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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0061673, filed on
May 30, 2013, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference
in its entirety.

BACKGROUND

1. Field

An aspect of the present invention relates to an organic
light emitting display device.

2. Description of the Related Art

As an information technology is developed, importance of
a display device that is a connection medium between a user
and desired information is magnified. Accordingly, uses of
flat panel display devices (FPD) including liquid crystal
display devices (LCD), organic light emitting display
devices, or plasma display panels (PDP) are increasing.

Among the FPDs, the organic light emitting display
devices display images using organic light emitting diodes
(OLED) that generate light by re-combination of electrons
and holes. The organic light emitting display device has a
high response speed and is driven with low power consump-
tion.

SUMMARY

An aspect of an embodiment of the present invention
relates to an organic light emitting display device capable of
displaying an image with desired brightness.

An organic light emitting display device according to an
embodiment of the present invention includes pixels posi-
tioned at crossing regions of scan lines and data lines and a
bias voltage supply configured to supply bias voltages to the
pixels. Each of the pixels includes an organic light emitting
diode (OLED), a first transistor coupled between a first
power supply and the OLED and driven in a saturation
region by a corresponding one of the bias voltages to supply
a set current to the OLED, a second transistor coupled
between the first power supply and the OLED and driven in
a linear region by a data signal supplied from a correspond-
ing one of the data lines to turn on or off, and a second
capacitor coupled between a gate electrode of the first
transistor and the first power supply.

In one embodiment, each of the pixels includes a first
capacitor coupled between a gate electrode of the second
transistor and the first power supply and a third transistor
coupled between the gate electrode of the second transistor
and the data line and turned on when a scan signal is
supplied to a corresponding one of the scan lines.

In one embodiment, the set current corresponds to the
highest gray scale realized by a corresponding one of the
pixels.

In one embodiment, the bias voltage supply supplies the
bias voltages set as different voltages to a red pixel of the
pixels that generates red light, a green pixel of the pixels that
generates green light, and a blue pixel of the pixels that
generates blue light.

In one embodiment, channel widths/lengths of the first
transistors included in the red pixel that generates the red
light, the green pixel that generates the green light, and the
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blue pixel that generates the blue light are set different from
each other so that the set current corresponding to the
highest gray scale flows to each of the red, green, and blue
pixels.

In one embodiment, the organic light emitting display
device further includes a scan driver configured to supply
scan signals to the scan lines and a data driver configured to
supply data signals, comprising the data signal, to the data
lines.

In one embodiment, one frame is divided into a plurality
of sub-frames and the scan driver supplies the scan signals
to the scan lines in scan periods of the sub-frames.

In one embodiment, the data driver supplies a first data
signal of the data signals at which the pixels emit light or a
second data signal of the data signals at which the pixels do
not emit light to each of the data lines in synchronization
with the scan signals.

In one embodiment, the first transistor is positioned
between the second transistor and the first power supply.

In one embodiment, the first transistor is positioned
between the second transistor and the OLED.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating an organic light emitting
display device according to an embodiment of the present
invention;

FIG. 2 is a view illustrating one frame according to an
embodiment of the present invention;

FIG. 3 is a view illustrating a pixel according to a first
embodiment of the present invention;

FIG. 4 is a waveform diagram illustrating a method of
driving the pixel illustrated in FIG. 3;

FIG. 5 is a view illustrating a pixel according to a second
embodiment of the present invention;

FIG. 6 is a view illustrating a pixel according to a third
embodiment of the present invention; and

FIG. 7 is a view illustrating an organic light emitting
display device according to another embodiment of the
present invention.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the example embodiments to those
skilled in the art.

In the drawing figures, dimensions may be exaggerated
for clarity of illustration. It will be understood that when an
element is referred to as being “between” two elements, it
can be the only element between the two elements, or one or
more intervening elements may also be present. Like refer-
ence numerals refer to like elements throughout. Also,
expressions such as “at least one of,” when preceding a list
of elements, modify the entire list of elements and do not
modify the individual elements of the list. Further, the use of
“may” when describing embodiments of the present inven-
tion refers to “one or more embodiments of the present
invention.”

