A data line
capacitor C,,, .z 1s formed in the data line D, to store a data
voltage for the pixel 110.
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[0052] The organic light emitting diode OLED has an
anode connected to the pixel driving circuit 111 and a cathode
connected to a second power supply line Vss. A second power
supply Vss may be a voltage lower than a first power supply
Vdd, for example, a ground or negative (-) voltage. The
organic light emitting diode OLED emits light corresponding
to the driving current supplied from the pixel driving circuit
111.

[0053] The pixel driving circuit 111 includes a storage
capacitor C, and six transistors M1-M6. Here, the first tran-
sistor M1 is a driving transistor, the third transistor M3 is a
threshold voltage compensation transistor for diode-connect-
ing the first transistor M1 to compensate for a threshold
voltage, and the fourth transistor M4 is an initialization tran-
sistor for initializing the storage capacitor C,,. Also, the sixth
transistor M6 is an emission control transistor for controlling
the emission of the organic light emitting diode OLED, and
the second and fifth transistors M2 and M5 are switching
transistors.

[0054] The second switching transistor M2 has a gate elec-
trode connected to an nth scan line S, and a source electrode
connected to the data line D,,;.. The second switching transis-
tor M2 is turned on in response to a scan signal transmitted
through the nth scan line S, and transmits a data voltage
applied from the data line capacitor C,,, -

[0055] The driving transistor M1 has a source electrode
connected to a drain electrode of the second switching tran-
sistor M2 and a gate electrode connected to a node N. A
source or drain electrode of the threshold voltage compensa-
tion transistor M3 and a first terminal of the storage capacitor
C,, are also connected to the node N, so that a gate voltage of
the driving transistor M1 is the same as voltage of the node N.
Thus, the driving transistor M1 generates a driving current
corresponding to the voltage applied to its gate electrode.
[0056] The threshold voltage compensation transistor M3
is connected between the gate and source electrodes of the
driving transistor M1 and diode-connects the driving transis-
tor M1 in response to the scan signal transmitted through the
nth scan line S,,. Thus, the driving transistor M1 functions as
a diode in response to the scan signal so that a voltage Vdata—
Vth[V] is applied to the node N and becomes the gate voltage
of the driving transistor M1.

[0057] The initialization transistor M4 is connected
between the initialization power supply line Vinit and the first
terminal of the storage capacitor C,. The initialization tran-
sistor M4 discharges electric charges, which are charged in
the storage capacitor C, during the previous frame period,
through the initialization power supply line Vinit in response
to a scan signal supplied through the (n-1)th scan line S, ,
connected to the gate electrode, so that the storage capacitor
C,, can be initialized.

[0058] The fifth switching transistor M5 is connected
between the first power supply line Vdd and the source elec-
trode of the driving transistor M1. The fifth switching tran-
sistor M5 is turned on in response to an emission control
signal supplied through the nth emission control line E,,
connected to the gate electrode and supplies the first power
supply Vdd to the source electrode of the driving transistor
Ml1.

[0059] The emission control transistor M6 is connected
between the driving transistor M1 and the organic light emit-
ting diode OLED. The emission control transistor M6 trans-
mits the driving current, which is generated by the driving
transistor M1, to the organic light emitting diode OLED in
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response to an emission control signal supplied through the
nth emission control line E,, connected to the gate electrode.
[0060] The storage capacitor C,, is connected between the
first power supply line Vdd and the gate electrode of the
driving transistor M1. The storage capacitor C,, maintains
electric charges so as to maintain a voltage difference
between the first power supply Vdd and the voltage Vdata—
Vth[V] applied to the gate electrode of the driving transistor
M1, during one frame period.

[0061] Although it is illustrated in FIG. 4 that each of the
transistors M1-M6 is a p-type MOSFET, each of the transis-
tors M1-M6 can instead be designed as an N-type MOSFET.
[0062] FIG. 5 is a detailed circuit diagram showing the
connection of the demultiplexer with the pixels shown in FIG.
2, and FIG. 6 is a timing diagram illustrating operations of a
pixel circuit shown in FIG. 5. Here, red (R), green (G), and
blue (B) pixels are connected to the demultiplexers 151 which
is connected to the first output line D1 (i.e., k=3).

[0063] Referringto FIGS.5 and 6, a low-level scan signal is
applied to the (n—1)th scan line S,,_; during an (n-1)th scan
period of one horizontal period 1H. Once the scan signal
applied to the (n-1)th scanline S, _,, the initialization transis-
tor M4, which is included in each of the R, G, and B pixels, is
turned on. When the initialization transistor M4 is turned on,
one terminal of the storage capacitor C,,and a gate terminal of
the driving transistor M1 are connected to the initialization
power supply line Vinit. That is, when the scan signal is
applied to the (n—1)th scan line S,_,, a data voltage of the
previous frame stored in the storage capacitor C_, of each of
the R, G, and B pixels, i.e., the gate voltage of the driving
transistor M1, is initialized. When the scan signal is applied to
the (n-1)th scan line S,,_|, the first switching transistor M2
connected to the nth scan line S, remains turned off.

[0064] Thereafter, the first switching device T, the second
switching device T,, and the third switching device T; are
sequentially turned on in response to the first through third
control signals CS1, CS2, and CS3 that are sequentially sup-
plied during the data writing period. Initially, when the first
switching device T is turned on in response to the first control
signal CS1, an R data signal supplied to the first output line D,
is applied to the first data line D, ;. In this case, the first data
line capacitor C,,, , is charged with a voltage corresponding
to the R data signal applied to the first data line D, ;. Next, the
second switching device T, is turned on in response to the
second control signal CS2, thus a G data signal supplied to the
first output line D1 is applied to the second data line D, ,. In
this case, the second data line capacitor C,,,,,, is charged
with a voltage corresponding to the G data signal applied to
the second dataline D ,. Finally, the third switching device T
is turned on in response to the third control signal CS3, thus a
B data signal supplied to the first output line D, is applied to
the third data line D, ;. In this case, the third data line capaci-
tor C,,,;5 is charged with a voltage corresponding to the B
data signal applied to the third data line D,;. Meanwhile,
since no scan signal is applied to the nth scan line S, during
the data writing period, the R, G, and B data signals are not
supplied to the R, G, and B pixels.

[0065] Thereafter, a low-level scan signal is applied to the
nth scan line S, during an nth scan period that follows the data
writing period. Once the scan signal is applied to the nth scan
line S,,, the first switching transistor M2 and the threshold
voltage compensation transistor M3 which are included in
each of the R, G, and B pixels are turned on. The first switch-
ing transistor M2 of each of the R, G, and B pixels transmits
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a voltage Vdata corresponding to the R, G, and B data signals,
which are stored in the first through third data line capacitors
Ciara11-Caarar 5 10 the data writing period, to the R, G, and B
pixels. The threshold voltage compensation transistor M3
serves to diode-connect the driving transistor M1. That is, a
voltage Vdata-Vth,,[V] corresponding to a difference
between the voltage Vdata corresponding to the R, G, and B
data signals stored in the first through third data line capaci-
1018 C ;,,011-Cyara1 5 a0d a threshold voltage Vth of the driving
transistor M1 is applied to the gate terminal of the driving
transistor M1 and one terminal of the storage capacitor C,,
through the diode-connected driving transistor M1.
[0066] Thereafter, a low-level emission control signal is
applied to the emission control line En. Thus, both the fifth
switching transistor M5 and the emission control transistor
M6 are turned on, so that a driving current corresponding to
the first power supply Vdd applied to the source terminal of
the driving transistor M1 and the voltage Vdata-Vth,,
applied to its gate terminal is supplied to the organic light
emitting diode OLED through the emission control transistor
M6. Thus, the organic light emitting diode OLED emits light
with a luminance corresponding to the data.
[0067] In this case, the driving current supplied to the
organic light emitting diode OLED can be expressed as Equa-
tion 1:

