US 201800830738A1

12 Patent Application Publication (o) Pub. No.: US 2018/0083078 A1

a9y United States

PARK et al.

43) Pub. Date: Mar. 22, 2018

(54) ORGANIC LIGHT EMITTING DISPLAY
DEVICE

(71) Applicant: LG Display Co., Ltd., Seoul (KR)

(72) Inventors: Hyemin PARK, Goyang-si (KR);
Hunki SHIN, Paju-si (KR); Dongik
KIM, Goyang-si (KR); Jinwoo LEE,
Seoul (KR)

(73) Assignee: LG Display Co., Ltd., Seoul (KR)
(21) Appl. No.: 15/697,024

(22) Filed: Sep. 6, 2017

(30) Foreign Application Priority Data

Sep. 22,2016 (KR) covccrvvceecenneaen 10-2016-0121665

Publication Classification

(51) Int. CL
HOIL 27/32
HOIL 51/10
HOIL 29/423

(2006.01)
(2006.01)
(2006.01)

(52) US.CL
CPC ..... HOIL 27/3248 (2013.01); HOIL 27/3262
(2013.01); HOIL 27/3211 (2013.01); HOIL
29/42312 (2013.01); HOIL 51/102 (2013.01)

7) ABSTRACT

The present disclosure relates to an organic light emitting
display device which comprises a plurality of sub-pixels
each of which comprises an OLED, a driving TFT, a first
TFT for applying a data voltage to a gate electrode of the
driving TFT, a second TFT for applying a reference voltage
to a source electrode of the driving TFT, and a storage
capacitor, a data driver for outputting the data voltage to a
data line and the reference voltage to a reference line, and a
gate driving unit for outputting signals to a first gate line
connected to the gate electrode of the first TFT and a second
gate line connected to the gate electrode of the second TFT,
wherein two adjacent sub-pixels emitting a same color is
supplied with the data voltages through different data lines
and share the first gate line and the second gate line.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority under
35 USC. §119(a) to Korean Patent Application No.
10-2016-0121665 filed on Sep. 22, 2016, which is incorpo-
rated by reference herein in its entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display device,
and more particularly, to an organic light emitting display
capable of compensating for characteristics of the driving
TFTs driving organic-emitting pixels in a structure in which
the pixels shares gate lines.

Description of the Background

[0003] An active matrix type organic light emitting dis-
play is an organic light emitting diode (hereinafter, referred
to as “OLED”) which emits light by itself, and has advan-
tages in fast response , high light emitting efficiency, high
brightness, and wide viewing angle.

[0004] An organic light emitting display device includes
pixels each including an OLED and a driving TFT (Thin
Film Transistor) in a matrix form, and adjusts the luminance
of an image implemented in a pixel according to gradation
of video data. The driving TFT controls the driving current
flowing in the OLED according to the voltage applied
between the gate electrode and the source electrode of the
driving TFT. The emission amount of the OLED is detet-
mined according to the driving current, and the brightness of
the image 1s determined according to the emission amount of
the OLED.

[0005] When the driving TFT operates in the saturation
region, the pixel current flowing from the drain to the source
of the driving TFT changes depending on the electrical
characteristics of the driving TFT, such as a threshold
voltage and an electron mobility. The electrical characteris-
tics of the driving TFTs vary between pixels due to various
causes such as process characteristics and time-varying
characteristics, and thus even if the same data voltage is
applied to pixels having different electrical characteristics of
TFTs, luminance deviations can occur between the pixels.
So, unless the characteristic deviations are compensated, it
is difficult to realize images with desired quality.

[0006] In order to solve such a problem, there has been
proposed a technique of compensating for a luminance
deviation due to a deviation of electrical characteristics (e.g.,
threshold voltage, mobility) of driving TFTs within pixels
and/or outside pixels. An internal compensation manner has
a disadvantage that a pixel structure is complicated and an
aperture ratio becomes low. On the other hand, an external
compensation manner, which senses the characteristic
parameters of the driving TFTs of individual pixels and
corrects input data according to the sensing values, takes a
long time for sensing.

[0007] Recently, a hybrid compensation manner has been
proposed in which a pixel structure is simplified and a
sensing time is reduced by compensating the luminance
non-uniformity due to the threshold voltage deviation of the
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driving TFTs by the external compensation manner, and
compensating the luminance non-uniformity due to the
mobility deviation of the driving TFTs by the internal
compensation manner.