FIG. 1 is a view illustrating an organic light emitting
display device according to an embodiment of the present
invention.
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Referring to FIG. 1, an organic light emitting display
device according to an embodiment of the present invention
includes a pixel unit 30 including a plurality of pixels 40
positioned at crossing regions (e.g., at intersections) of scan
lines S1 to Sn and data lines D1 to Dm, a scan driver 10
configured to drive the scan lines S1 to Sn, a data driver 20
configured to drive the data lines D1 to Dm, a bias voltage
supply 60 configured to supply bias voltages Vbias (R, G,
and B) to the pixels 40, and a timing controller 50 configured
to control the scan driver 10 and the data driver 20.

The pixels 40 receive power voltages from a first power
supply ELVDD and a second power supply ELVSS that are
outside of the pixels 40. The pixels 40 that receive the first
power supply ELVDD and the second power supply ELVSS
generate light components with set or predetermined gray
scales while being set in an emission state or a non-emission
state to correspond to data signals. Here, currents supplied to
organic light emitting diodes (OLED) in a period where the
pixels 40 are set in the emission state are determined by the
bias voltages Vbias (R, G, and B).

The bias voltage supply 60 supplies the bias voltages
Vhias (R, G, and B) to each of the pixels 40. Here, the bias
voltages Vbias (R, G, and B) are determined so that the
pixels 40 generate light components with previously set
brightness components. For example, values of the bias
voltages Vbias (R, G, and B) may be set so that light with
brightness corresponding to the highest gray scale (for
example, white) is generated in the period where the pixels
40 emit light.

On the other hand, the pixels 40 that generate red, green,
and blue light components may generate light components
with different brightness components to correspond to the
same bias voltage Vbias. Therefore, according to the present
invention, the bias voltage supply 60 supplies a red bias
voltage Vbias (R) to the pixel 40 that generates the red light
and supplies a green bias voltage Vbias (G) to the pixel 40
that generates the green light. The bias voltage supply 60
supplies a blue bias voltage Vbias (B) to the pixel that
generates the blue light. Here, the values of the red bias
voltage Vbias (R), the green bias voltage (G), and the blue
bias voltage Vbias (B) are set so that light components
corresponding to the highest gray scales are generated by the
pixels 40.

The scan driver 10 supplies scan signals to the scan lines
S1 to Sn in scan periods of a plurality of sub-frames included
in one frame. When the scan signals are supplied to the scan
lines S1 to Sn, the pixels 40 are selected in units of
horizontal lines.

The data driver 20 supplies the data signals to the data
lines D1 to Dm in synchronization with the scan signals.
Here, the data driver 20 supplies a first data signal by which
the pixels 40 emit light components or a second data signal
by which the pixels 40 do not emit light to each of the data
lines D1 to Dm. The pixels 40 that receive the first data
signal in a scan period are set in the emission state in an
emission period after the scan period.

The timing controller 50 controls the scan driver 10 and
the data driver 20 to correspond to synchronizing signals
supplied from the outside.

FIG. 2 is a view illustrating one frame according to an
embodiment of the present invention.

Referring to FIG. 2, one frame 1F according to the
embodiment of the present invention is divided into a
plurality of sub-frames SF1 to SF§. Each of the sub-frames
SF1 to SF8 is divided into a scan period and an emission
period. In the scan period, the scan signals are supplied to
the scan lines S1 to Sn and the data signals are supplied to
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the data lines D1 to Dm in synchronization with the scan
signals. Therefore, in the scan period, a voltage correspond-
ing to the first data signal or the second data signal is charged
in each of the pixels 40.

