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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND DRIVING METHOD THEREOF

[0001] The present application claims priority under 35
U.S.C. §119(a) of Korean Patent Application No. 10-2011-
100871 filed on Oct. 4, 2011, whichis hereby incorporated by
reference in its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Embodiments relate to an organic light-emitting

display device. Also, embodiments relate to a method of
driving an organic light-emitting display device.

[0004] 2. Discussion of the Related Art

[0005] Devices fordisplaying information are being widely
developed. The display devices include liquid crystal display
(LCD) devices, organic light-emitting display (OLED)
devices, electrophoresis display devices, field emission dis-
play (FED) devices, and plasma display devices.

[0006] Among these display devices, OLED devices have
the features of lower power consumption, wider viewing
angle, lighter weight and higher brightness compared to LCD
devices. As such, the OLED device is considered to be next
generation display devices.

[0007] FIG.1 isablock diagram showing an OLED device
according to the related art.

[0008] Referring to FIG. 1, the OLED device of the related
art includes an organic light emission panel 101, a gate driver
110, a data driver 120 and a timing controller 130.

[0009] A plurality of gate lines GL.1~GLn are formed on
the organic light emission panel 101. Also, a plurality of data
lines DL1~DLm extending in a direction crossing the gate
lines GL1~GLn are formed on the organic light emission
panel 101.

[0010] The plurality of gate lines GL1~GLn are electrically
connected to the gate driver 110. The plurality of data lines
DL1~DLm are electrically connected to the data driver 120.
[0011] The gate driver 110 uses signals applied from the
timing controller 130 and applies a gate voltage to the organic
light emission panel 101 through the gate line GL.

[0012] The data driver 120 uses signals applied from the
timing controller 130 and applies data voltages to the organic
light emission panel 101 through the data lines DL.

[0013] Theheat generation caused by driving the related art
OLED device becomes a big issue. More particularly, the heat
generation in the data driver, which is being fabricated in an
integrated circuit chip shape, becomes a large problem. In
order to solve the heat generation of the data driver and
enhance a data charging property, a charge-sharing method
allowing adjacent pixels to share electric charges with each
other and a pre-charging method enabling an externally fixed
voltage to be input prior to the data voltage are proposed. The
charge-sharing and the pre-charging are being used alone or
together.

[0014] FIG. 2 s a circuit diagram showing the connection
configuration of a data driver according to the related art.
[0015] As shown in FIG. 2, the related art data driver
includes a data latch 151 and a plurality of DACs (Digital-to-
Analog Converters) 153.

[0016] The data latch 151 sequentially latches data signals
applied from the timing controller. Also, the data latch 151
simultaneously outputs the latched data signals for a single
horizontal line in response to a source output enable signal
from the timing controller.

Apr. 4,2013

[0017] The plurality of DACs 153 converts a single hori-
zontal line of data signal applied from the data latch 151 into
analog data voltages. The analog data voltages are transmitted
from the DACs 153 to the plurality of data lines DL.

[0018] The data lines DL are used to transfer the data volt-
ages to the organic light emission panel. Each data line DL is
electrically connected to the respective DAC 153 through a
switch 155. The switch 155 replies to an output enable signal
OE and transfers the data voltage from the respective DAC
153 to the respective data line on the organic light emission
panel.

[0019] The data driver further includes a charging line 161
extending in a direction crossing the data lines DL. A charg-
ing voltage Vpre is applied to one end of the charging line
161. A charging capacitor 163 connected to the charging line
161 has a function of charging electric charges for a pre-
charging and a charge sharing. The charging line 161 is elec-
trically connected to the data lines DL through a plurality of
charging switches 157. The plurality of charging switches
158 are controlled by a charging control signal Pre applied
from the timing controller. The charging control signal Pre
and the output enable signal OE are opposite to each other in
waveform. When the charging control signal Pre has a high
level, the pre-charging and the charge-sharing are performed
for the data lines DL. On the contrary, if the output enable
signal OF has a high level, the data voltages are applied from
the DACs 153 to the data lines DL.

[0020] FIG. 3 is a waveform diagram illustrating the volt-
age variation of a data line in accordance with a charging
control signal and an output enable signal of the related art.
[0021] DL(a)of FIG. 3 shows voltage state on the data line
DL when the pre-charging and the charge-sharing are not
performed. DL(b) shows voltage state on the data line DL
when the pre-charging and the charge-sharing are performed.
[0022] The charging control signal Pre has the high level in
a fixed interval whenever a fixed period elapsed. The output
enable signal OF has the low level when the charging control
signal Pre maintains the high level. Also, the output enable
signal OF maintains the high level during the low level inter-
val of the charging control signal Pre.

[0023] Thedata voltage transitions from a high voltage to a
low voltage on the basis of the charging voltage Vpre when a
first period is exchanged with a second period. At this time,
the charge-sharing is performed in response to the charging
control signal Pre during the fixed interval, so that power is
recovered. When a third period is exchanged with a fourth
period, the data voltage rises from the low voltage to high
voltage on the basis of the charging voltage Vpre and the
pre-charging is performed in response to the charging control
signal Pre during the fixed interval. As such, power consump-
tion is reduced.

[0024] It is unnecessary to perform the pre-charging and
the charge-sharing when a second or fourth period is
exchanged with a third or fifth period. Nevertheless, the
charging control signal Pre forces the pre-charging or the
charge-sharing to be performed. Due to this, power consump-
tion increases. Moreover, the unnecessarily performed pre-
charging or charge-sharing causes the data driver to generate
large amounts of heat.