To12n=K(Vgsup~Vihyy =K (Vdd-Vdata+Vih, -

Vihy?=K(Vdd-Vdata)? 1)
where I ,; -, is the current that flows through the organic light
emitting diode OLED, Vgs,,, is the voltage between the
source and gate electrodes of the first transistor M1, Vth, ,, is
the threshold voltage of the first transistor M1, Vdata is the
data voltage, Vdd is the first voltage, and K is a constant.
[0068] As can be seen from Equation 1, the driving current
corresponding to the first power supply voltage Vdd and the
R, G, and B data voltages Vdata stored in the data line capaci-
tors Cuu0115 Caararzs and Cy,,, 5 of an the data lines D11,
D12, and D13 flows through the organic light emitting diode
OLED irrespective of the threshold voltage Vth,,, of the
driving transistor M1. In other words, a pixel according to an
exemplary embodiment of the present invention detects a
variance of the threshold voltage Vth,,, of the driving tran-
sistor M1 using the threshold voltage compensation transistor
M3 and compensates for the variance on its own, thereby
improving the non-uniformity of luminance resulting from
the variance of the threshold voltage Vth,,,.
[0069] Accordingly, the OLED is advantageous in supply-
ing R, G, and B data signals, which are sequentially applied to
the first output line D1, to the k data lines D, ,-D,; using the
demultiplexers 151. Also, voltages corresponding to data sig-
nals are stored in the data line capacitors C,,,,11-Caureir
during the data writing period, and the voltages stored in the
data line capacitors C,,,11-C z..a1 @re applied to pixels dur-
ing the scan period. Since the voltages stored in the data line
capacitors C,,,11-Ciurai1x are simultaneously applied to the
respective pixels, i.e., since the respective data signals are
supplied at the same point in time, an image with uniform
luminance can be displayed.
[0070] However, as one horizontal period 1H is divided into
the scan period and the data writing period, the data line
capacitor C,,,,.. and the storage capacitor C,, included in
each of the pixels, which are separated during the data writing
period, are connected to each other during the scan period.
Thus, electric charges equivalent to the data voltage Vdata
stored in the data line capacitor C,,,,,.. are shared between
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the capacitors C ... and C, so that the gate voltage VgM1
of the driving transistor M1 is substantially given by.

CdatasVdata + Csis(Vinir— Vdd) 2)

VM1 =
§ (Cdata + Cst)

where Vg, ,, is the gate voltage of the driving transistor M1,
Vdata is the data voltage, Vinit is the initialization voltage,
Vdd is the first power supply, C,,,, is the data line capacitor,
and C_, the storage capacitor included in each of the pixels.
[0071] As can be seen from Equation 2, there may be a
difference between the gate voltage Vg, , of the driving tran-
sistor M1 and the data voltage Vdata applied according to the
capacitances of the data line capacitor C,,,, and the storage
capacitor C,, included in each of the pixels. Because of the
difference between the applied data voltage Vdata and the
gate voltage Vg, ,,, the luminance of the OLED may become
non-uniform.

[0072] FIG. 7 is a graph of simulation results showing gate
voltages of a driving transistor versus capacitances of a data
line capacitor and a storage capacitor of a pixel. In FIG. 7, it
is assumed that the data voltage Vdata applied to each pixel of
FIG.5is 3 [V].

[0073] Referring to FIG. 7, the simulation results were
obtained by measuring the gate voltage Vg,,, of the driving
transistor M1 while setting the capacitance of the storage
capacitor C, included in the pixel to 0.2, 0.4, 0.6, 0.8, and 1
[PF] and varying the capacitance of the data line capacitor
C uze from 5 to 50 [PF].

[0074] In applying a data voltage Vdata of 3[V] to the data
line, when the capacitance of the data line capacitor C,,, was
5 [PF], the gate voltage Vg, ,, of the driving transistor M1 was
2, 2.35, and 2.75[V] when the capacitance of the storage
capacitor C,, included in the pixel was 1, 0.6, and 0.2 [PF],
respectively.

[0075] However, as the capacitance of the data line capaci-
tor C,,,, was increased to 20 [PF], the gate voltage Vg,,, of
the driving transistor M1 was 2.7, 2.85, and 2.94[ V] when the
capacitance of the storage capacitor C, included in the pixel
was 1, 0.6, and 0.2 [PF], respectively. That is, the gate voltage
Vg, of the driving transistor M1 was generally increased
higher than when the capacitance of the data line capacitor
C ura Was 5 [PF].

[0076] Also, as the capacitance of the data line capacitor
C ura Was increased to 50 [PF], the gate voltage Vg, of the
driving transistor M1 was 2.89, 2.93, and 2.98[V] when the
capacitance of the storage capacitor C, included in the pixel
was 1, 0.6, and 0.2 [PF], respectively. That is, the gate voltage
Vg, of the driving transistor M1 was generally increased
higher than when the capacitance of the data line capacitor
Cura Was 20 [PF]. Accordingly, based on the simulation
results of FIG. 7, it can be concluded that when the data line
capacitor C,,,, has much greater capacitance than the storage
capacitor C, of the pixel, the gate voltage Vg, ,, of the driving
transistor M1 is equal or close to the applied data voltage
Vdata. That is, in the pixel to which the data voltage Vdata is
applied using the demultiplexer of FIG. 5 according to the
timing diagram of FIG. 6, the capacitance of the data line
capacitor C,,,, may be about 20 to 50 [PF]. In this case, the
applied data voltage Vdata becomes almost equal to the gate
voltage Vg, of the driving transistor M1 so that the OLED
has uniform luminance.
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[0077] Processes of fabricating pixels for substantially
elevating the capacitance of the data line capacitor C,,,,, to 20
to 50 [PF] will now be described with reference to cross-
sectional views of FIGS. 8 through 11.

[0078] FIG. 8 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to one embodiment. In FIG. 8, a pixel region is
divided into 3 regions, i.e., a TFT region (a), a data line
capacitor region (b), and a storage capacitor region (c). The
TFT region (a) supplies a driving current to an organic light
emitting diode. The data line capacitor region (b) receives a
data voltage during the data writing period and temporarily
stores the data voltage. Also, the storage capacitor region (c)
stores the data voltage for a predetermined time during an nth
scan period.

[0079] Referring to FIG. 8, a substrate 200 is prepared to
form the pixel region according to one embodiment. The
substrate 200 may be a transparent or opaque substrate. Also,
the substrate 200 may comprise at least one of glass, plastic,
quartz, silicon and metal.

[0080] A buffer layer 205 may be formed on the substrate
200. The buffer layer 205 may comprise at least one of a
silicon oxide (SiO,) layer, a silicon nitride (SiN,) layer, a
silicon oxynitride (SiO,Ny) layer, and a multi-layer thereof.
[0081] First through third semiconductor layers 207, 208,
and 209 are patterned on the buffer layer 205. That is, the first
semiconductor layer 207 is patterned in the storage capacitor
region (c), the second semiconductor layer 208 is patterned in
the TFT region (a), and the third semiconductor layer 209 is
patterned in the data line capacitor region (b). The first
through third semiconductor layers 207, 208, and 209 may be
amorphous silicon (a-Si) layers or polysilicon silicon (poly-
Si) layers obtained by crystallizing the a-Si layers. In some
embodiments, the first through third semiconductor layers
207, 208, and 209 are poly-Si layers having high charge
mobility.

[0082] A gate insulating layer 210 is formed over the entire
surface of the substrate 200 including the first through third
semiconductor layers 207, 208, and 209. The gate insulating
layer 210 may comprise at least one of a silicon oxide (SiO,)
layer, a silicon nitride (SiN,) layer, a silicon oxynitride
(SiO,Ny) layer, and a multi-layer thereof.

[0083] A first electrode 212 of a storage capacitor C,, is
formed on the gate insulating layer 210 in the storage capaci-
tor region (c) to overlap the first semiconductor layer 207, and
a gate electrode 214 is formed on the TFT region (a) to overlap
the second semiconductor layer 208. In this case, while the
first electrode 212 and the gate electrode 214 are being
formed, scan lines (S,,_ |, S,,, and E,, of FIG. 4) can be formed
at the same time.

[0084] Thereafter, dopants (n* or p* type) are implanted
into the second semiconductor layer 208 in the TFT region (a)
using the gate electrode 214 as a mask. Thus, source and drain
regions 2084 and 2085 are formed in regions that do not
overlap the gate electrode 214 formed on the second semi-
conductor layer 208. In this case, a channel region 208c¢ is
defined between the source and drain regions 2084 and 2085.
[0085] Aninterlayer insulating layer 220 is formed over the
entire surface of the substrate 200 including the first electrode
212 and the gate electrode 214. Contact holes are formed in
the interlayer insulating layer 220 and the gate insulating
layer 210 to expose the first through third semiconductor
layers 207,208, and 209. A conductive layer is formed on the
substrate 200 including the contact holes and then patterned,
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thereby forming source and drain electrodes 221 and 223 in
the TFT region (a). Then, a data line 225 and a metal 227
which applies a reference voltage to the third semiconductor
layer 209, are formed in the data line capacitor region (b).
Also, a second electrode 229, which comes into contact with
the first semiconductor layer 207, is formed in the storage
capacitor region (c).