In the emission period, the pixels 40 that receive the first
data signal in the scan period emit light. On the other hand,
emission periods of the sub-frame SF1 to SF8 are set to be
the same and/or different from each other so that set or
predetermined gray scales may be realized. That is, the
pixels 40 according to an embodiment of the present inven-
tion realize the set or predetermined gray scales to corre-
spond to the emission periods of the one frame.

FIG. 3 is a view illustrating a pixel according to a first
embodiment of the present invention. In FIG. 3, for conve-
nience sake, a pixel coupled to the nth scan line Sn and the
mth data line Dm will be illustrated.

Referring to FIG. 3, a pixel 40 according to the first
embodiment of the present invention includes an organic
light emitting diode (OLED) and a pixel circuit 42 config-
ured to control whether to supply a current to the OLED to
correspond to a data signal.

A first electrode of a second transistor M2 is coupled to a
second electrode of a first transistor M1 and a second
electrode of the second transistor M2 is coupled to an anode
electrode of the OLED. A gate electrode of the second
transistor M2 is coupled to a first node N1. The second
transistor M2 is turned on or off to correspond to a voltage
of the first node N1.

That is, the second transistor M2 is set in a turn-on state
when the voltage corresponding to the first data signal is
applied to the first node N1 and is set in a turn-off state when
the voltage corresponding to the second data signal is
applied to the first node N1. The second transistor M2
performs a turn on or off switch and is driven in a linear
region.

On the other hand, when the second transistor M2 is set
in the turn-on state, the OLED is coupled to the first
transistor M1 driven as a current supply. That is, when the
second transistor M2 is set in the turn-on state, the OLED is
not directly coupled to the first voltage supply ELVDD but
is coupled to the first transistor M1 driven as the current
supply. In this case, deterioration of the OLED is reduced or
minimized so that a lifespan of the OLED may be increased.

That is, in comparable digital driving, since the OLED is
directly coupled to the voltage supply, the OLED is rapidly
deteriorated. However, according to the present invention,
since the OLED is driven to correspond to a current supplied
from the current supply M1, a deterioration pace (speed)
may be reduced in comparison with the comparable art. In
addition, although the OLED is deteriorated, an amount of
current supplied from the first transistor M1 is uniformly
maintained so that an image with desired brightness may be
realized.

A first electrode of a third transistor M3 is coupled to the
data line Dm, and a second electrode of the third transistor
M3 is coupled to the first node N1. A gate electrode of the
third transistor M3 is coupled to the scan line Sn. The third
transistor M3 is turned on when the scan signal is supplied
to the scan line Sn to supply the data signal from the data line
Dm to the first node N1.

The first capacitor C1 is coupled between the first power
supply ELVDD and the first node N1. The first capacitor C1
stores the voltage corresponding to the first data signal or the
second data signal.

FIG. 4 is a waveform diagram illustrating a method of
driving the pixel illustrated in FIG. 3.
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Referring to FIG. 4. the bias voltage Vbias (B) is set to
have a set or predetermined value so that a current corre-
sponding to the highest gray scale may be supplied from the
first transistor M1, Therefore, the first transistor M1 that
receives the bias voltage Vbias (B) is driven as the current
supply corresponding to the bias voltage Vbias (B).

Then, the scan signals are sequentially supplied to the
scan lines S1 to Sn in scan periods of the sub-frames SF1 to
SF8 to correspond to gray scales to be realized, and the first
data signal or the second data signal is supplied to each of
the data lines D1 to Dm to correspond to the scan signals.

When the scan signal is supplied to the nth scan line Sn,
the third transistor M3 is turned on. When the third transistor
M3 is turned on, the data line Dm and the first node N1 are
electrically coupled to each other. Then, the first data signal
or the second data signal from the data line Dm is supplied
to the first node N1 and the first capacitor C1 charges a
voltage corresponding to the first node N1.