BRIEF SUMMARY

[0025] According to one general aspect of the present
embodiment, an organic light-emitting display device
includes: a plurality of data lines; a charging line formed in a
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direction crossing the plurality of data lines; and charging
switches connected between the charging line and the data
lines, wherein the charging line inputs a charging voltage and
the charging switches are individually controlled in data line.
[0026] A driving method of an organic light-emitting dis-
play device according to another general aspect of the present
embodiment includes: detecting the polarity of a data signal
by comparing the data signal with a reference data; tempo-
rarily storing the detected polarity of the data signal; deter-
mining whether or not to perform a pre-charging and a
charge-sharing through a comparison of the detected polarity
and the stored polarity; and performing the pre-charging and
the charge-sharing in data line on the basis of the determined
resultant.

[0027] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the invention, and be
protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments. It is to be understood that both the
foregoing general description and the following detailed
description of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are included to
provide a further understanding of the embodiments and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the disclosure. In the drawings:

[0029] FIG.1 isablock diagram showing an OLED device
according to the related art;

[0030] FIG. 2 s a circuit diagram showing the connection
configuration of a data driver according to the related art;

[0031] FIG. 3 is a waveform diagram illustrating voltage of
adataline being varied along a charging control signal and an
output enable signal of the related art;

[0032] FIG. 41s a circuit diagram showing a data driver of
an OLED device according to a first embodiment of the
present disclosure;

[0033] FIG. 5 is a block diagram showing a charging con-
troller of the OLED device according to a first embodiment of
the present disclosure;

[0034] FIG. 6 is a data sheet illustrating polarities, which
are determined through the comparison of a data signal with
a reference data according to a first embodiment of the dis-
closure;

[0035] FIG. 7 is a waveform diagram illustrating voltage
variation on adataline of the OLED device according to a first
embodiment of the present disclosure;

[0036] FIG. 81is a circuit diagram showing a data driver of
an OLED device according to a second embodiment of the
present disclosure;

[0037] FIG.9 is a block diagram showing a charging con-
troller of the OLED device according to a second embodi-
ment of the present disclosure;
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[0038] FIG. 10 is a data sheet illustrating polarities which
are determined through the comparison of a data signal with
first and second reference data according to a second embodi-
ment of the disclosure;

[0039] FIG. 11 is a data sheet illustrating polarities which
are determined through the comparison of a data signal with
a reference data according to a third embodiment of the dis-
closure;

[0040] FIG. 12 is a circuit diagram showing a data driver of
an OLED device according to a fourth embodiment of the
present disclosure; and

[0041] FIG. 13 is a data sheet illustrating polarities which
are determined through the comparison of a data signal with
a reference data according to a fourth embodiment of the
disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

[0042] Reference will now be made in detail to the embodi-
ments of the present disclosure, examples of which are illus-
trated in the accompanying drawings. These embodiments
introduced hereinafter are provided as examples in order to
convey their spirits to the ordinary skilled person in the art.
Therefore, these embodiments might be embodied in a dif-
ferent shape, so are not limited to these embodiments
described here. Also, the size and thickness of the device
might be expressed to be exaggerated for the sake of conve-
nience in the drawings. Wherever possible, the same refer-
ence numbers will be used throughout this disclosure includ-
ing the drawings to refer to the same or like parts.

[0043] FIG. 4 is a circuit diagram showing a data driver of
an OLED device according to a first embodiment of the
present disclosure.

[0044] Referring to FIG. 4, the data driver of the OLED
device according to a first embodiment of the present disclo-
sure includes a first latch 51 and a plurality of DACs 53
connected to the first latch 51.

[0045] The first latch 51 sequentially latches data signals
RGB applied from the timing controller (not shown). Also,
the first latch 51 simultaneously outputs the latched data
signals for a single horizontal line in response to a source
output enable signal from the timing controller.

[0046] Theplurality of DACs 53 convert a single horizontal
line of data signals applied from the first latch 51 into analog
data voltages. The analog data voltages are simultaneously
output from the DACs 53 to the plurality of data lines DL. The
data voltages output from the plurality of DACs 53 can be
applied to the plurality of data lines in response to an output
enable signal OF from the timing controller (not shown). To
this end, the data driver includes switches 55 each connected
to the plurality of data lines DL. The switch 55 can be con-
trolled by the output enable signal OF applied from the timing
controller. The switch 55 can be a thin film transistor. When
the thin film transistors are used as switches 55, the output
enable signal is applied to a gate electrode of each thin film
transistor, source and drain electrodes of each thin film tran-
sistor are connected to the respective DAC 53 and the respec-
tive data line DL.

[0047] The data driver can further include a charging line
61 extending in a direction crossing the data lines DL. A
charging voltage Vpre can be applied to one end of the charg-
ing line 61. A charging capacitor 63 can be connected to the
charging line 61. When the data voltage falls from a high



US 2013/0083093 A1l

voltage to a low voltage on the basis of the charging voltage
Vpre, the charging capacitor 63 can charge electric charges
which are discharged from the data lines due to a falling
voltage. On the contrary, if the data voltage rises from the low
voltage to the high voltage on the basis of the charging voltage
Vpre, the charging capacitor 63 discharges electric charges
toward the data lines DL due to a rising voltage. In other
words, at the pre-charging and the charge-sharing, electric
charges can be charged and discharged by the charging
capacitor 63. Therefore, power consumption can be reduced
by an amount of electric charge being charged and dis-
charged.

[0048] The charging line 61 can be connected to the plural-
ity of data lines DL through a plurality of charging switches
57. The plurality of charging switches 57 can be individually
controlled by respective logical signals Y1~Y4. For example,
the charging switch 57 connected to the first data line DL1 is
controlled by a first logical signal Y1, the charging switch 57
connected to the second data line DL2 is controlled by a
second logical signal Y2, the charging switch 57 connected to
the third data line DL3 is controlled by a third logical signal
Y3, and the charging switch 57 connected to the fourth data
line DL4 is controlled by a fourth logical signal Y4.

[0049] The charging switch 57 can be configured with a
thin film transistor. If the thin film transistors are used as
charging switches 57, the logical signals Y1~Y4 are applied
to gate electrodes of the respective thin film transistors,
source electrodes of the thin film transistors are commonly
connected to the charging line 61, and drain electrodes of the
thin film transistors are connected to the respective data lines
DL.