[0086] Here, the second semiconductor layer 208, the gate
insulating layer 210, the gate electrode 214, the source elec-
trode 221, and the drain electrode 223 are formed in the TFT
region (a) to produce a TFT. The TFT may be, for example, a
driving transistor (M1 of FIG. 4), which generates a driving
current, or an emission control transistor (M6 of FIG. 4),
which supplies the driving current to the organic light emit-
ting diode OLED.

[0087] Also, the first semiconductor layer 207, the gate
insulating layer 210, the first electrode 212, the interlayer
insulating layer 220, and the second electrode 229 which is in
contact with the first semiconductor layer 207, are formed in
the storage capacitor region (¢) to produce a storage capacitor

sz*
[0088] Further, the third semiconductor layer 209, the gate
insulating layer 210, the interlayer insulating layer 220, the
data line 225 are formed in the data line capacitor region (b)
to produce a first data line capacitor C,,,, -
[0089] A passivation layer 230 is formed over the entire
surface of the substrate 200 including the electrodes 221, 223,
225, 227, and 229 that are formed by patterning the conduc-
tive layer. The passivation layer 230 may comprise at least
one of a silicon oxide (Si0,) layer, a silicon nitride (SiNy)
layer, and a multi-layer thereof. In some embodiments the
passivation layer 230 is formed of a silicon nitride (SiNy)
layer, which effectively protects the underlying TFT from gas
or moisture and may be hydrogen-rich to protect incomplete
bonding existing in grain boundaries of the poly-Si layer.
[0090] A firstviahole 232 is formed in the passivation layer
230 to expose the drain electrode 223 of the TFT.
[0091] A planarization layer 235 is formed on the passiva-
tion layer 230 to reduce the step height, and may comprise at
least one of an organic layer, such as a benzocyclobutene
(BCB) layer, a polyimide layer, and a polyacryl layer.
[0092] A second via hole 237 and a third via hole 239 are
formed in the planarization layer 235. The second via hole
237 exposes the drain electrode 223 of the TFT in the TFT
region (a), and the third via hole 239 exposes the passivation
layer 230 formed on the data line 225 in the data line capacitor
region (b).
[0093] A pixel electrode 240 is formed on the planarization
layer 235 having the second via hole 237 in the storage
capacitor region (c) and the TFT region (a). The pixel elec-
trode 240 is in contact with the drain electrode 223 that is
exposed by the second via hole 237 in the TFT region (a).
Also, since the pixel shown in FIG. 8 is a top-emitting type,
the pixel electrode 240 may be formed of a light-reflecting
conductive layer. The light-reflecting conductive layer may
comprise at least one of Ag, Al, Ni, Pt, Pd, and an alloy thereof
having a high work function. The light-reflecting conductive
layer may comprise at least one of Mg, Ca, Al, Ag, Ba, or an
alloy thereof having a low work function. In some embodi-
ments, before the pixel electrode 240 is formed, a reflective
layer pattern 242 may be further formed, and then the pixel
electrode 240 may be formed thereon using a light-transmit-
ting conductive layer. The light-transmitting conductive layer
may comprise at least one of an indium tin oxide (ITO) and
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indium zinc oxide (IZO) layer. In some embodiments the
reflective layer pattern 242 has a reflectivity of 60% or higher
and comprises at least one of Al, an Al alloy, Ag, an Ag alloy,
and an alloy thereof. This reflective layer pattern 242 may be
formed spaced apart from the second via hole 237 by a pre-
determined distance.

[0094] A pixel defining layer (PDL) 245 is formed over the
entire surface of the substrate 200 including the pixel elec-
trode 240. The PDL 245 may comprise at least one of BCB,
acrylic photoresist, phenolic photoresist, and imidic photore-
sist.

[0095] Anopening 247 and a fourth viahole 249 are formed
in the PDL 245. The opening 247 exposes at least a portion
(emission region) of the pixel electrode 240 and the fifth via
hole 249 exposes the passivation layer 230 formed on the data
line 225 in the data line capacitor region (b).

[0096] An organic emission layer 250 is formed on the
region of the pixel electrode 240 that is exposed by the open-
ing. The organic emission layer 250 may be formed by a
vacuum deposition process, an inkjet printing process, or a
laser induced thermal imaging (LITI) process. Further, a hole
injection layer, a hole transport layer, a hole blocking layer, an
electron transport layer, or an electron injection layer may be
formed on or under the organic emission layer 250. Subse-
quently, an opposite electrode 255 is formed on the entire
surface of the substrate 200 including the organic emission
layer 250 and the PDL 245. The opposite electrode 255 may
comprise at least one of a light-transmitting conductive layer
and a metal reflective layer. The light-transmitting conductive
layer may be an ITO or IZO layer or formed of Mg, Ca, Al,
Ag, Ba, or an alloy thereof to such a small thickness as to
transmit light.

[0097] In the storage capacitor region (c) and the TFT
region (a), the pixel electrode 240, the organic emission layer
250, and the opposite electrode 255 constitute an organic light
emitting diode OLED. Also, the data line 225, the passivation
layer 230, and the opposite electrode 255 form a second data
line capacitor C,,,, in the data line capacitor region (b).
[0098] While the organic light emitting diode operates,
holes and electrons (or electrons and holes) are emitted from
the pixel electrode 240 and the opposite electrode 255,
respectively, and injected into the organic emission layer 250.
The holes and electrons combine with each other in the
organic emission layer 250, thus generating excitons. As the
excitons are changed from an excited state to a ground state,
the organic emission layer 250 emits light. The light emitted
from the organic emission layer 250 is reflected by the pixel
electrode 240 formed of a light-reflecting conductive layer or
the reflective layer pattern 242 disposed under the pixel elec-
trode 240 formed of a light-transmitting conductive layer, and
passes through the opposite electrode 255 formed of the light-
transmitting layer to be emitted to the exterior.

[0099] As described above, the pixel according one
embodiment includes the first data line capacitor C,,,,,
obtained by forming the third semiconductor layer 209 under
the data line 225. Also, the planarization layer 235 and the
PDL 245 are etched through the third and/or fourth via holes
239 and/or 249 in the data line capacitor region (b), so that the
opposite electrode 255 and the data line 225 form the second
dataline capacitor C,,, 2 using only the passivation layer 230
as a dielectric layer.

[0100] Accordingly, the data line capacitor C,,,, has a
structure to which the first and second data line capacitors
Cjarar and C 4, are connected in parallel about the data line
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225. Thatis, C,,,,~C sura1+Cauraz- In applying the pixel struc-
ture according to one embodiment, the data line capacitor
C .0 has a capacitance of 20 to 50 [PF], which is about 16
times more than in the conventional pixel structure. There-
fore, when the pixel driving method using the demultiplexers
is applied according that described above, the gate voltage Vg
of the driving transistor becomes substantially equal to the
applied data voltage Vdata, so that the OLED can display
improved gray scale and have substantially uniform lumi-
nance.

[0101] The capacitance of the data line capacitor C,,, may
be adjusted by controlling the size of a via hole formed in an
insulating layer, such as a passivation layer, a planarization
layer, or a PDL and the size of a contact hole via which a
semiconductor layer is in contact with a metal.

[0102] FIG. 9 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to another embodiment. In FIG. 9, a pixel region is
divided into 3 regions, i.e., a TFT region (a), a data line
capacitor region (b), and a storage capacitor region (c¢) like in
FIG. 8. Here, the same processes as described with reference
to FIG. 8 will be briefly described, but different processes will
be described in detail.

[0103] Referring to FIG. 9, a substrate 200 is prepared to
form a pixel region. A buffer layer 205 may be formed on the
substrate 200.