Then, the second transistor M2 is turned on or off to
correspond to the data signal. Here, when the second tran-
sistor M2 is turned on, a set or predetermined current is
supplied from the first transistor M1 to the OLED so that the
OLED is set in the emission state. When the second tran-
sistor M2 is turned off, the current is not supplied to the
OLED so that the OLED is set in the non-emission state.

As described above. according to an embodiment of the
present invention, the first transistor M1 is driven in a
saturation region and the second transistor M2 is driven in
the linear region. When the first transistor M1 is driven in the
saturation region, the first transistor M1 is driven as the
current supply so that it is possible to uniformly maintain an
amount of current supplied to the OLED and to prevent
brightness from being reduced by deterioration of the
OLED. In addition, when the second transistor M2 is driven
in the linear region, delay caused by charge/discharge of the
data signal is reduced or minimized so that a driving speed
may be increased.

FIG. 5 is a view illustrating a pixel according to a second
embodiment of the present invention. In describing FIG. 5,
the same elements as those of FIG. 3 are denoted by the
same reference numerals and detailed description thereof
will not be provided again.

Referring to FIG. 5, a pixel 40 according to the second
embodiment of the present invention includes an OLED and
a pixel circuit 42' configured to control whether to supply a
current to the OLED.

The pixel circuit 42' includes a first transistor M1', a
second transistor M2', a third transistor M3', and a first
capacitor C1".

The second transistor M2' is coupled between a first
electrode of the first transistor M1' and the first power supply
ELVDD. A gate electrode of the second transistor M2' is
coupled to a first node N1'. The second transistor M2' is
turned on or off to correspond to a data signal. That is, the
second transistor M2' is driven in the form of a switch in a
linear region.

The first electrode of the first transistor M1' is coupled to
a second electrode of the second transistor M2' and a second
electrode of the first transistor M1' is coupled to the OLED.
A gate electrode of the first transistor M1' receives the bias
voltage (B). The first transistor M1' is driven as a current
supply in a saturation region to correspond to the bias
voltage.

A first electrode of the third transistor M3' is coupled to
the data line Dm and a second electrode of the third
transistor M3' is coupled to the first node N1'. A gate
electrode of the third transistor M3' is coupled to the scan
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line Sn. The third transistor M3' is turned on when the scan
signal is supplied to the scan line Sn to supply the data signal
from the data line Dm to the first node N1".

The first capacitor C1' is coupled between the first power
supply ELVDD and the first node N1'. The first capacitor C1'
stores the voltage corresponding to the first data signal or the
second data signal.

Operating processes of the second embodiment of the
present invention are the same as those of the first embodi-
ment, but positions of the first transistor M1' and the second
transistor M2' are changed as compared to the first transistor
M1 and the second transistor M2 of the first embodiment.

FIG. 6 is a view illustrating a pixel according to a third
embodiment of the present invention. In describing FIG. 6,
the same elements as those of FIG. 3 are denoted by the
same reference numerals and detailed description thereof
will not be provided again.

Referring to FIG. 6, a pixel 40 according to the third
embodiment of the present invention includes an OLED and
a pixel circuit 42" configured to control whether to supply a
current to the OLED.

The pixel circuit 42" includes a second capacitor C2
coupled between the gate electrode of the first transistor M1
and the first power supply ELVDD. The second capacitor C2
stably maintains the bias voltage Vbias (B).

To be specific, a voltage of the gate electrode of the first
transistor ml may be changed by a parasitic capacitor. For
example, whenever the voltage of the data signal is changed
by the parasitic capacitor between the data line Dm and the
gate electrode of the first transistor M1, the voltage of the
gate electrode of the first transistor M1 may be changed. The
second capacitor C2 may prevent the voltage of the gate
electrode of the first transistor M1 from being changed by
the parasitic capacitor and may improve reliability of an
operation.

FIG. 7 is a view illustrating an organic light emitting
display according to another embodiment of the present
invention. In describing FIG. 7, the same elements as those
of FIG. 1 are denoted by the same reference numerals and
detailed description thereof will be omitted.