[0050] The switches 55 and the charging switches 57 are
not limited to those shown in the drawings. In other words, the
switches 55 and the charging switches 57 can be included in
the data driver by the number of data lines, respectively.

[0051] The plurality of logical signals Y1~Y4 can be gen-
erated by a charging controller 70, a second latch 81 and a
logical comparator 83.

[0052] The charging controller 70 can receive a reference
data Ref and the data signals and sequentially output enable
signals EN. The charging controller 70 compares the data
signal RGB with the reference data Ref and determines
whether or not it is necessary to perform a pre-charging and a
charge-sharing. The charging controller 70 generates the
enable signal EN in accordance with the determined resultant
and applies the enable signal EN to the second latch 81. Such
acharging controller 70 will be explained in detail referring to
FIGS. 5 and 6, later.

[0053] The second latch 81 can sequentially latch the
enable signals EN applied from the charging controller 70 and
simultaneously output a single horizontal line of latch signals
X1-X4.

[0054] The latch signals X1~X4 being output from the
second latch 81 are applied to the logical comparator 83. In
addition, a charging control signal Pre can be applied to the
logical comparator 83. The charging control signal Pre can be
generated in the timing controller. If the charging control
signal Pre has a high level, the logical comparator 83 outputs
the logical signals Y1~Y4. On the contrary, while the charg-
ing control signal Pre maintains a low level, the logical com-
parator 83 does not output the logical signals Y1~Y4. Then,
the charging switches 57 are individually opened and closed
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by the respective logical signals Y1~Y4. As such, the pre-
charging and the charge-sharing can be controlled by the
charging control signal Pre.

[0055] FIG. 5 is a block diagram showing a charging con-
troller of the OLED device according to a first embodiment of
the present disclosure.

[0056] Referring to FIG. 5, the charging controller 70 of the
OLED device includes a data comparator 71, a determiner 73,
a storage portion 75 and an output portion 77.

[0057] The data comparator 71 can input serial data signals
RGB and a reference data Ref. The data signal RGB and the
reference data Ref can be applied from the timing controller
(not shown) to the data comparator 71. The reference data Ref
can have a value input in the data driver. The data comparator
71 can output a polarity signal by comparing the data signal
RGB with the reference data Ref.

[0058] FIG. 6 is a data sheet illustrating polarities being
determined through the comparison of a data signal RGB and
a reference data Ref according to a first embodiment of the
disclosure.

[0059] As shown in FIG. 6, the data signal RGB can have
any one from a minimum gray level to a maximum gray level.
[0060] The data signal RGB can be defined on the basis of
the reference data Ref into an A polarity between the refer-
ence data Ref and the maximum gray level and a B polarity
between the reference data Ref and minimum gray level. The
reference data Ref can be set to be any one between the
maximum and minimum gray levels. In other words, the
reference data Refis a data signal corresponding to the charg-
ing voltage Vpre.

[0061] The data signal RGB and the reference data can be
8-bit binary codes. When the data signal RGB is compared to
the reference data Ref, the entire bits within the 8-bit binary
code may be used in the comparison in order to determine the
polarity of the data signal.

[0062] The comparison of the data sighal RGB and the
reference data Ref can be performed for only some most
significant bits, in order to enhance the response speed of the
data comparator 71. If a single most significant bit is used in
the comparison, the accuracy of polarity determination is
about 50%. When two most significant bits are used in the
comparison, the accuracy of polarity determination corre-
sponds to 75% in which the accuracy of 25% is increased by
the second bit. In case three most significant bits are used in
the comparison, the accuracy of polarity determination is
87.5% in which the accuracy of 12.5% is further increased by
the third bit. When four most significant bits are used in the
comparison, the accuracy of polarity determination corre-
sponds to 93.75% in which the accuracy of 6.25% is still
further increased by the fourth bit. The ordinary power supply
units have a tolerance of +5%. As such, in order to accurately
determine the polarity of a data signal, the comparison of the
data signal RGB with the reference data Ref must be per-
formed for at least four most significant bits.

[0063] The data comparator 71 determines the polarity of
the data signal RGB and applies the determined polarity of the
data signal to the determiner 73 and the storage portion 75.

[0064] Thestorage portion 75 temporarily stores the polari-
ties of the data signals of a previous period. In other words, the
storage portion 75 temporarily stores the polarities of the data
signals during a single period and then applies the polarities
of the data signals of the previous period (hereinafter, the
polarities of the previous data signal) to the determiner 73.
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[0065] The determiner 73 compares the polarity of the pre-
vious data signal applied from the storage portion 75 with the
polarity of the current data signal applied from the data com-
parator 71 and determines whether or not it is necessary to
perform the pre-charging and the charge-sharing. For
example, if the polarity of the previous data signal is the same
as that of the current data signal, the determiner 73 determines
that it is unnecessary to perform the pre-charging and the
charge-sharing. On the contrary, when the polarity of the
previous data signal is different from that of the current data
signal, the determiner 73 determines that it is necessary to
perform the pre-charging and the charge-sharing. The deter-
miner 73 supplies the output portion 77 with the determina-
tion signal about whether or not to perform the pre-charging
and the charge-sharing,

[0066] The output portion 77 generates an enable signal
EN, which is used to control the pre-charging and the charge-
sharing, on the basis of the determination signal applied from
the determiner 73. The enable signal EN with a high level
enables the pre-charging and the charge-sharing to be per-
formed. Meanwhile, the enable signal EN with a low level
forces the pre-charging and the charge-sharing to be hot per-
formed.

[0067] FIG. 7 is a waveform diagram illustrating voltage
variation on adataline of the OLED device according to a first
embodiment of the present disclosure.