[0104] First through third semiconductor layers 207, 208,
and 209 are patterned over the buffer layer 205. That is, the
first semiconductor layer 207 is patterned in the storage
capacitor region (c), the second semiconductor layer 208 is
patterned in the TFT region (a), and the third semiconductor
layer 209 is patterned in the data line capacitor region (b).
[0105] A gate insulating layer 210 is formed over the entire
surface of the substrate 200 including the first through third
semiconductor layers 207, 208, and 209. The gate insulating
layer 210 may comprise at least one of a silicon oxide (SiO,)
layer, a silicon nitride (SiN,) layer, a silicon oxynitride
(SiO,Ny) layer, and a multi-layer thereof.

[0106] A first electrode 212 of a storage capacitor C,, is
formed on the gate insulating layer 210 in the storage capaci-
tor region (¢) to overlap the first semiconductor layer 207, and
a gate electrode 214 is formed in the TFT region (a) to overlap
the second semiconductor layer 208. In this case, while the
first electrode 212 and the gate electrode 214 are being
formed, scan lines (S,,_, S,,, and En of FIG. 4) may also be
formed at the same time.

[0107] Thereafter, dopants (n* or p* type) are implanted
into the second semiconductor layer 208 in the TFT region (a)
using the gate electrode 214 as a mask. Thus, source and drain
regions 208a and 2084 are formed in regions that do not
overlap the gate electrode 214 formed on the second semi-
conductor layer 208. In this case, a channel region 208c¢ is
defined between the source and drain regions 2084 and 2085.
[0108] Aninterlayer insulating layer 220 is formed over the
entire surface of the substrate 200 including the first electrode
212 and the gate electrode 214. Contact holes are formed in
the interlayer insulating layer 220 and the gate insulating
layer 210 to expose the first through third semiconductor
layers 207, 208, and 209. A conductive layer is formed over
the substrate 200 including the contact holes and then pat-
terned, thereby forming source and drain electrodes 221 and
223 in the TFT region (a). Then, a data line 225 and a metal
227, which applies a reference voltage to the third semicon-
ductor layer 209, are formed in the data line capacitor region
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(b). Also, a second electrode 229, which comes into contact
with the first semiconductor layer 207, is formed in the stor-
age capacitor region (c).

[0109] Here, the second semiconductor layer 208, the gate
insulating layer 210, the gate electrode 214, the source elec-
trode 221, and the drain electrode 223 are formed in the TFT
region (a) to produce a TFT. The TFT may, for example be a
driving transistor (M1 of FIG. 4), which generates a driving
current, or an emission control transistor (M6 of FIG. 4),
which supplies the driving current to the organic light emit-
ting diode OLED.

[0110] Also, the first semiconductor layer 207, the gate
insulating layer 210, the first electrode 212, the interlayer
insulating layer 220, and the second electrode 229 which is in
contact with the first semiconductor layer 207, are formed in
the storage capacitor region (c) to form a storage capacitor
C,.

[0111] Further, the third semiconductor layer 209, the gate
insulating layer 210, the interlayer insulating layer 220, the
data line 225 are stacked in the data line capacitor region (b)
to form a first data line capacitor C,,,,,.

[0112] A passivation layer 230 is formed over the entire
surface of the substrate 200 including the electrodes 221, 223,
225,227, and 229 that are formed by patterning the conduc-
tive layer. The passivation layer 230 may comprise at least
one of a silicon oxide (SiO,) layer, a silicon nitride (SiN)
layer, and a multi-layer thereof. Also, in some embodiments
the passivation layer 230 may not be formed.

[0113] A first via hole 232 and a second via hole 234 are
formed in the passivation layer 230. The first via hole 232
exposes the drain electrode 223 of the TFT, and the second via
hole 234 exposes the data line 225.

[0114] A planarization layer 235 is formed on the passiva-
tion layer 230 to reduce the step height, and may be formed of
an organic layer. A third via hole 237 is formed in the pla-
narization layer 235 in the TFT region (a) to expose the drain
electrode 223 in a region where the first via hole 232 is
formed. Also, a fourth via hole 239 is formed in the planariza-
tion layer 235 formed on the data line 225.

[0115] A pixel electrode 240 is formed on the planarization
layer 235 having the third via hole 237 in the storage capacitor
region (c) and the TFT region (a). The pixel electrode 240 is
in contact with the drain electrode 223 that is exposed by the
third via hole 237 in the TFT region (a). Additionally, since
the pixel shown in FIG. 9 is a top-emitting type, the pixel
electrode 240 may be formed of a light-reflecting conductive
layer. In another embodiment, before the pixel electrode 240
is formed, a reflective layer pattern 242 may be further
formed, and then the pixel electrode 240 may be formed using
a light-transmitting conductive layer. This reflective layer
pattern 242 may be spaced apart from the third via hole 237 by
a predetermined distance.

[0116] A PDL 245 is formed on the entire surface of the
substrate 200 including the pixel electrode 240. An opening
247 and a fifth via hole 249 are formed in the PDL 245. The
opening 247 exposes at least a portion (emission region) of
the pixel electrode 240, and the fifth via hole 249 exposes the
partially etched planarization layer 235 on the data line 225.
[0117] An organic emission layer 250 is formed on the
pixel electrode 240 that is exposed by the opening 247. Sub-
sequently, an opposite electrode 255 is formed on the entire
surface of the substrate 200 including the organic emission
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layer 250 and the PDL 245. The opposite electrode 255 may
comprise at least one of a light-transmitting conductive layer
and a metal reflective layer.

[0118] In the storage capacitor region (¢) and the TFT
region (a), the pixel electrode 240, the organic emission layer
250, and the opposite electrode 255 form an organic light
emitting diode. Also, the data line 225, the planarization layer
235, and the opposite electrode 255 form a second data line
capacitor C,,,, in the data line capacitor region (b).

[0119] As described above, in the pixel according to one
embodiment, the first data line capacitor C,,,, is produced by
forming the third semiconductor layer 209 under the data line
225. Also, the passivation layer 230, the planarization layer
235, and the PDL 245 are etched through the second, fourth,
and fifth via holes 234, 239 and 249 in the data line capacitor
region (b), so that the opposite electrode 255 and the data line
225 constitute the second data line capacitor C,,,, using only
the planarization layer 235 as a dielectric layer.

[0120] Accordingly, the data line capacitor C,,,, has a
structure to which the first and second data line capacitors
Cara1 and C .., are connected in parallel about the data line
225.Thatis, C,,,,7C ;.ra1+C duran- In applying the pixel struc-
ture according to the second embodiment of the present
invention, the data line capacitor C ,,, has a capacitance of 20
to 50 [PF], which is about 16 times more than in the conven-
tional pixel structure. Therefore, when the pixel driving
method using the demultiplexers is used, the gate voltage Vg
of a driving transistor becomes substantially equal to the
applied data voltage Vdata, so that the OLED can display
exact gray scale and have uniform luminance.

[0121] The capacitance of the data line capacitor C ,,,, may
be adjusted by controlling the size of a via hole formed in an
insulating layer, such as a passivation layer, a planarization
layer, or a PDL and the size of a contact hole via which a
semiconductor layer is in contact with a metal layer.

[0122] FIG. 10 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to yet another embodiment. In FIG. 10, a pixel
region is divided into 3 regions, i.e., a TFT region (a), a data
line capacitor region (b), and a storage capacitor region (c)
like in FIG. 8. Here, the same processes as described with
reference to FIG. 8 will be briefly described, but different
processes will be described in detail.

[0123] Referring to FIG. 10, to form a pixel region accord-
ing to this embodiment, a substrate 200 is prepared. A buffer
layer 205 may be formed on the substrate 200.

[0124] First through third semiconductor layers 207, 208,
and 209 are patterned over the buffer layer 205. That is, the
first semiconductor layer 207 is patterned in the storage
capacitor region (c), the second semiconductor layer 208 is
patterned in the TFT region (a), and the third semiconductor
layer 209 is patterned in the data line capacitor region (b).

[0125] A gate insulating layer 210 is formed on the entire
surface of the substrate 200 including the first through third
semiconductor layers 207, 208, and 209. The gate insulating
layer 210 may comprise at least one of a silicon oxide (SiO,)
layer, a silicon nitride (SiN,) layer, a silicon oxynitride
(SiO,Ny) layer, and a multi-layer thereof.

[0126] A first electrode 212 of a storage capacitor C,, is
formed on the gate insulating layer 210 in the storage capaci-
tor region (¢) to overlap the first semiconductor layer 207, and
a gate electrode 214 is formed in the TFT region (a) to overlap
the second semiconductor layer 208. In this case, while the
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first electrode 212 and the gate electrode 214 are being
formed, scan lines (S,,_;, S,,, and E, of FIG. 4) may be formed
at the same time.