Referring to FIG. 7, a bias voltage supply 60' of an
organic light emitting display device according to the other
embodiment of the present invention supplies the same bias
voltage Vbias to all of the pixels 40. That is, the bias voltage
supply 60" supplies the same bias voltage Vbias to the pixels
40 that generate red, green, and blue light components. In
this case, signal wiring lines configured to transmit the bias
voltage Vbias are reduced, which is advantageous to high
resolution.

On the other hand, when the same bias voltage Vbias is
supplied to the red, green, and blue pixels 40, currents that
correspond to the highest gray scales may not flow in the
pixels 40. According to the present invention, in order to
solve the problem, channel widths/lengths W/L of the first
transistors M1 included in the red, green, and blue pixels 40
to receive the bias voltage Vbias may be set different from
each other.

That is, the channel widtl/length of the first transistor M1
included in the red pixel 40 is set different from the channel
width/length of the first transistor M1 included in the green
pixel 40. The channel width/length of the first transistor M1
included in the blue pixel 40 is set different from the channel
widths/lengths of the first transistors M1 included in the red
and green pixels. Here, the channel widths/lengths of the
first transistors M1 included in the red. green, and blue
pixels 40 are set so that the currents corresponding to the
highest gray scales may flow. Additionally, according to an
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embodiment of the present invention, emission times of the
red, green, and blue pixels 40 may be controlled.

On the other hand, according to embodiments of the
present invention, for convenience sake, the transistors are
illustrated as PMOS transistors. However, the present inven-
tion is not limited to the above. That is, the transistors may
be formed of NMOS transistors.

In addition, according to the present invention, the OLED
generates light of a specific color to correspond to the
amount of current supplied from the driving transistor.
However, the present invention is not limited to the above.
For example, the OLED may generate white light to corre-
spond to the amount of current supplied from the driving
transistor. In this case, a color image is realized using an
additional color filter.

By way of summation and review, an organic light
emitting display device includes a plurality of pixels
arranged at crossing regions (e.g., at intersections) of a
plurality of data lines, scan lines, and power supply lines in
a matrix. Each of the pixels is commonly formed of an
OLED, at least two transistors including a driving transistor,
and at least one capacitor.

The organic light emitting display device has low power
consumption. However, an image with desired brightness
may not be displayed due to deterioration of the OLEDs.

The organic light emitting display device according to the
embodiment of the present invention realizes gray scales
using the transistors driven by the bias voltages as the
current supplies and the transistors driven by the data signals
as the switches. Here, the transistors driven as the current
supplies supply uniform currents regardless of the deterio-
ration of the OLEDs so that it is possible to prevent
brightness from being reduced due to the deterioration of the
OLEDs. In addition, since the OLEDs are not directly
coupled to the first power supply but receive the currents
from the transistors driven as the current supplies, the
deterioration of the OLEDs is minimized or reduced so that
an image with desired brightness may be displayed.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted in a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art at the filing of the
present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth in the following claims, and equiva-
lents thereof.

What is claimed is:

1. An organic light emitting display device, comprising:

pixels positioned at crossing regions of scan lines and data
lines; and

abias voltage supply configured to supply bias voltages to
the pixels, wherein each of the pixels comprises:

an organic light emitting diode (OLED);

a first transistor coupled between a first power supply
and the OLED and configured to be driven in a
saturation region by a corresponding one of the bias
voltages to supply a set current to the OLED, a gate
electrode of the first transistor being directly con-
nected to the bias voltage supply without any com-
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ponents connected in series between the bias voltage
supply and the gate electrode of the first transistor;

a second transistor coupled between the first power
supply and the OLED and configured to be driven in
a linear region by a data signal supplied from a
corresponding one of the data lines to turn on or off;
and

a second capacitor configured to maintain the corre-
sponding one of the bias voltages

wherein the second capacitor is directly connected to the

gate electrode of the first transistor without any com-
ponents connected in series between the second capaci-
tor and the gate electrode of the first transistor, and
directly connected to the first power supply without any
components connected in series between the second
capacitor and the first power supply.