[0008] Meanwhile, as the resolution of a mobile device
such as a smart phone increases, the number of pixels
increases compared to a panel size, which results in the
problems such as a complicated pixel structure and a reduc-
tion in free space in a bezel. In order to solve these problems,
there is a tendency to adopt a structure, for reducing the
number of channels of a source drive IC (Integrated Circuit),
in which gate lines of a k-th line and a (k+1)-th line are
shared and/or one channel supplies data voltages to two
sub-pixels adjacent in a horizontal direction.

[0009] However, when the structure sharing gate lines or
sharing a channel of a data driving circuit is applied to an
organic light emitting display, the hybrid compensation
scheme for solving the luminance non-uniformity problem
inherent in the organic light emitting display cannot be
realized.

SUMMARY

[0010] The present disclosure has been made in view of
the above circumstances. Accordingly, the present disclo-
sure is to provide an organic light emitting display device for
solving the problem of luminance non-uniformity in the
structure sharing gate lines or sharing a channel of a data
driving circuit.

[0011] Another aspect of the present disclosure is to
provide an organic light emitting display device for com-
pensating a threshold voltage and a mobility of a driving
TFT in the structure sharing gate lines or sharing a channel
of the data driving circuit.

[0012] An organic light emitting display device according
to an aspect of the present disclosure comprises: a display
panel equipped with a plurality of sub-pixels each of which
comprises an organic light emitting diode (OLED), a driving
TFT for controlling a driving current flowing through the
OLED, a first switch TFT for applying a data voltage to a
gate electrode of the driving TFT, a second switch TFT for
applying a reference voltage to a source electrode of the
driving TFT, and a storage capacitor connected between the
gate electrode and the source electrode; a data driving unit
configured to output the data voltage to a data line connected
to the sub-pixels, and output the reference voltage to a
reference line connected to the sub-pixels; and a gate driving
unit configured to output signals to a first gate line connected
to the gate electrode of the first switch TFT and a second
gate line connected to the gate electrode of the second switch
TFT, wherein two adjacent sub-pixels emitting a same color
are supplied with the data voltages through different data
lines and share the first gate line and the second gate line.
[0013] An organic light emitting display device compris-
ing a display panel including a plurality of pixels, each pixel
including subpixels each having an organic light emitting
diode (OLED), a driving TFT controlling a driving current
flowing through the OLED, a first switch TFT applying a
data voltage to a gate electrode of the driving TFT, a second
switch TFT applying a reference voltage to a source elec-
trode of the driving TFT, and a storage capacitor connected
between the gate electrode and the source electrode of the
driving TFT includes a data driving unit outputting the data
voltage to a data line connected to the sub-pixels, and
outputting the reference voltage to a reference line con-
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nected to the sub-pixels; and a gate driving unit outputting
signals to a first gate line connected to the gate electrode of
the first switch TFT and a second gate line connected to the
gate electrode of the second switch TFT; a timing controller
temporally separating a sensing driving from a display
driving, wherein the sensing driving senses driving charac-
teristics of the sub-pixels and updating compensation values
according to the sensed characteristics and the display
driving displays the input image reflecting the compensation
values according to a predetermined control sequence,
wherein the first gate line controls supply of the data voltage
and the second gate line controls the reference voltage, and
two adjacent sub-pixels emitting a same color are supplied
with the data voltage through different data lines and share
the first and second gate lines to compensate for a driving
characteristic of the driving TFT of the sub-pixels.

[0014] In an aspect, two adjacent sub-pixels emitting
different colors may be supplied with the data voltages
though a same channel.

[0015] In an aspect, the data driving unit may comprise a
demux switching unit including first, second, third and
fourth demux switches, wherein when the data driving unit
applies the data voltages output from the channel to the data
lines, the first and second demux switches select one of the
two adjacent sub-pixels emitting different colors and the
third and fourth dumux switches select one of the two
adjacent sub-pixels emitting the same color.

[0016] Inan aspect, signals controlling the first and second
demux switches may have a duty ratio of 50% and a period
of one horizontal period and be in opposite phases to each
other, and signals controlling the third and fourth demux
switches may have a duty ratio of 50% and a period of two
horizontal periods and be in opposite phases to each other.