[0127] Thereafter, dopants (n* or p* type) are implanted
into the second semiconductor layer 208 in the TFT region (a)
using the gate electrode 214 as a mask. Thus, source and drain
regions 208a and 2085 are formed in regions that do not
overlap the gate electrode 214 formed on the second semi-
conductor layer 208. In this case, a channel region 208c¢ is
defined between the source and drain regions 208a and 2085.
[0128] Aninterlayer insulating layer 220 is formed over the
entire surface of the substrate 200 including the first electrode
212 and the gate electrode 214. Contact holes are formed in
the interlayer insulating layer 220 and the gate insulating
layer 210 to expose the first through third semiconductor
layers 207, 208, and 209. A conductive layer is formed over
the substrate 200 including the contact holes and then pat-
terned, thereby forming source and drain electrodes 221 and
223 in the TFT region (a). Then, a data line 225 and a metal
227, which applies a reference voltage to the third semicon-
ductor layer 209, are formed in the data line capacitor region
(b). Also, a second electrode 229, which comes into contact
with the first semiconductor layer 207, is formed in the stor-
age capacitor region (c).

[0129] Here, the second semiconductor layer 208, the gate
insulating layer 210, the gate electrode 214, the source elec-
trode 221, and the drain electrode 223 are stacked in the TFT
region (a) to form a TFT. The TFT may, for example, be a
driving transistor (M1 of FIG. 4), which generates a driving
current, or an emission control transistor (M6 of FIG. 4),
which supplies the driving current to the organic light emit-
ting diode OLED. Also, the first semiconductor layer 207, the
gate insulating layer 210, the first electrode 212, the interlayer
insulating layer 220, and the second electrode 229, whichis in
contact with the first semiconductor layer 207, are formed
such that they overlap in the storage capacitor region (c) to
form a storage capacitor C . Further, the third semiconductor
layer 209, the gate insulating layer 210, the interlayer insu-
lating layer 220, the data line 225 are formed such that they
overlap in the data line capacitor region (b) to form a first data
line capacitor C ;-

[0130] A passivation layer 230 is formed over the entire
surface of the substrate 200 including the electrodes 221, 223,
225, 227, and 229 that are formed by patterning the conduc-
tive layer. The passivation layer 230 may comprise at least
one of a silicon oxide (Si0O,) layer, a silicon nitride (SiNy)
layer, and a multi-layer thereof. Also, in some embodiments
the passivation layer 230 may not be formed. A first via hole
232 and a second via hole 234 are formed in the passivation
layer 230. The first via hole 232 exposes the drain electrode
223 of the TFT, and the second via hole 234 exposes the data
line 225.

[0131] A planarization layer 235 is formed on the passiva-
tion layer 230 to reduce the step height, and may be formed of
an organic layer, such as a BCB layer, a polyimide layer, or a
polyacryl layer. A third via hole 237 is formed in the pla-
narization layer 235 in the TFT region (a) to expose the drain
electrode 223 in a region where the first via hole 232 is
formed. Also, a fourth via hole 239 is formed to expose the
data line 225.

[0132] A pixel electrode 240 is formed on the planarization
layer 235 having the third via hole 237 in the storage capacitor
region (c) and the TFT region (a). The pixel electrode 240 is
in contact with the drain electrode 223 that is exposed by the
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third via hole 237 in the TFT region (a). Additionally, since
the pixel shown in FIG. 10 is a top-emitting type, the pixel
electrode 240 may be formed of a light-reflecting conductive
layer. In another embodiment, before the pixel electrode 240
is formed, a reflective layer pattern 242 may be further
formed, and then the pixel electrode 240 may be formed using
a light-transmitting conductive layer. This reflective layer
pattern 242 may be spaced apart from the third via hole 237 by
a predetermined distance.

[0133] A PDL 245 is formed on the entire surface of the
substrate 200 including the pixel electrode 240. An opening
247 and a fifth via hole 249 are formed in the PDL 245. The
opening 247 exposes at least a portion (emission region) of
the pixel electrode 240, and a portion of the PDL 245 is etched
by the fifth via hole 249 on the data line 225.

[0134] An organic emission layer 250 is formed on the
pixel electrode 240 that is exposed by the opening 247. Sub-
sequently, an opposite electrode 255 is formed on the entire
surface of the substrate 200 including the organic emission
layer 250 and the PDL 245. The opposite electrode 255 may
comprise at least one of a light-transmitting conductive layer
and a metal reflective layer.

[0135] In the storage capacitor region (¢) and the TFT
region (a), the pixel electrode 240, the organic emission layer
250, and the opposite electrode 255 form an organic light
emitting diode. Also, the data line 225, the planarization layer
235, and the opposite electrode 255 form a second data line
capacitor C,,,,, in the data line capacitor region (b).

[0136] As described above, the pixel according to one
embodiment, the first data line capacitor C ,,,,, is produced by
forming the third semiconductor layer 209 under the data line
225. Also, the passivation layer 230, the planarization layer
235, and the PDL 245 are etched through the second, fourth,
and fifth via holes 234, 239 and 249 in the data line capacitor
region (b), and the opposite electrode 255 and the data line
225 constitute the second data line capacitor C,,,, , using
only the PDL 245 as a dielectric layer.

[0137] Accordingly, the data line capacitor C,,,, has a
structure to which the first and second data line capacitors
C ura1 and C ..., are connected in parallel about the data line
225. Thatis, C,,,=C sura1 +C auran- In applying the pixel struc-
ture according to the third embodiment of the present inven-
tion, the data line capacitor C,,, has a capacitance 020 to 50
[PF], which is about 16 times more than in the conventional
pixel structure. Therefore, when the pixel driving method
using the demultiplexers is used, the gate voltage Vg of a
driving transistor becomes substantially equal to the applied
data voltage Vdata, so that the OLED can display exact gray
scale and have uniform luminance.

[0138] The capacitance of the data line capacitor C,,, may
be adjusted by controlling the size of a via hole formed in an
insulating layer, such as a passivation layer, a planarization
layer, or a PDL and the size of a contact hole via which a
semiconductor layer is in contact with a metal layer.

[0139] FIG. 11 is a cross-sectional view of a pixel having a
structure to increase the capacitance of a data line capacitor
according to yet another embodiment. In FIG. 11, a pixel
region is divided into 3 regions, i.e., a TFT region (a), a data
line capacitor region (b), and a storage capacitor region (c)
like in FIG. 8. Here, the same processes as described with
reference to FIG. 8 will be briefly described, but different
processes will be described in detail.
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[0140] Referring to FIG. 11, to form a pixel region accord-
ing to this embodiment, a substrate 200 is prepared. A buffer
layer 205 may be formed on the substrate 200.

[0141] First through third semiconductor layers 207, 208,
and 209 are patterned on the buffer layer 205. That is, the first
semiconductor layer 207 is patterned in the storage capacitor
region (c), the second semiconductor layer 208 is patterned in
the TFT region (a), and the third semiconductor layer 209 is
patterned in the data line capacitor region (b).

[0142] A gateinsulating layer 210 is formed over the entire
surface of the substrate 200 including the first through third
semiconductor layers 207, 208, and 209. The gate insulating
layer 210 may comprise at least one of a silicon oxide (SiO,)
layer, a silicon nitride (SiN,) layer, a silicon oxynitride
(SiO,Ny) layer, and a multi-layer thereof.

[0143] A first electrode 212 of a storage capacitor C,, is
formed on the gate insulating layer 210 in the storage capaci-
tor region (c) to overlap the first semiconductor layer 207, and
a gate electrode 214 is formed in the TFT region (a) to overlap
the second semiconductor layer 208. In this case, while the
first electrode 212 and the gate electrode 214 are being
formed, scan lines (S,,_;, S,,, and E, of FIG. 4) may also be
formed at the same time.