[0068] Referring to FIGS. 4 through 7, DL(a) of FIG. 7
shows voltage state on a data line DL when the pre-charging
and the charge-sharing are not performed. DL(b) shows volt-
age state on the data line DL when the pre-charging and the
charge-sharing are performed. The charging voltage Vpreis a
analog signal corresponding to the reference data Ref.

[0069] The charging control signal Pre has the high level in
a fixed interval whenever a fixed period elapsed. The output
enable signal OF has the low level when the charging control
signal Pre maintains the high level. Also, the output enable
signal OF maintains the high level during the low level inter-
val of the charging control signal Pre.

[0070] The data voltages of first, fourth and fifth periods
have a higher voltage compared to the charging voltage Vpre.
The data signals opposite to the data voltage of the first, fourth
and fifth periods also have gray levels higher than the refer-
ence data Ref. As such, all the data signals of the first, fourth
and fifth periods have the A polarity. Meanwhile, the data
voltages of second and third periods have a lower voltage
compared to the charging voltage Vpre. Also, the data signals
opposite to the data voltage of the second and third periods
have gray levels lower than the reference data Ref. As such, all
the data signals of the second and fourth periods have the B
polarity. In accordance therewith, the polarity of the data
voltage changes when the first period is exchanged with the
second period and the third period is exchanged with the
fourth period. As a result, the enable signal EN has a high
level in the second and fourth periods.

[0071] For example, if an enable signal EN opposite to the
first data line DL1 has the high level in the second period, the
first latch signal X1 with the high level is output from the
second latch 81. As such, the logical comparator 83 outputs
the first logical signal Y1 with the high level during the high
level interval of the charging control signal Pre. Then, the
charging switch 57 connected to the first data line DL1 is
closed and the charge-sharing, which allows electric charges
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to be charged from the first data line DL1 into the charging
capacitor 63, is performed. The charge-sharing can enables
power to recovery.

[0072] Also, when the enable signal EN opposite to the first
data line DL1 has the high level in the fourth period., the first
latch signal X1 with the high level is output from the second
latch 81. As such, the logical comparator 83 outputs the first
logical signal Y1 with the high level during the high level
interval of the charging control signal Pre. Then, the charging
switch 57 connected to the first data line DL1 is closed and the
pre-charging, which allows electric charges stored in the
charging capacitor 63 to be discharged to the first data line
DL1, is performed. The pre-charging can reduce power con-
sumption.

[0073] The OLED device according to the first embodi-
ment can control the pre-charging and the charge-sharing to
be performed in dataline. As such, power consumption can be
reduced.

[0074] Also, the OLED device according to the first
embodiment enables the pre-charging and the charge-sharing
to be performed only when the data voltage is steeply varied.
Therefore, power consumption can be further reduced. More-
over, the pre-charging and the charge-sharing can be per-
formed only periods when they are needed. As such, heat
generation in the data driver can be reduced.

[0075] FIG. 8is a circuit diagram showing a data driver of
an OLED device according to a second embodiment of the
present disclosure.

[0076] The second embodiment is the same as the first
embodiment except that the polarity of the data signal is
distinguished into three steps and the pre-charging and the
charge-sharing are performed using first and second charging
control signals and primary and secondary charging switches.
Accordingly, the description of the first embodiment to be
repeated in the second embodiment of the present disclosure
will be omitted.

[0077] Referring to FIG. 8, the data driver of the OLED
device according to a second embodiment of the present
disclosure includes a first latch 251 and a plurality of DACs
253 connected to the first latch 251.

[0078] The first latch 251 sequentially latches data signals
RGB applied from the timing controller (not shown). Also,
the first latch 251 simultaneously outputs the latched data
signals for a single horizontal line in response to a source
output enable signal from the timing controller. The plurality
of DACs 253 convert a single horizontal line of data signals
applied from the first latch 251 into analog data voltages. The
analog data voltages are simultaneously output from the
DACs 253 to the plurality of data lines DL

[0079] The data driver can further include first and second
charging lines 261 and 265 extending in a direction crossing
the data lines DL. The first and second charging lines 261 and
263 can be formed parallel to each other.

[0080] A first charging voltage Vprel can be applied to one
end of the first charging line 261. A first charging capacitor
263 can be connected to the charging line 261. When the data
voltage falls from a high voltage to a low voltage on the basis
ofthe first charging voltage Vprel, the first charging capacitor
263 can charge electric charges which are discharged from
the data lines DL due to a falling voltage. On the contrary, if
the data voltage rises from the low voltage to the high voltage
on the basis of the first charging voltage Vprel, the first
charging capacitor 263 discharges electric charges toward the
data lines DL due to a rising voltage. In other words, at the
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pre-charging and the charge-sharing, electric charges can be
charged and discharged by the first charging capacitor 263.
Therefore, power consumption can be reduced by an amount
of electric charge being charged and discharged.

[0081] A second charging voltage Vpre2 can be applied to
one end of the second charging line 265. A second charging
capacitor 267 can be connected to the second charging line
265. When the data voltage falls from a high voltage to a low
voltage on the basis of the second charging voltage Vpre2, the
second charging capacitor 267 can charge electric charges
which are discharged from the data lines DL due to a falling
voltage. On the contrary, if the data voltage rises from the low
voltage to the high voltage on the basis of the second charging
voltage Vpre2, the second charging capacitor 267 discharges
electric charges toward the data lines DL due to a rising
voltage. In other words, at the pre-charging and the charge-
sharing, electric charges canbe charged and discharged by the
second charging capacitor 267. Therefore, power consump-
tion can be further reduced by an amount of electric charge
being charged and discharged.

[0082] The first charging line 261 can be connected to the
plurality of data lines DL through a plurality of primary
charging switches 257. The plurality of primary charging
switches 257 can be individually controlled by respective
primary logical signals Y1~Y4.

[0083] The second charging line 265 can be connected to
the plurality of data lines DL through a plurality of secondary
charging switches 259. The plurality of secondary charging
switches 259 can be individually controlled by respective
secondary logical signals Z1~74.