[0017] In an aspect, in order to compensate for a change
of mobility of the driving TFT, a first scan signal applied to
the first gate line may maintain on-level and a second scan
signal applied to the second gate line may maintain off-level
during a sensing period during which a source voltage of the
driving TFT rises toward a data voltage applied to the gate
electrode of the driving TFT, and the first and second scan
signals may maintain off-level during an emission period
during which the OLED emits light according to a driving
current programmed in the sensing period.

[0018] In an aspect, the first and second scan signals may
become the on-level in synchronization with a start of a first
horizontal period, the first scan signal may become the
off-level before a second horizontal period ends, and the
second scan signal may become the off-level before the first
scan signal changes to the off-level.

[0019] In an aspect, the data driving unit may comprise an
initializing switch for supplying the reference voltage to the
reference line, a switch for sampling a voltage of the source
electrode as a sensing voltage when a predetermined voltage
1s applied to the gate electrode for an external compensation
and then a current flows through the driving TFT, an
analog-to-digital converter for converting the sampled sens-
ing voltage into a digital sensing value and a digital-to-
analog converter for converting digital data to be supplied to
the sub-pixel into a data voltage.

[0020] Inan aspect, the data to be supplied to the sub-pixel
may be modulated based on the digital sensing value in order
to compensate for a change of a threshold voltage of the
driving TFT.
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[0021] 1In an aspect, the change of the threshold voltage of
the driving TFT may be detected in a non-display section
immediately from when a driving power is applied to when
an image is displayed or a non-display section immediately
from when the image display ends to when the driving
power is cut off, and the compensation of the change of the
threshold voltage of the driving TFT and the change of the
mobility of the driving TFT may be performed during an
image display section.

[0022] Therefore, it becomes possible for neighboring
sub-pixels in a data line advancing direction to share not
only the gate line for providing the data voltage but also
another gate line for sensing the threshold voltage of the
driving TFT or providing an initial voltage, so the number of
gate lines can be reduced and the bezel to which GIP for
driving the gate lines is applied can be reduced.

[0023] In addition, it is possible to apply the hybrid
compensation manner to a structure sharing the gate lines or
sharing the channel of the data driving circuit, thereby
solving the problem of the luminance unevenness.

[0024] Moreover, two adjacent sub-pixels emitting differ-
ent colors share a channel, thereby reducing the number of
output channels included in the source drive IC, reducing the
number of source drive ICs included in the data driver
circuit, and thus reducing the bezel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of the present disclo-
sure, illustrate aspects of the disclosure and together with the
description serve to explain the principles of the present
disclosure.

[0026] In the drawings:

[0027] FIG. 1 shows an equivalent circuit of a sub-pixel to
which a hybrid compensation scheme is applied and a data
driving circuit;

[0028] FIG. 2 illustrates a principle in which the threshold
voltage change of a driving TFT is compensated,

[0029] FIG. 3 is a view for explaining the principle of
compensating for the mobility change of the driving TFT,

[0030] FIG. 4 shows an equivalent circuit of two sub-
pixels in neighboring lines which share a first gate line for
controlling the supply of the data voltage and a second gate
line for controlling the supply of the reference voltage and
compensate for the driving characteristic of the driving
TFTs;

[0031] FIG. 5 illustrates a structure in which data lines of
two adjacent sub-pixels of different colors share one chan-
nel;

[0032] FIG. 6 shows timing charts of the driving signals
for driving the circuits of FIGS. 4 and 5;

[0033] FIG. 7 is a block diagram showing a driving circuit
of an organic light emitting display according to an aspect of
the present disclosure;

[0034] FIG. 8 shows a sub-pixel array formed on the
display panel of FIG. 7,

[0035] FIG. 9 shows an equivalent circuit of two sub-
pixels in neighboring lines which share a first gate line for
controlling data supply and a second gate line for controlling
reference voltage supply and receive data voltages through
separate data lines, according to an aspect of the present
disclosure;
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[0036] FIG. 10 shows a data line structure in which data
lines of two neighboring sub-pixels of different colors share
one channel and data voltages are supplied to two sub-pixels
of neighboring lines through separate data lines, data volt-
ages and the circuit for driving the data lines, according to
an aspect of the present disclosure;

[0037] FIG. 11 shows timing charts of the driving signals
for driving the circuits of FIGS. 9 and 10 according to an
aspect of the present disclosure; and

[0038] FIGS. 12A to 12D show driving signals for driving
the circuits of FIGS. 9 and 10, and signals of the gate
electrode and the source electrode of the driving TFT.