2. The organic light emitting display device as claimed in
claim 1, wherein each of the pixels comprises:

a first capacitor coupled between a gate electrode of the

second transistor and the first power supply; and

a third transistor coupled between the gate electrode of the

second transistor and the data line and configured to
turn on when a scan signal is supplied to a correspond-
ing one of the scan lines.

3. The organic light emitting display device as claimed in
claim 1, wherein the set current corresponds to the highest
gray scale realized by a corresponding one of the pixels.

4. The organic light emitting display device as claimed in
claim 3, wherein the bias voltage supply is configured to
supply the bias voltages as different voltages to a red pixel
of the pixels for generating red light, a green pixel of the
pixels for generating green light, and a blue pixel of the
pixels for generating blue light.

5. The organic light emitting display device as claimed in
claim 3, wherein channel widths/lengths of the first transis-
tors included in a red pixel for generating red light, a green
pixel for generating green light, and a blue pixel for gener-
ating blue light are set different from each other so that the
current corresponding to the highest gray scale flows to each
of the red, green, and blue pixels.

6. The organic light emitting display device as claimed in
claim 1, further comprising:

a scan driver configured to supply scan signals to the scan

lines; and

a data driver configured to supply data signals, compris-

ing the data signal, to the data lines.

7. The organic light emitting display device as claimed in
claim 6, wherein one frame is divided into a plurality of
sub-frames, and

wherein the scan driver is configured to supply the scan

signals to the scan lines in scan periods of the sub-
frames.

8. The organic light emitting display device as claimed in
claim 6, wherein the data driver is configured to supply a
first data signal of the data signals at which the pixels emit
light or a second data signal of the data signals at which the
pixels do not emit light to each of the data lines in synchro-
nization with the scan signals.

9. The organic light emitting display device as claimed in
claim 1, wherein the first transistor is positioned between the
second transistor and the first power supply.

10. The organic light emitting display device as claimed
in claim 1, wherein the first transistor is positioned between
the second transistor and the OLED.

11. An organic light emitting display device, comprising:

pixels positioned at crossing regions of scan lines and data

lines; and
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abias voltage supply configured to supply bias voltages to
the pixels, wherein each of the pixels comprises:
an organic light emitting diode (OLED); and
a pixel control circuit having at most three transistors,
the pixel control circuit comprising: 5
a first transistor coupled between a first power supply
and the OLED and configured to be driven in a
saturation region by a corresponding one of the
bias voltages to supply a set current to the OLED;
a second transistor coupled between the first power 10
supply and the OLED and configured to be driven
in a linear region by a data signal supplied from a
corresponding one of the data lines to turn on or
off; and
a second capacitor configured to maintain the corre-
sponding one of the bias voltages
wherein the second capacitor is directly connected to a
gate electrode of the first transistor without any com-
ponents connected in series between the second capaci-
tor and the gate electrode of the first transistor, and 20
directly connected to the first power supply without any

15

10

components connected in series between the second
capacitor and the first power supply.

12. The organic light emitting display device as claimed
in claim 11, wherein the pixel control circuit further com-
prises:

a first capacitor coupled between a gate electrode of the

second transistor and the first power supply; and

a third transistor coupled between the gate electrode of the

second transistor and the data line and configured to
turn on when a scan signal is supplied to a scan line.

13. The organic light emitting display device as claimed
in claim 11, wherein the set current corresponds to the
highest gray scale realized by the pixel.

14. The organic light emitting display device as claimed
in claim 11, wherein the first transistor is positioned between
the second transistor and the first power supply.

15. The organic light emitting display device as claimed
in claim 11, wherein the first transistor is positioned between
the second transistor and the OLED.

* ok %k
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