[0084] The primary charging switches 257 and the second-
ary charging switches 259 can be configured to each include
a thin film transistor.

[0085] Ifthe thin film transistors are used as primary charg-
ing switches 257, the primary logical signals Y1~Y4 are
applied to gate electrodes of the respective thin film transis-
tors, source electrodes of the thin film transistors are com-
monly connected to the first charging line 261, and drain
electrodes of the thin film transistors are connected to the
respective data lines DL.

[0086] When the thin film transistors are used as secondary
charging switches 259, the secondary logical signals 7Z1~74
are applied to gate electrodes of the respective thin film tran-
sistors, source electrodes of the thin film transistors are com-
monly connected to the second charging line 265, and drain
electrodes of the thin film transistors are connected to the
respective data lines DL.

[0087] The switches 255, the primary charging switches
257 and the secondary charging switches 259 are not limited
to those shown in the drawings. In other words, the switches
255, the primary charging switches 257 and the secondary
charging switches 259 can be included in the data driver by
the number of data lines, respectively.

[0088] The plurality of primary logical signals Y1~Y4 and
the plurality of secondary logical signals Z1~74 can be gen-
erated by a charging controller 270, a second latch 281 and a
logical comparator 283.

[0089] The charging controller 270 can receive a first ref-
erence data Refl, a second reference data Ref2 and the data
signals and sequentially output enable signals EN. The charg-
ing controller 270 compares the data signal RGB with the first
reference data Refl and the second reference data Ref2, and
determines whether or not it is necessary to perform a pre-
charging and a charge-sharing. The charging controller 270
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generates the enable signal EN in accordance with the deter-
mined resultant and applies the enable signal EN to the sec-
ond latch 281. Such a charging controller 270 will be
explained in detail referring to FIGS. 9 and 10, later.

[0090] The second latch 281 can sequentially latch the
enable signals EN applied from the charging controller 270
and simultaneously output a single horizontal line of primary
latch signals X1~X4 and a single horizontal line of second
latch signals U1~U4.

[0091] The primary latch signals X1~X4 and the secondary
latch signals U1~U4 being output from the second latch 281
are applied to the logical comparator 283. In addition, a
charging control signal Pre can be applied to the logical
comparator 283. If the charging control signal Pre has a high
level, the logical comparator 283 outputs the primary logical
signals Y1~Y4 and the secondary logical signals. On the
contrary, while the charging control signal Pre maintains a
low level, the logical comparator 283 does not output the
primary logical signals Y1~Y4 and the secondary logical
signals Z1~74.

[0092] Then, the primary charging switches 257 are indi-
vidually opened and closed by the respective primary logical
signals Y1~Y4. Also, the secondary charging switches 259
are individually opened and closed by the respective second-
ary logical signals Z1~74. As such, the pre-charging and the
charge-sharing can be controlled by the charging control sig-
nal Pre.

[0093] FIG. 9 is a block diagram showing a charging con-
troller of the OLED device according to a second embodi-
ment of the present disclosure.

[0094] Referring to FIG. 9, the charging controller 270 of
the OLED device according to the first embodiment includes
a data comparator 271, a determiner 273, a storage portion
275 and an output portion 277.

[0095] The data comparator 271 can input serial data sig-
nals RGB, a first reference data Refl and a second reference
data Ref2. The data comparator 271 can output a polarity
signal by comparing the data signal RGB with the first refer-
ence data Refl and the second reference data Ref2.

[0096] FIG. 10 is a data sheet illustrating polarities which
are determined through the comparison of a data signal with
a first reference data and a second reference data according to
a second embodiment of the disclosure.

[0097] As shown in FIG. 10, the data signal RGB can have
any one from a minimum gray level to a maximum gray level.
[0098] The data signal RGB can be defined on the basis of
the first reference data Refl and the second reference data
Ref2 into an A polarity between the first reference data Refl
and the maximum gray level, a B polarity between the first
reference data Refl and the second reference data Ref2, a C
polarity between the second reference data Ref2 and mini-
mum gray level. The first reference data Ref1 and the second
reference data Ref2 can be set to be any two between the
maximum and minimum gray levels. The first reference data
Refl can be set to be a higher gray level compared to the
second reference data Ref2. The first reference data Refl is a
data signal corresponding to the first charging voltage Vprel,
and the second reference data is another data signal corre-
sponding to the second charging voltage Vpre2.

[0099] The data comparator 271 determines the polarity of
the data signal RGB and applies the determined polarity of the
data signal to the determiner 273 and the storage portion 275.
[0100] The storage portion 275 temporarily stores the
polarities of the data signals of a previous period. In other



US 2013/0083093 A1l

words, the storage portion 275 temporarily stores the polari-
ties of the data signals during a single period and then applies
the polarities of the data signals of the previous period to the
determiner 273.

[0101] The determiner 273 compares the polarity of the
previous data signal applied from the storage portion 275 with
the polarity of the current data signal applied from the data
comparator 271 and determines whether or not it is necessary
to perform the pre-charging and the charge-sharing.

[0102] ifthe polarity ofthe previous data signal is the same
as that of the current data signal, the determiner 273 deter-
mines that it is unnecessary to perform the pre-charging and
the charge-sharing. On the contrary, when the polarity of the
previous data signal is different from that of the current data
signal, the determiner 273 determines that it is necessary to
perform the pre-charging and the charge-sharing. Also, if the
polarity difference between the previous data signal and the
current data signal corresponds to a single step, the pre-
charging and the charge-sharing can be performed using a
charging voltage opposite to the reference data which distin-
guishes the compared two polarities. Moreover, when the
polarity difference between the previous data signal and the
current data signal corresponds to double steps, the pre-
charging and the charge-sharing can be performed using a
charging voltage opposite to the reference data which is adja-
cent to the polarity of the current data signal.