DETAILED DESCRIPTION

[0039] Hereinafter, aspects of the present disclosure will
be described in detail with reference to the accompanying
drawings. Same reference numerals throughout the specifi-
cation denote substantially identical components. In the
following description, well-known functions or construc-
tions related to the present disclosure are not described in
detail since they would obscure the subject matter of the
disclosure in unnecessary detail.

[0040] FIG. 1 shows an equivalent circuit of a sub-pixel to
which a hybrid compensation scheme is applied and a data
driving circuit, FIG. 2 illustrates a principle in which the
threshold voltage change of a driving TFT is compensated,
and FIG. 3 is a view for explaining the principle of com-
pensating for the mobility change of the driving TFT.
[0041] Referring to FIG. 1, a subpixel or a pixel P for
hybrid compensation may comprise an OLED, a driving
TFT DT, a storage capacitor Cst, a first switch TFT ST1, and
a second switch TFT ST2. The TFTs constituting the pixel
P may be implemented as a p-type or an n-type. In addition,
the semiconductor layer of the TFTs constituting the pixel P
may include one of amorphous silicon, polysilicon, or an
oxide.

[0042] The OLED includes an anode electrode connected
to a second node N2, a cathode electrode connected to a
low-voltage power EVSS, and an organic compound layer
disposed between the anode electrode and the cathode
electrode.

[0043] The driving TFT DT controls the current Ioled
flowing through the OLED according to the gate-source
voltage Vgs of the driving TFT DT. The driving TFT DT
includes a gate electrode connected to the first node N1, a
drain electrode connected to a high-voltage power EVDD,
and the source electrode connected to a second node N2.
[0044] The storage capacitor Cst is connected between the
first node N1 and the second node N2.

[0045] The first switch TFT ST1 is switched in response to
a first gate signal SCAN (or a first scan signal) to apply a
data voltage MVdata for image display which is charged in
a data line (a data voltage in which the change in the
threshold voltage of the driving TFT is compensated) to the
first node N1. The first switch TFT ST1 includes a gate
electrode connected to a first gate line 15A (or a first scan
line), a drain electrode connected to the data line, and a
source electrode connected to the first node N1.

[0046] The second switch TFT ST2 is switched in
response to the second gate signal SEN (or a second scan
signal) to apply an initialization voltage Vref which is
charged in a reference line to the second node N2. The gate
electrode of the second switch TFT ST2 is connected to the
second gate line (or a second scan line), the drain electrode
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of the second switch TFT ST2 is connected to the second
node N2, and the source electrode of the switch TFT ST2 is
connected to the reference line.

[0047] The data driving circuit is connected to the pixel P
through the data line and the reference line. The data driving
circuit may include a digital-analog converter DAC for
converting the digital compensation data MDATA into a data
voltage MVdata for image display, an analog-digital con-
verter ADC operated to convert an analog sensing voltage
into a digital sensing value at the time of sensing driving for
an external compensation manner, a sampling switch SW2
for sampling the voltage of the source electrode of the
driving TFT as the sensing voltage when a predetermined
voltage is applied to the gate electrode of the driving TFT
and current flows to the driving TFT, and an initialization
switch SW1 for supplying an initialization voltage Vref to
the reference line.

[0048] Meanwhile, the change in mobility p of the driving
TFT may be compensated according to an internal compen-
sation scheme in an image display section. Whereas, the
change in threshold voltage Vth of the driving TFT may be
compensated according to an external compensation scheme
in a first non-display section disposed at the front of the
image display section and/or a second non-display section
disposed at the rear of the image display section. Here, the
first non-display section may be defined by a section imme-
diately from when a driving power is applied to when an
image is displayed, and the second non-display section may
be defined by a section immediately from when the image
display ends to when the driving power is cut off.

[0049] A principle in which the change in threshold volt-
age Vth of the driving TFT is sensed and compensated in the
external compensation manner will be described with ref-
erence to FIG. 2. According to the external compensation
manner, the driving TFT DT is operated in a source follower
manner, and then receives, as a sensing voltage, the source
voltage Vs of the driving TFT DT, and modulates input
digital video data to compensate the change in threshold
voltage of the driving TFT DT based on a digital sensing
value SD to which the ADC converts the sensing voltage.
The external compensation may be performed in at least one
of the non-display sections since the time required for
sensing the sensing voltage is relatively long.