[0144] Thereafter, dopants (n* or p* type) are implanted
into the second semiconductor layer 208 in the TFT region (a)
using the gate electrode 214 as a mask. Thus, source and drain
regions 208a and 2085 are formed in regions that do not
overlap the gate electrode 214 formed on the second semi-
conductor layer 208. In this case, a channel region 208c¢ is
defined between the source and drain regions 2084 and 2085.
[0145] Aninterlayer insulating layer 220 is formed over the
entire surface of the substrate 200 including the first electrode
212 and the gate electrode 214. Contact holes are formed in
the interlayer insulating layer 220 and the gate insulating
layer 210 to expose the first through third semiconductor
layers 207, 208, and 209. A conductive layer is formed over
the substrate 200 including the contact holes and then pat-
terned, thereby forming source and drain electrodes 221 and
223 in the TFT region (a). Then, a data line 225 and a metal
227, which applies a reference voltage to the third semicon-
ductor layer 209, are formed in the data line capacitor region
(b). Also, a second electrode 229, which comes into contact
with the first semiconductor layer 207, is formed in the stor-
age capacitor region (c).

[0146] Here, the second semiconductor layer 208, the gate
insulating layer 210, the gate electrode 214, the source elec-
trode 221, and the drain electrode 223 are formed in the TFT
region (a) to produce a TFT. The TFT may, for example, be a
driving transistor (M1 of FIG. 4), which generates a driving
current, or an emission control transistor (M6 of FIG. 4),
which supplies the driving current to the organic light emit-
ting diode OLED.

[0147] Also, the first semiconductor layer 207, the gate
insulating layer 210, the first electrode 212, the interlayer
insulating layer 220, and the second electrode 229, whichis in
contact with the first semiconductor layer 207, are formed in
the storage capacitor region (c) to form a storage capacitor
C,,. Further, the third semiconductor layer 209, the gate insu-
lating layer 210, the interlayer insulating layer 220, the data
line 225 are stacked in the data line capacitor region (b) to
form a first data line capacitor C ;.

[0148] A passivation layer 230 is formed over the entire
surface of the substrate 200 including the electrodes 221, 223,
225, 227, and 229 that are formed by patterning the conduc-
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tive layer. The passivation layer 230 may comprise at least
one of a silicon oxide (Si0,) layer, a silicon nitride (SiNy)
layer, and a multi-layer thereof. Also, in some embodiments,
the passivation layer 230 may not be formed. A first via hole
232 is formed in the passivation layer 230 to expose the drain
electrode 223 of the TFT.

[0149] A planarization layer 235 is formed on the passiva-
tion layer 230 to reduce the step height, and may be formed of
an organic layer, such as a BCB layer, a polyimide layer, or a
polyacryl layer. A second via hole 237 is formed in the pla-
narization layer 235 in the TFT region (a) to expose the drain
electrode 223 in a region where the first via hole 232 is
formed. Also, a third via hole 239 is formed to expose the
passivation layer 230.

[0150] A pixel electrode 240 is formed over the entire sur-
face of the substrate 200 including the planarization layer 235
in which the second viahole 237 and the third via hole 239 are
formed. The pixel electrode 240 is in contact with the drain
electrode 223 that is exposed by the second via hole 237.
Also, the pixel electrode 240 is formed over the passivation
layer 230 that is exposed by the third via hole 239. Further, the
pixel electrode 240 may be formed over the planarization
layer 235 if the passivation layer 230 is not formed. Addition-
ally, since the pixel shown in FIG. 11 is a top-emitting type,
the pixel electrode 240 may be formed of a light-reflecting
conductive layer. In another embodiment, before the pixel
electrode 240 is formed, a reflective layer pattern 242 may be
further formed, and then the pixel electrode 240 may be
formed using a light-transmitting conductive layer. This
reflective layer pattern 242 may be spaced apart from the
second via hole 237 by a predetermined distance.

[0151] A PDL 245 is formed on the entire surface of the
substrate 200 including the pixel electrode 240. An opening
247 is formed in the PDL 245 to expose at least a portion
(emission region) of the pixel electrode 240.

[0152] An organic emission layer 250 is formed on the
pixel electrode 240 that is exposed by the opening 247. Sub-
sequently, an opposite electrode 255 is formed on the entire
surface of the substrate 200 including the organic emission
layer 250 and the PDL 245. The opposite electrode 255 may
comprise at least one of a light-transmitting conductive layer
and a metal reflective layer.

[0153] In the storage capacitor region (¢) and the TFT
region (a), the pixel electrode 240, the organic emission layer
250, and the opposite electrode 255 form an organic light
emitting diode. Also, the data line 225, the passivation layer
230 (and/or the planarization layer 235), and the opposite
electrode 255 form a second data line capacitor C,,,, in the
data line capacitor region (b).

[0154] As described above, the pixel according to one
embodiment, the first data line capacitor C 4,,,, is obtained by
forming the third semiconductor layer 209 under the data line
225. Also, the passivation layer 230 and/or the planarization
layer 235 are etched through the third via hole 239 in the data
line capacitor region (b), and the pixel electrode 240 and the
data line 225 constitute the second data line capacitor C,,,»
using only the passivation layer 230 and/or the planarization
layer 235 as a dielectric layer.

[0155] Accordingly, the data line capacitor C,,,, has a
structure to which the first and second data line capacitors
C urar and C .., are connected in parallel about the data line
225. Thatis, C,,,,=C sura1 +C auaran- In applying the pixel struc-
ture according to the fourth embodiment of the present inven-
tion, the data line capacitor C ,,,, has a capacitance 0f 20 to 50
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[PF], which is about 16 times more than in the conventional
pixel structure. Therefore, when the pixel driving method
using the demultiplexers is used, the gate voltage Vg of a
driving transistor becomes substantially equal to the applied
data voltage Vdata, so that the OLED can display exact gray
scale and have uniform luminance.

[0156] The capacitance of the data line capacitor C,,, may
be selected by controlling the size of a via hole formed in an
insulating layer, such as a passivation layer, a planarization
layer, or a PDL and the size of a contact hole via which a
semiconductor layer is in contact with a metal layer.

[0157] FIG. 12 is a circuit diagram of another pixel of the
OLED shown in FIG. 2.

[0158] Referringto FIG.12,a pixel 110 includes an organic
light emitting diode OLED, which emits light according to a
driving current, and a pixel driving circuit 111, which sup-
plies the driving current to the organic light emitting diode
OLED. A data voltage Vdata, which is stored in a data line
capacitor C ... during a data writing period, is applied to
the pixel driving circuit 111.

[0159] The pixel driving circuit 111 includes a driving tran-
sistor M1, a switching transistor M2, an emission control
transistor M3, and a storage capacitor C,,. The switching
transistor M2 is turned on or off in response to a selection
signal applied to a scan line S, connected to a gate terminal
and transmits the data voltage Vdata from a dataline D,,,,. The
driving transistor M1 is connected between a first voltage line
Vdd and the emission control transistor M3 and has a gate
terminal connected to a drain of the switching transistor M2 to
generate a driving current corresponding to the data voltage
Vdata. The storage capacitor C,, is connected between the
first voltage line Vdd and the gate terminal of the driving
transistor M1 and maintains the data voltage Vdata for a
predetermined time. The emission control transistor. M3 is
connected between the driving transistor M1 and the organic
light emitting diode OLED to transmit the driving current to
the organic light emitting diode OLED in response to an
emission control signal of an emission control line E,, con-
nected to the gate terminal.

[0160] Operations of the pixel shown in FIG. 12 will now
be described. Initially, the data voltage Vdata is stored in the
data line capacitor C ;.. during a data writing period. Next,
when a selection signal is applied to the scan line S,, the
switching transistor M2 is turned on. In this state, the data
voltage Vdata stored in the data line capacitor C,,,,,.. 1S
applied to the gate terminal of the driving transistor M1 via
the switching transistor M2, and electric charges equivalent to
a difference between a first voltage Vdd and the data voltage
Vdata are stored in the storage capacitor C,. The driving
transistor M1 operates as a constant current source due to the
first voltage Vdd applied to a source and the voltage Vdata
applied to a gate and supplies the driving current to the
organic light emitting diode OLED.

[0161] Inthis case, the current supplied to the organic light
emitting diode OLED can be expressed as Equation 3:

I zp=k(Vgs—VihY>=k(Vdd-Vdata—Vih)> (3)

where [, zp is the current supplied to the organic light emit-
ting diode OLED, Vgs is the voltage between the source and
gate of the driving transistor M1, Vth is the threshold voltage
of the driving transistor M1, Vdata is the data voltage, and k
is a constant.