[0103] For example, if the previous data signal has the A
polarity and the current data signal has the B polarity, the
determiner 273 determines that it is necessary to perform the
pre-charging and the charge-sharing using the first charging
voltage Vprel opposite to the first reference data Refl.
[0104] Also, when the previous data signal has the C polar-
ity and the current data signal has the B polarity, the deter-
miner 273 determines that it is necessary to perform the
pre-charging and the charge-sharing using the second charg-
ing voltage Vpre2 opposite to the second reference data Ref2.
[0105] Moreover, if the previous data signal has the A
polarity and the current data signal has the C polarity, the
determiner 273 determines that it is necessary to perform the
pre-charging and the charge-sharing using the second charg-
ing voltage

[0106] Vpre2 opposite to the second reference data Ref2
which is adjacent to the C polarity of the current data signal.
[0107] Furthermore, when the previous data signal has the
C polarity and the current data signal has the A polarity, the
determiner 273 determines that it is necessary to perform the
pre-charging and the charge-sharing using the first charging
voltage Vprel opposite to the first reference data Refl which
1s adjacent to the A polarity of the current data signal.
[0108] In this manner, the charging voltage opposite to the
reference data, which is adjacent to polarity of the current
data signal, is used to perform the pre-charging and the
charge-sharing. As such, the charging capacitor can charge
more electric charges when the data voltage falls, i.e., during
the charge-sharing. Also, the charging capacitor can dis-
charge more electric charges toward the data lines when the
data voltage rises, i.e., during the pre-charging. Therefore,
power consumption can be reduced.

[0109] The determiner 273 supplies the output portion 277
with the determination signal about whether or not to perform
the pre-charging and the charge-sharing.

[0110] The output portion 277 generates an enable signal
EN, which is used to control the pre-charging and the charge-
sharing, on the basis of the determination signal applied from
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the determiner 273. The enable signal EN can be configured
with two bits. The two bits of the enable signal EN canbe used
to control the pre-charging and the charge-sharing using one
of the first charging voltage Vprel and the second charging
voltage Vpre2 and using the other one.

[0111] The operation of the OLED device according to the
second embodiment will be described using the data voltage
onthe first data line DL1 as an example and referring to FIGS.
8 through 10. If the previous data signal has the C polarity and
the current data signal has the A polarity, the charging con-
troller 270 applies an enable signal EN, which forces the
pre-charging and the charge-sharing to be performed on the
basis of the first charging voltage Vprel, to the second latch
281. Then, the second latch 281 applies a first primary latch
signal X1 to the logical comparator 283. As such, the logical
comparator 283 outputs the first primary logical signal Y1
with the high level during the high level interval of the charg-
ing control signal Pre. The first primary logical signal Y1
forces the first primary charging switch 257 to be closed. In
accordance therewith, the first data line DL1 is pre-charged
with the first charging voltage Vprel. At this time, electric
charges stored in the first charging capacitor 263 are dis-
charged to the first data line DL1. As a result, power con-
sumption can be reduced.

[0112] Meanwhile, when the previous data signal has the A
polarity and the current data signal has the C polarity, the
charging controller 270 applies an enable signal EN, which
forces the pre-charging and the charge-sharing to be per-
formed on the basis of the second charging voltage Vpre2, to
the second latch 281. Then, the second latch 281 applies a first
secondary latch signal U1 to the logical comparator 283. As
such, the logical comparator 283 outputs the first secondary
logical signal Z1 with the high level during the high level
interval of the charging control signal Pre. The first secondary
logical signal 71 forces the first secondary charging switch
259 to be closed. In accordance therewith, the first data line
DL1 is charge-shared with the second charging voltage
Vpre2. At this time, electric charges on the first data line DL1
are charged into the second charging capacitor 267. The elec-
tric charges stored in the second charging capacitor 250 can
beused in the pre-charging, later. Therefore, power consump-
tion can be reduced.

[0113] The plurality of primary charging switches 257 can
be individually controlled by the respective primary logical
signals Y1~Y4. Also, the plurality of secondary charging
switches 259 can be individually controlled by the respective
secondary logical signals Z1~74.

[0114] Although it is explained that the polarity of the data
signal is defined into two or three through the first and second
embodiments, the number of defined polarities is not limited
to this.

[0115] FIG. 11 is a data sheet illustrating polarities which
are determined through the comparison of a data signal with
a reference data according to a third embodiment of the dis-
closure.

[0116] An OLED device of the third embodiment is the
same as that of the first embodiment except that red, green and
blue data signals are each defined into polarities with different
areas on the basis of a single reference data opposite to a
charging voltage Vpre. Accordingly, the description of the
first embodiment to be repeated in the third embodiment of
the present disclosure will be omitted.

[0117] Referring to FIG. 11, driving voltages used to drive
red, green and blue sub-pixels within the OLED device are
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different from one another due to material properties of each
color sub-pixel. Due to the driving voltage differences
between the red, green and blue sub-pixels, polarities of red,
green and blue data signals, which are defined by a reference
data opposite to the same charging voltage Vpre, must have
different gray level ranges (i.e., different areas) from one
another.

[0118] The green data signal can be defined into a Ga polar-
ity between the reference data Ref and a maximum gray level
and a Gb polarity between the reference data Ref and a mini-
mum gray level. The red data signal can be defined into a Ra
polarity between the reference data Ref and the maximum
gray level and a Rb polarity between the reference data Ref
and the minimum gray level. The blue data signal can be
defined into a Ba polarity between the reference data Ref and
the maximum gray level and a Bb polarity between the ref-
erence data Ref and the minimum gray level.

[0119] The reference data Ref is set to be a gray level
opposite to the same charging voltage Vpre. As such, the
reference data Refis applied to all the red, green and blue data
signals in the same gray level. Therefore, the Gb, Rb and Bb
polarities have the same area, but the Ga, Rb and Bb polarities
must have different areas from one another due to the differ-
ences between maximum driving voltages in the OLED
device.