[0050] A principle in which the change in mobility pofthe
driving TFT is sensed and compensated in the internal
compensation manner will be described with reference to
FIGS. 1 and 3. The internal compensation is performed
during periods including an initialization period Ti, a sens-
ing period Ts, and a light emission period Te.

[0051] In the initialization period Ti, both of the first and
second scan signals SCAN and SEN are maintained at an
ON level (Lon). A gate high voltage VGH of 24 V may be
selected for the ON level (Lon), but is not limited thereto.
The first switch TFT ST1 is turned on in response to the first
scan signal SCAN of an ON level, to apply a data voltage
MVdata to the gate electrode of the driving TFT DT, and the
second switch TFT ST2 is turned on in response to the
second scan signal SEN of an ON level, to apply an
initialization voltage Vref (or a reference voltage) to the
source electrode of the driving TFT DT.

[0052] Inthe sensing period Ts, the first scan signal SCAN
is maintained at an ON level (Lon) and the second scan
signal SEN is maintained at an OFF level (Lofl). A gate low
voltage VGL of -6 V may be selected for the OFF level
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(Loff), but is not limited thereto. The first switch TFT ST1
is maintained at a turn-on state, and thus the gate voltage Vg
of the driving TFT DT is maintained at the data voltage
MVdata. The second TFT ST2 is turned off, and here, the
current corresponding to the gate-source voltage Vgs, which
is set in the initialization period Ti, flows through the driving
TFT DT. Therefore, the source voltage Vs of the driving
TFT DT is raised toward the data voltage MVdata applied to
the gate electrode of the driving TFT DT according to a
source follower manner, and the gate-source voltage Vgs of
the driving TFT DT is programmed to meet the desired
grayscale level. As described above, the sensing period Ts is
defined as a time during which the first scan signal SCAN is
maintained at the ON level and the second scan signal SEN
is maintained at the OFF level.

[0053] In the light emission period Te, both of the first and
second scan signals SCAN and SEN are maintained at an
OFF level (Lof). The gate voltage Vg and the source voltage
Vs of the driving TFT DT are raised to a voltage level higher
than the threshold voltage of the OLED and then the voltage
is maintained while the gate-source voltage Vgs of the
driving TFT DT programmed in the sensing period Ts is
maintained. The driving current corresponding to the pro-
grammed gate-source voltage Vgs of the driving TFT DT
flows through the OLED, and as a result, the OLED emits
light and implements a desired grayscale.

[0054] As such, according to the internal compensation
manner, the change in mobility of the driving TFT DT is
compensated through a principle in which, during the sens-
ing period Ts, the source voltage Vs of the driving TFT DT
is raised in a capacitor coupling manner for a short period of
time while the gate voltage Vg of the driving TFT DT is
fixed to a data voltage MVdata. The driving current deter-
mining the light emitting amount (brightness) of the pixel is
proportional to mobility (i) of the driving TFT DT (included
in K or K' in equations) and the gate-source voltage Vgs of
the driving TFT DT programmed in the sensing period Ts, as
shown in mathematical formulas of FIG. 3.

[0055] During the sensing period Ts, in the pixel having
large mobility (K), the source voltage Vs of the driving TFT
DT is raised rapidly toward the gate voltage Vg, which is
higher than the source voltage Vs and thus the gate-source
voltage Vgs of the driving TFT DT is programmed to be
relatively small. On the contrary, during the sensing period
Ts, in the pixel having small mobility (K'), the source
voltage Vs of the driving TFT DT is raised slowly toward the
gate voltage Vg, which is higher than the source voltage Vs
and thus the gate-source voltage Vgs of the driving TFT DT
is programmed to be relatively large. As a result, the
difference in brightness due to the difference in mobility (u)
between pixels is compensated.

[0056] FIG. 4 shows an equivalent circuit of two sub-
pixels in neighboring lines which share a first gate line for
controlling the supply of the data voltage and a second gate
line for controlling the supply of the reference voltage and
compensate for the driving characteristic of the driving
TFTs, FIG. 5 illustrates a structure in which data lines of two
adjacent sub-pixels of different colors share one channel,
and FIG. 6 shows the timings of the driving signals for
driving the circuits of FIGS. 4 and 5.

[0057] The equivalent circuit of the sub-pixel of FIG. 4 is
the same as the equivalent circuit of the sub-pixel of FIG. 1,
so includes an OLED, a driving TFT DT, a storage capacitor
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Cst, a first switch TFT ST1 and a second switch TFT ST2.
And the sub-pixels of the kth line and the (k+1) th line have
the same configuration.