[0162] FIG. 13 is a circuit diagram of yet another pixel of
the OLED shown in FIG. 2.
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[0163] Referringto FIG.13,apixel 110 includes an organic
light emitting diode OLED, which emits light according to a
driving current, and a pixel driving circuit 111, which sup-
plies the driving current to the organic light emitting diode
OLED. A data voltage Vdata, which is stored in a data line
capacitor C,,, ... during a data writing period, is applied to
the pixel driving circuit 111.

[0164] The pixel driving circuit 111 includes first through
fifth TFTs M1-MS5 and a storage capacitor C,,. Here, the first
transistor M1 is a switching transistor, and the fourth transis-
tor M4 is a driving transistor. Also, the second transistor M2
is an initialization transistor, and the third transistor M3 is a
compensation transistor, which compensates a threshold volt-
age of the driving transistor M4. Specifically, the first tran-
sistor M1 turns on or off in response to a selection signal
applied to an nth scan line S,, connected to a gate terminal
thereof and transmits or passes the data voltage Vdata from a
dataline D, to the third transistor M3. The second transistor
M2 is turned on in response to a selection signal applied to an
(n-DythscanlineS,, ;| connected to a gate terminal thereof and
initializes the data voltage Vdata during an (n-1)th frame
period. The third and fourth transistors M3 and M4, which are
mirror-type transistors, have commonly connected gate ter-
minals, so that a voltage corresponding to the difference
between the data voltage Vdata supplied from the first tran-
sistor M1 and a threshold voltage of the third transistor M3 is
applied to the gate terminal of the fourth transistor M4. The
storage capacitor C, is connected between a first voltage line
Vdd and the gate terminal of the fourth transistor M4 and
maintains a data voltage Vdata—Vth for a predetermined time.
The fifth transistor M15 is connected between the fourth
transistor M4 and the organic light emitting diode OLED and
supplies the driving current to the organic light emitting diode
OLED in response to an emission control signal of an emis-
sion control line E, connected to a gate terminal thereof.

[0165] Operations of the pixel shown in FIG. 13 will now
be described. Initially, during an initialization operation,
when a low-level selection signal is applied to the (n-1)th
scan line S, ,, the second transistor M2 is turned on, so that
the data voltage stored in the storage capacitor C, during the
(n-1)th frame period is initialized via the second transistor
M2.

[0166] During a data writing period, a data voltage Vdata is
stored in the data line capacitor C ;.

[0167] In adata programming operation, when a low-level
selection signal is applied to the scan line S, the first transis-
tor M1 is turned on, and the mirror-type third and fourth
transistors M3 and M4 are also on. Accordingly, a voltage
Vdata-Vth,, corresponding to a difference between the data
voltage Vdata stored in the data line capacitor C,,,,,, and a
threshold voltage Vth,, of the third transistor M3 is applied
to the gate of the fourth transistor M4.

[0168] Finally, in an emission operation, when a low-level
emission control signal is applied to the emission control line
E,. the fifth transistor M5 is turned on in response to an
emission control signal, so that a driving current correspond-
ing to the first voltage Vdd applied to a source terminal of the
fourth transistor M4 and the voltage Vdata—Vth,,, applied to
the gate terminal thereof is applied to the organic light emit-
ting diode OLED. Thus, the organic light emitting diode
OLED emits light according to the data signal.
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[0169] The driving current supplied to the organic light
emitting diode OLED can be expressed as Equation 4:

Lo 5p=kK(VES pa=Vihp ) =k(Vdd-Vdata+Vihy s~

Vihpg)?=k(Vdd-Vdata)? 4)
where I, zp 1s the current supplied to the organic light emit-
ting diode OLED, Vgs,, is the voltage between the source
and gate of the fourth transistor M4, Vth, is the threshold
voltage of the third transistor M3, Vth,,, is the threshold
voltage of the fourth transistor M4, Vdata is the data voltage,
and k is a constant. Here, when the third transistor M3 is equal
in threshold voltage to the fourth transistor M4, i.e., when
Vth,,=Vth,, the threshold voltages of the transistors can be
compensated, thus the organic light emitting diode OLED can
keep the driving current constant.
[0170] FIG. 14 is a circuit diagram of still another pixel of
the OLED shown in FIG. 2.
[0171] Referringto FIG. 14, a pixel 110 includes an organic
light emitting diode OLED, which emits light according to a
driving current, and a pixel driving circuit 111, which sup-
plies the driving current to the organic light emitting diode
OLED. A data voltage Vdata, which is stored in a data line
capacitor C,,,..~ during a data writing period, is applied to
the pixel driving circuit 111, which includes first through fifth
TFTs M1-MS5 and two capacitors C,, and C,,,.
[0172] The first transistor M1, which is a driving transistor
for driving the organic light emitting diode OLED, is con-
nected between a first voltage line Vdd and the fourth tran-
sistor M4 and controls the driving current passing through the
organic light emitting diode OLED using a voltage applied to
a gate thereof. The second transistor M2 diode-connects the
first transistor M1 in response to a selection signal supplied
from an (n-1)th scan line S,,_|.
[0173] One node A of the threshold voltage compensation
capacitor C,,, is connected to the gate of the first transistor
M1, and the storage capacitor C, and the fifth transistor M5
are connected in parallel between the other node B of the
threshold voltage compensation capacitor C,,, and the first
voltage line Vdd. The fifth transistor M5 applies the first
voltage Vdd to the node B of the threshold voltage compen-
sation capacitor C,,;, in response to the selection signal sup-
plied from the (n-1)th scan line S,,_;.
[0174] The third transistor M3 transmits the data voltage
Vdata supplied from a data line D,,, to the node B of the
threshold voltage compensation capacitor C, ,;, in response to
a selection signal supplied from an nth scan line S,. The
fourth transistor M4 is connected between the first transistor
M1 and the organic light emitting diode OLED and connects
or disconnects the first transistor M1 and the organic light
emitting diode OLED in response to an emission control
signal supplied from an emission control line E,,.
[0175] Operations of the foregoing pixel shown in FIG. 14
will now be described. Initially, when a low-level selection
signal is applied to the (n—1)th scan line S, |, the second
transistor M2 is turned on so that the first transistor M1 is
diode-connected. Thus, a voltage between the gate and source
of'the first transistor M1 is changed until it reaches a threshold
voltage Vth of the first transistor M1. In this case, since the
source of the first transistor M1 is connected to the first
voltage Vdd, a voltage applied to the gate of the first transistor
M1, i.e., a voltage applied to the node A of the threshold
voltage compensation capacitor C ,, becomes a difference
between the first voltage Vdd and the threshold voltage Vith.
Also, the fifth transistor M5 is turned on so that the first
voltage Vdd is applied to the node B of the storage capacitor
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C, . thus a voltage V., charged in the threshold voltage
compensation capacitor C,,, can be expressed as Equation 5:

Vo=V g=V.4=Vdd—(Vdd-Vih)=Vih ®)

where V ., 1s the voltage charged in the capacitor C,,, V , is
the voltage applied to the node A of the capacitor C ,,, and V,
is the voltage applied to the node B of the capacitor C,,,.
[0176] Next, during a data writing period, the data voltage
Vdata is stored in the data line capacitor C,,,,,,,,,. via the data
line D,,,. Thereafter, when a low-level selection signal is
applied to thenth scanline S , the third transistor M3 is turned
on so that the data voltage Vdata is applied to the node B.
Also, since a voltage corresponding to the threshold voltage
Vith of the first transistor M1 is charged in the threshold
voltage compensation capacitor C, ,,, a voltage corresponding
to a difference between the data voltage Vdata and the thresh-
old voltage Vth of the first transistor M1 is applied to the gate
of the first transistor M1.

[0177] Finally, the fourth transistor M4 is turned on in
response to a low-level signal supplied from the emission
control line E,, so that a current I, ,.,, according to a gate-
source voltage V ;¢ of the first transistor M1 is applied to the
organic light emitting diode OLED. Thus, the organic light
emitting diode OLED emits light according to the applied
data.

[0178] Thecurrentl,, -, supplied to the organic light emit-
ting diode OLED can be expressed as Equation 6:

L1 zp=k(Vags—Vih>=k(Vdd-Vdata+ Vih)-Vih?=k
(Vdd-Vdata)? (6)

where [, zp, 1s the current supplied to the organic light emit-
ting diode OLED, Vgs is the voltage between the source and
gate of the first transistor M1, Vith is the threshold voltage of
the first transistor M1, Vdata is the data voltage, and k is a
constant. As described above, since the current 1, -, sup-
plied to the organic light emitting diode OLED is determined
by the first voltage Vdd and the data voltage Vdata, luminance
non-uniformity of the driving transistor M1 caused by a dif-
ference in threshold voltage is resolved.