[0120] Inthis way, since the polarities of the red, green and
blue data signals are defined on the basis of a single reference
data, the pre-charging and the charge-sharing can be pet-
formed using only a single charging line. Therefore, the cir-
cuit configuration of a data driver can be simplified and fur-
thermore power consumption can be reduced.

[0121] FIG. 12 1s a circuit diagram showing a data driver of
an OLED device according to a third embodiment of the
present disclosure.

[0122] The fourth embodiment is the same as the first
embodiment except that the polarity of the data signal is
differently distinguished according colors including red,
green and blue and the pre-charging and the charge-sharing
are performed using a plurality of charging switches. Accord-
ingly, the description of the first embodiment to be repeated in
the fourth embodiment of the present disclosure will be omit-
ted.

[0123] Referring to FIG. 12, the data driver of the OLED
device according to a fourth embodiment of the present dis-
closure includes a first latch 351 and a plurality of DACs 353
connected to the first latch 351.

[0124] The first latch 351 sequentially latches data signals
RGB applied from the timing controller (not shown). Also,
the first latch 351 simultaneously outputs the latched data
signals for a single horizontal line in response to a source
output enable signal from the timing controller. The plurality
of DACs 353 convert a single horizontal line of data signals
applied from the first latch 351 into analog data voltages. The
analog data voltages are simultaneously output from the
DACs 353 to the plurality of data lines DL.

[0125] The plurality of data lines DL can include first
through fourth data lines DL1~DL4. The first and fourth data
lines DL1 and DI4 can be used to transmit data voltages to
red pixels. The second data line D12 can be used to transmit
a green data voltage to a green pixel. The third data line DL3
can be used to transmit a blue data voltage to a blue pixel.
[0126] The data driver can further include first through
third charging lines 361, 365 and 367 each extending in a
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direction crossing the data lines DL. The first through third
charging lines 361, 365 and 367 can be formed parallel to one
another.

[0127] A first charging voltage Vprel can be applied to one
end of the first charging line 361. A first charging capacitor
363 can be connected to the first charging line 361. At the
pre-charging and the charge-sharing, electric charges can be
charged and discharged by means of the first charging capaci-
tor 363. Therefore, power consumption can be reduced by an
amount of electric charge being charged and discharged.
[0128] Also, a second charging voltage Vpre2 can be
applied to one end of the second charging line 365. A second
charging capacitor 364 can be connected to the second charg-
ing line 365. The second charging capacitor 364 can charge
and discharge electric charges at the pre-charging and the
charge-sharing. As such, power consumption can be reduced
by an amount of electric charge being charged and dis-
charged.

[0129] Moreover, a third charging voltage Vpre3 can be
applied to one end of the third charging line 367. A third
charging capacitor 368 can be connected to the third charging
line 367. At the pre-charging and the charge-sharing, electric
charges can be charged and discharged by means of the third
charging capacitor 368. Therefore, power consumption can
be reduced by an amount of electric charge being charged and
discharged.

[0130] The first through third charging lines 361, 365 and
367 can be connected to the plurality of data lines DL through
a plurality of charging switches. The plurality of charging
switches can be individually controlled by a plurality of logi-
cal signals R1, R2, G1 and B1.

[0131] The first charging line 361 can be connected to the
first data line DL1 through a first charging switch 391. The
first charging switch 391 can be controlled by the first logical
signal R1. The first charging line 361 can also be connected to
the fourth data line DL4 through a fourth charging switch 397.
The fourth charging switch 397 can be controlled by a fourth
logical signal R2. The second charging line 365 can be con-
nected to the second data line DL2 through a second charging
switch 393. The second charging switch 393 canbe controlled
by the second logical signal G1. The third charging line 367
can be connected to the third data line DL3 through a third
charging switch 395. The third charging switch 395 can be
controlled by the third logical signal B1.

[0132] The switches 391, 391, 395 and 397 are not limited
to those shown in the drawings. In other words, The first
charging line 361 can be connected to a plurality of data lines
corresponding to the number of red pixels, the second charg-
ing line 365 can be connected to a plurality of data lines
corresponding to the number of green pixels, and the third
charging line 367 can be connected to a plurality of data lines
corresponding to the number of blue pixels

[0133] The plurality of logical signals R1, R2, G1 and B1
can be generated by a charging controller 370, a second latch
381 and a logical comparator 383.

[0134] The charging controller 370 can receive a first ref-
erence data Refl, a second reference data Ref2, a third refer-
ence data Ref3 and the data signals and sequentially output
enable signals EN. The charging controller 370 compares the
data signal RGB with the first reference data Refl, the second
reference data Ref2 and the third reference data Ref3 and
determines whether or not it is necessary to perform a pre-
charging and a charge-sharing. The charging controller 370
generates the enable signal EN in accordance with the deter-
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mined resultant and applies the enable signal EN to the sec-
ond latch 381. Such a charging controller 370 will be
explained in detail referring to FIG. 13, later.

[0135] The second latch 381 can sequentially latch the
enable signals EN applied from the charging controller 370
and simultaneously output a single horizontal line of latch
signals R1, R2, G1 and B1.

[0136] The latch signals R1, R2, G1 and B1 being output
from the second latch 381 are applied to the logical compara-
tor 383. In addition, a charging control signal Pre can be
applied to the logical comparator 383. When the charging
control signal Pre has a high level, the logical comparator 383
can output the logical signals R1, R2, G1 and B1.

[0137] FIG. 13 is a data sheet illustrating polarities which
are determined through the comparison of a data signal with
a reference data according to a fourth embodiment of the
disclosure.

[0138] In the OLED device according the fourth embodi-
ment, the polarity of a green data signal is determined on the
basis of a first reference data Refl opposite to the first charg-
ing voltage Vprel. The polarity of a red data signal deter-
mines is determined on the basis of a second reference data
Ref2 opposite to the second charging voltage Vpre2. The
polarity of the blue data signal is determined on the basis of a
third reference data Ref3 opposite to the third charging volt-
age Vpre3.