[0058] The sub-pixels of two lines in FIG. 4 share a first
gate line for controlling the data voltage supply and a second
gate line for controlling the supply of the reference voltage,
so the gate electrode of the first switch TFT ST1 of the
sub-pixel of the k-th line and the gate electrode of the first
switch TFT ST1 of the sub-pixel of the (k+1)-th line are tied
together and connected to the first gate line SCAN(k/k+1),
and the gate electrode of the second switch TFT ST2 of the
sub-pixel of the k-th line and the gate electrode of the second
switch TFT ST2 of the sub-pixel of the (k+1)-th line are tied
together and connected to the second gate line SEN(k/k+1).

[0059] The drain electrode of the first switch TFT ST1 of
the sub-pixel of the k-th line and the drain electrode of the
first switch TFT ST1 of the sub-pixel of the (k+1)-th line are
tied together and connected to the data line DATA supplying
data voltages, and the source electrode of the second switch
TFT ST2 of the sub-pixel of the k-th line and the source
electrode of the second switch TFT ST2 of the sub-pixel of
the (k+1)-th line are tied together and connected to a
reference line REF supplying a reference voltage.

[0060] In FIG. 5, data lines of two sub-pixels of different
colors neighboring in a horizontal direction are supplied
with data voltages through one channel. For example, two
neighboring sub-pixels R and G which emit light in the same
horizontal period (1H) may receive data voltages from the
channel 1 CH1, and two neighboring sub-pixels B and R
may receive data voltages from the channel 2 CH2. To this
end, the output line of each channel is branched to form two
data lines connected to different sub-pixels, and demux
switches DS1 and DS2 are formed in the respective data
lines, and in the demux switches DS1 and DS2 the supply of
the data voltage is controlled by the demux signals DMUX1
and DMUX2.

[0061] The first demux signal DMUX1 swings to a duty
ratio of 50% in one horizontal period 1H, and becomes on
level in a first section T1 of each horizontal period and off
level in a second section T2 of each horizontal period to
connect the first demux switch DS1 on the first section T1.
The second demux signal DMUX2 swings to a duty ratio of
50% in one horizontal period 1H, and becomes off level in
the first section T1 of each horizontal period and one level
in the second section T2 of each horizontal period to connect
the second demux switch DS2 on the second section T2.

[0062] The channel 1 CHI outputs R data voltage in the
first section T1 of each horizontal period and G data voltage
in the second section T2, and the R data voltage is supplied
to a R sub-pixel in the first period T1 and the G data voltage
is supplied to a G sub-pixel in the second period T2
according to the first and second demux signals DMUX1
and DMUX2.

[0063] Two sub-pixels of two lines corresponding to two
horizontal periods 2H share the first gate line and the second
gate line and each of the two sub-pixels is driven by the scan
signals SCAN and SEN corresponding to two horizontal
periods, so data voltages are applied to the sub-pixels of the
two lines.

[0064] In FIG. 6, in a first horizontal period, a subpixel of
k-th line is supplied with a data voltage for the correspond-
ing line, the first switch TFT ST1 of the k-th sub-pixel (the
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sub-pixel in k-th line) is turned on by the scan signal SCAN
of on level and the gate electrode of the driving TFT DT is
charged to the data voltage.

[0065] In a second horizontal period, a subpixel of (k+1)-
th line is supplied with a data voltage for the corresponding
line, the first switch TFT ST1 of the (k+1)-th sub-pixel (the
sub-pixel in (k+1)-th line) is turned on by the scan signal
SCAN of on level and the gate electrode of the driving TFT
DT is charged to the data voltage. However, since a data line
of the channel 1 CH1 is also connected to the sub-pixel of
the k-th line in the second horizontal period, when the data
voltage is applied to the (k+1)-th line, the data voltage for
the (k+1)-th line is applied to the k-th sub-pixel, so the
sub-pixel of the k-th line loses the data voltage of the gate
electrode of the driving TFT.