[0179] As described above, the OLED can reduce the num-
ber of output lines and the production cost because data
signals supplied from one output line can be divided and
applied to a plurality of data lines using demultiplexers.
[0180] Also, voltages corresponding to data signals are
sequentially charged in data line capacitors and the charged
voltages are applied to pixels at the same time, so that the
OLED can display an image with uniform luminance.
[0181] Further, a scan period for which a scan signal is
supplied does not overlap a data writing period for which a
data signal is supplied, thus the OLED can stably display an
image. In addition, as the capacitance of a data line capacitor
formed in a data line is much greater than the capacitance of
a storage capacitor, the OLED can display exact gray scale
and have uniform luminance.

While the above detailed description has shown, described,
and pointed out novel features as applied to various embodi-
ments, it will be understood that various omissions, substitu-
tions, and changes in the form and details of the device or
process illustrated may be made by those skilled in the art
without departing from the scope of the invention. As will be
recognized, the present invention may be embodied within a
form that does not provide all of the features and benefits set
forth herein, as some features may be used or practiced sepa-
rately from others. Additionally certain features may be prac-
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ticed in combinations not specifically described in any one
embodiment discussed herein.

What is claimed is:

1. An organic light emitting display (OLED) comprising:

a substrate;

a storage capacitor region, a thin film transistor region, and

adata line capacitor region each formed on the substrate;

a storage capacitor formed in the storage capacitor region,

the storage capacitor comprising:

a first semiconductor layer formed on the substrate;

a gate insulating layer formed on the first semiconductor
layer;

a first electrode formed on the gate insulating layer;

an interlayer insulating layer formed on the first elec-
trode; and

a second electrode formed on the interlayer insulating
layer, wherein the second electrode is electrically
connected to the first semiconductor layer;

a thin film transistor formed in the thin film transistor

region, the thin film transistor comprising:

a second semiconductor layer formed on the substrate;

a gate insulating layer formed on the second semicon-
ductor layer;

a gate electrode formed on the gate insulating layer;

a source electrode formed on the gate insulating layer;
and

a drain electrode formed on the gate insulating layer;

a first data line capacitor formed in the data line capacitor

region, the first data line capacitor comprising:

a third semiconductor layer formed on the substrate;

a gate insulating layer formed on the third semiconduc-
tor layer;

an interlayer insulating layer formed on the gate insulat-
ing layer; and

a data line formed on the interlayer insulating layer,

an organic light emitting diode formed on the storage

capacitor and the thin film transistor and comprising:

a pixel electrode connected to one of the source and
drain electrodes;

an organic emission layer formed on the pixel electrode;
and

an opposite electrode formed on the storage capacitor,
the thin film transistor, and the first data line capacitor;
and

a second data line capacitor formed on the data line capaci-

tor, the second data line capacitor comprising:
the data line;

an insulating layer formed over the data line; and
the opposite electrode.

2. The OLED according to claim 1, wherein the insulating
layer of the second data line capacitor comprises a passivation
layer comprising at least one of a silicon oxide (SiO,) layer, a
silicon nitride (SiN,) layer, and a multi-layer thereof.

3. The OLED according to claim 2, wherein a third data
line capacitor comprises the first and second data line capaci-
tors.

4. The OLED according to claim 1, wherein the insulating
layer of the second data line capacitor comprises a planariza-
tion layer, comprising at least one of a benzocyclobutene
(BCB) layer, a polyimide layer, and a polyacryl layer.

5. The OLED according to claim 4, wherein a third data
line capacitor comprises the first and second data line capaci-
tors.
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6. The OLED according to claim 1, wherein the insulating
layer of the second data line capacitor comprises a pixel
defining layer comprising at least one of benzocyclobutene
(BCB), acrylic photoresist, phenolic photoresist, and imidic
photoresist.

7. The OLED according to claim 6, wherein a third data
line capacitor comprises the first and second data line capaci-
tors.

8. The OLED according to claim 7, wherein the third data
line capacitor has a larger capacitance than the storage capaci-
tor.

9. The OLED according to claim 8, wherein the third data
line capacitor has a capacitance of about 20 pF to about 50 pF.

10. The OLED according to claim 9, wherein the capaci-
tance of the third data line capacitor depends at least in part on
at least one of the size of a contact hole, the size of a via hole,
and the thickness of at least one of the passivation layer, the
planarization layer, and the pixel defining layer.

11. An organic light emitting display (OLED) comprising:

a substrate;

a storage capacitor region, a thin film transistor region, and

a data line capacitor region each formed on the substrate;

a storage capacitor formed in the storage capacitor region,

the storage capacitor comprising:

a first semiconductor layer formed on the substrate;

a gate insulating layer formed on the first semiconductor
layer;

a first electrode formed on the gate insulating layer;

an interlayer insulating layer formed on the first elec-
trode; and

a second electrode formed on the interlayer insulating
layer, wherein the second electrode is electrically
connected to the first semiconductor layer;

a thin film transistor formed in the thin film transistor

region, the thin film transistor comprising:

a second semiconductor layer formed on the substrate;

a gate insulating layer formed on the second semicon-
ductor layer;

a gate electrode formed on the gate insulating layer;

a source electrode formed on the gate insulating layer;
and

a drain electrode formed on the gate insulating layer;

a first data line capacitor formed in the data line capacitor

region, the first data line capacitor comprising:

a third semiconductor layer formed on the substrate;

a gate insulating layer formed on the third semiconduc-
tor layer;

an interlayer insulating layer formed on the gate insulat-
ing layer; and

a data line formed on the interlayer insulating layer;

an organic light emitting diode formed on the storage

capacitor and the thin film transistor and comprising:

a pixel electrode connected to one of the source and
drain electrodes;

an organic emission layer formed on the pixel electrode;
and

an opposite electrode formed on the storage capacitor,
the thin film transistor, and the first data line capacitor;
and

a second data line capacitor formed on the data line capaci-

tor, the second data line capacitor comprising:
the data line;

an insulating layer formed over the data line; and
the pixel electrode.
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12. The OLED according to claim 11, wherein the insulat-
ing layer of the second data line capacitor comprises a passi-
vation layer comprising at least one of a silicon oxide (SiO,)
layer, a silicon nitride (SiNy) layer, and a multi-layer thereof.

13. The OLED according to claim 12, wherein a third data
line capacitor comprises the first and second data line capaci-
tors.

14. The OLED according to claim 11, wherein the insulat-
ing layer of the second data line capacitor comprises a pla-
narization layer, comprising at least one of a benzocy-
clobutene (BCB) layer, a polyimide layer, and a polyacryl
layer.

15. The OLED according to claim 14, wherein a third data
line capacitor comprises the first and second data line capaci-
tors.

16. The OLED according to claim 15, wherein the third
data line capacitor has a larger capacitance than the storage
capacitor.

17. The OLED according to claim 16, wherein the third
data line capacitor has a capacitance of about 20 pF to about
50 pF.

18. The OLED according to claim 17, wherein the capaci-
tance of the third data line capacitor depends at least in part on
at least one of the size of a contact hole, the size of a via hole,
and the thickness of at least one of the passivation layer, the
planarization layer, and the pixel defining layer.
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19. An organic light emitting display (OLED) comprising:

a substrate;

a storage capacitor formed in a first region of the substrate;

a thin film transistor formed in a second region of the
substrate;

a first data line capacitor formed in a third region of the
substrate;

an organic light emitting diode formed on the storage
capacitor and the thin film transistor; and

a second data line capacitor formed on the data line capaci-
tor, the second data line capacitor comprising:
the data line; and
the opposite electrode.

20. An organic light emitting display (OLED) comprising:

a substrate;

a storage capacitor formed in a first region of the substrate;

a thin film transistor formed in a second region of the
substrate;

a first data line capacitor formed in a third region of the
substrate;

an organic light emitting diode formed on the storage
capacitor and the thin film transistor; and

a second data line capacitor formed on the data line capaci-
tor, the second data line capacitor comprising:
the data line; and
the pixel electrode.
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