[0139] The green data signal can be defined into a Ga polar-
ity between the first reference data Refl and a maximum gray
level and a Gb polarity between the first reference data Refl
and a minimum gray level. The red data signal can be defined
into a Ra polarity between the second reference data Ref2 and
the maximum gray level and a Rb polarity between the second
reference data Ref2 and the minimum gray level. The blue
data signal can be defined into a Ba polarity between the third
reference data Ref3 and the maximum gray level and a Bb
polarity between the third reference data Ref3 and a mini-
mum gray level.

[0140] As such, the area of the Ga polarity is the same as
that of the Gb polarity. The area of the Ra polarity is the same
as that of the Rb polarity. The area of the Ba polarity is the
same as that of the Bb polarity.

[0141] Although it is not shown in the drawings, the polar-
ity of a white data signal can be determined on the basis of a
different reference data. In other words, if each pixel within
the OLED device is configured with n sub-pixels for display-
ing different colors from one another, the polarities of color
data signals can be determined using a plurality of reference
data below n and then the pre-charging and the charge-sharing
can be performed in each color data signal.

[0142] In this manner, the reference voltages can be set
according to the colors. As such, the pre-charging and the
charge-sharing can be efficiently performed even though a
driving voltage difference between different color sub-pixels
is generated due to material properties.

[0143] As described above, the OLED devices according to
the embodiments allow the pre-charging and the charge-shar-
ing to be performed in each data line. Therefore, power con-
sumption and heat generation can be reduced.

[0144] Thedriving methods ofthe OLED device according
to the embodiments enable not only the polarities of the data
signal to be defined on the basis of an arbitrary reference data
but also the pre-charging and the charge-sharing to be per-
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formed for a region in which the polarity variation exists. In
accordance therewith, power consumption and heat genera-
tion can be reduced.

[0145] It should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in
the art that will fall within the spirit and scope of the prin-
ciples of this disclosure. In other words, although embodi-
ments have been described with reference to a number of
illustrative embodiments thereof, this disclosure is not lim-
ited to those. Accordingly, the scope of the present disclosure
shall be determined only by the appended claims and their
equivalents. In addition, variations and modifications in the
component parts and/or arrangements, alternative uses must
be regarded as included in the appended claims.

1. An organic light emitting display device comprising:

a plurality of data lines;

acharging line arranged in a direction crossing the plurality

of data lines; and

charging switches connected between the charging line

and the data lines,

wherein the charging line inputs a charging voltage and the

charging switches are individually controlled in data
line.

2. The organic light emitting display device of claim 1,
further comprising a charging controller configured to control
the charging switches and to determine whether or not to
charge the charging voltage through a comparison of a pre-
vious data signal with a current data signal.

3. The organic light emitting display device of claim 2,
wherein the charging controller performs a polarity compari-
son on the basis of a reference data opposite to the charging
voltage and determines whether or not to charge the charging
voltage.

4. An organic light emitting display device of claim 2,
wherein the charging controller includes:

a comparator configured to compare the data signal with a

reference voltage and detect a polarity of the data signal;

a storage portion configured to temporarily store the polar-

ity of the data signal from the comparator; and

a determiner configured to compare the polarity of a cur-

rent data signal from the comparator with the polarity of
a previous data signal from the storage portion, and to
determine whether or not to perform a pre-charging and
a charge-sharing.

5. An organic light emitting display device of claim 4,
wherein the comparator compares at least four high bits for
the data signal and the reference data.

6. An organic light emitting display device of claim 1,
further comprising a charging capacitor connected to the
charging line.

7. An organic light emitting display device of claim 3,
wherein the charging controller uses at least one reference
data thatis provided and distinguishes at least three polarities.

8. An organic light emitting display device of claim 3,
wherein the reference data includes first through fourth ref-
erence data for red, green, blue and white data signals wherein
the first through fourth reference data are set to be different
gray levels.

9. An organic light emitting display device of claim 3,
wherein the reference data includes different reference data
less than n when a pixel is configured with n sub-pixels.

10. A method of an organic light emitting display device,
the method comprising:
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detecting the polarity of a data signal by comparing the data

signal with a reference data;

temporarily storing the detected polarity of the data signal,

determining whether or not to perform a pre-charging and

a charge-sharing through a comparison of the detected
polarity and the stored polarity; and

performing the pre-charging and the charge-sharing in data

line on the basis of the determined resultant.

11. The method of claim 10, wherein the reference data is
set to be a gray level opposite to a charging voltage which is
used as a basis of the pre-charging and the charge-sharing.

12. The method of claim 10, wherein the polarity detection
compares at least four high bits for the reference data and the
data signal.

13. The method of claim 10, wherein the determination for
the performance of the pre-charging and the charge-sharing
enables the pre-charging and the charge-sharing to be pet-
formed only when the detected and stored polarities are dif-
ferent from each other.

14. The method of claim 10, wherein the reference date
includes first and second reference data, and wherein the
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polarity detection allow at least three step polarities to be
selectively detected on the basis of first and second reference
data.

15. The method of claim 14, wherein the determination for
the performance of the pre-charging and the charge-sharing
enables the pre-charging and the charge-sharing to be per-
formed only when the detected and stored polarities are dif-
ferent from each other.

16. The method of claim 15, wherein the pre-charging and
the charge-sharing are performed using a charging voltage
opposite to a reference date, which is adjacent to the detected
polarity, when a difference between the detected polarity and
the stored polarity corresponds to two steps.

17. The method of claim 10, wherein the reference data
includes first through fourth reference data for red, green,
blue and white data signals wherein the first through fourth
reference data are set to be different gray levels.

18. The method of claim 10, wherein the reference data
includes different reference data less than n when a pixel is
configured with n sub-pixels.
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