[0066] As described above, in the structure in which two
adjacent sub-pixels emitting different colors share one chan-
nel, if a gate line for applying a data voltage is shared in units
of two lines so two neighboring sub-pixels emitting the same
color (a sub-pixel in k-th line and a sub-pixel in (k+1)-th
line) are driven in unit of two horizontal periods, when a data
voltage is supplied to the sub-pixel in the (k+1)-th line, the
problem occurs that the data voltage of the gate electrode of
the driving TFT of the sub-pixel of the k-th line is mixed
with the data voltage of the (k+1)-th line. Therefore, in the
structure in which two adjacent sub-pixels emitting different
colors share one channel, the gate line cannot be shared in
unit of two lines in order to apply the data voltage, and the
number of gate lines cannot be reduced.

[0067] Especially, a second gate line is additionally nec-
essary to control the application of a reference voltage for an
internal compensation. As described with reference to FIGS.
4 1o 6, the second gate lines cannot be shared in unit of two
lines, so the first gate line and the second gate line are
required for each line, which makes a pixel configuration
complicated, an aperture ratio lowered, the size of GIP for
generating the two scan signals larger so the free space in a
bezel reduced, thus it becomes difficult to reduce the bezel
in a mobile device such as a smart phone.

[0068] The present disclosure has been developed in con-
sideration of this situation. The present disclosure proposes
a structure of a mobile device employing an OLED display
device in which the number of channels of a source drive IC
is reduced and gate lines are shared by two line unit while
the driving characteristics of pixels are subjected to external
compensation and internal compensation in a hybrid man-
ner, thereby reducing the size of a bezel.

[0069] FIG. 7is a block diagram showing a driving circuit
of an organic light emitting display according to an aspect of
the present disclosure, and FIG. 8 shows a sub-pixel array
formed on the display panel of FIG. 7.

[0070] The OLED display according to an aspect of the
present disclosure may include a display panel 10, a timing
controller 11, a data driver 12 and a gate driver 13.

[0071] A plurality of data lines 14A and reference lines
14B and a plurality of gate lines (or scan lines) 15A and 15B
cross each other on the display panel 10, and the pixels for
hybrid compensation (P) are arranged in a matrix form to
constitute a pixel array. The plurality of the data lines 14A
may include a plurality of first data lines 14A_1 and a
plurality of second data lines 14A_2. The plurality of gate
lines 15 may include a plurality of first gate lines 15A to
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which a first scan signal SCAN is supplied and a plurality of
second gate lines 15B to which a second scan signal SEN
may be supplied .

[0072] A pixel P may include an OLED, a driving TFT, a
storage capacitor, a first switch TFT, and a second switch
TFT. The TFTs constituting the pixel P may be implemented
as a p-type or an n-type or as a hybrid type in which P-type
and N-type are mixed. In addition, the semiconductor layer
of the TFTs may include one of amorphous silicon, poly-
silicon, or an oxide.

[0073] Each of the pixels P is connected to any one of the
data lines 14A_1 or 14A_2, any one of the reference lines
14B, any one of the first gate lines 15A, or any one of the
second gate lines 15B.

[0074] For example, each pixel P disposed in a first pixel
line L#1 is connected to one of the first data lines 14A_1 and
each pixel P disposed in a second pixel line L#2 is connected
to one of the second data lines 14A_2, such that each pixel
P disposed in an odd-numbered pixel line L#(2i-1) may be
connected to one of the first data lines 14A_1 and each pixel
P disposed in an even-numbered pixel line L#(2i) may be
connected to one of the second data lines 14A_2. Odd and
even numbers can be changed.

[0075] A plurality of pixels P included in one pixel unit
may share one reference line 14B. The pixel unit may be
composed of three sub-pixels including a red subpixel, a
green subpixel, and a blue subpixel (FIG. 8 shows an
example in which 1 pixel unit is composed of three sub-
pixels, so the data line connected to the last positioned
sub-pixel is 14A3m_1 or 14A3m_2), but it is not limited
thereto. It may be composed of four sub-pixels further
including a white sub-pixel, or in some cases by two
sub-pixels. In addition, although not shown, the sub-pixels
included in one pixel unit may be independently connected
to one of a plurality of reference lines without sharing one
reference line. Each of the pixels P is supplied with a high
potential drive voltage and a low potential drive voltage
from a power supply not shown.

[0076] All pixels P arranged in a first pixel line L#1 and
all pixels P arranged in a second pixel line L#2 may share
one 15A_1/2 of the first gate lines 15A and one 15B_1/2 of
the second gate lines 15B. That is, all pixels P arranged in
an odd-numbered pixel line [#(2k-1) and all pixels P in an
adjacent even-numbered pixel line L#(2k) may share one
15A_(2k-1)/2k of the first gate lines 15A and one 15B_(2k-
1)/2k of the second gate lines 15B with each other.

[0077] The organic light emitting display device of the
present disclosure employs an external compensation tech-
nique and an internal compensation technique in order to
compensate driving characteristics of pixels. The external
compensation scheme is a technique of sensing electrical
characteristics (threshold voltage) of driving TFTs or the
change of the electrical characteristics and compensating for
the digital data of input image according to the sensed
values. The internal compensation scheme is a technique for
compensating for the electron mobility or the change of the
mobility.

[0078] The timing controller 11 may temporally separate
the sensing driving (or external compensation driving) for
sensing driving characteristics of the pixels and updating
compensation values according to sensed characteristics and
the display driving for displaying the input image reflecting
the compensation values according to a predetermined con-
trol sequence. By the control operation of the timing con-
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troller 11, the external compensation driving is performed
during vertical blank periods (or vertical blank periods)
while the display driving is performed, or during a power-on
sequence period before the display driving is started (a
non-display period until a image display period in which an
image is displayed after driving power is applied), or in a
power-off sequence period after the display driving is fin-
ished (a non-display period until the drive power is turned
off immediately after the image display is ended).

[0079] The vertical blank period is a period in which input
image data is not written, and is arranged between two
vertical active periods in each of which input image data for
one frame is written. The power-on sequence period refers
to a transient period from when the driving power is turned
on until the input image is displayed. The power-off
sequence period means a transient period from the end of the
display of the input image until the driving power is turned
off.

[0080] The external compensation driving for sensing and
compensating the driving TFT characteristics may be per-
formed in a state where only the screen of the display device
is turned off during the system power supply, for example,
in a standby mode, a sleep mode. alow power mode, and the
like. The timing controller 11 detects a standby mode, a
sleep mode, a low power mode, and the like according to a
predetermined sensing process, and controls all operations
for the external compensation driving.

[0081] The pixel P may further include an internal com-
pensation circuit. The internal compensation circuit includes
one or more switch TFTs and one or more capacitors to
initialize the gate of the driving TFT and then senses the
threshold voltage and mobility of the driving TFT to com-
pensate the data voltage.

[0082] The timing controller 11 generates the data control
signal DDC for controlling the operation timings of the data
driver 12 and the gate control signal GDC for controlling the
operation timings of the gate driver 13, based on timing
signals, such as a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsync, a dot clock signal
DCLK, and a data enable signal DE. In addition, the timing
controller 11 may temporally separate the period during
which the image display is performed and the period during
which the external compensation operation is performed,
and generate control signals (DDC, GDC) for image display
and control signals (DDC, GDC) for external compensation
differently. The internal compensation operation is per-
formed during a period for displaying an image, and may
performed with different turn-off points (a second scan
signal SEN is turned off before a first scan signal SCAN is
turned off) after the first scan signal SCAN and the second
scan signal SEN are turned on together.

[0083] The gate control signal GDC includes a gate start
pulse GSP, a gate shift clock GSC, a gate output enable
signal GOE, and the like. The gate start pulse (GSP) is
applied to a gate stage that generates a first scan signal to
control the gate stage to generate the first scan signal. The
gate shift clock GSC is a clock signal commonly input to the
gate stages, and is a clock signal for shifting the gate start
pulse GSP. The gate output enable signal GOE is a masking
signal that controls the output of the gate stages.

[0084] The data control signal DDC includes a source start
pulse SSP, a source sampling clock SSC, a source output
enable signal SOE, and the like. The source start pulse SSP
controls the data sampling start timing of the data driver 12.
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The source sampling clock SSC is a clock signal that
controls the sampling timings of data in respective source
drive ICs on the basis of a rising or falling edge. The source
output enable signal SOE controls the output timing of the
data driver 12.

[0085] The data control signal DDC controls the operation
timings of the initialization switch SW1 for supplying a
reference voltage Vref to the reference line 14B and the
sampling switch SW2 for sampling a voltage sensing value
according to the external compensation operation.

[0086] The timing controller 11 receives a digital sensing
value SD according to the external compensation operation
from the ADC of the data driver 12. The timing controller 11
may modify input digital video data RGB based on the
digital sensing value SD to compensate for the electrical
characteristic deviation of the driving TFTs among pixels or
to compensate for the deterioration deviation of the OLEDs
among the pixels. The timing controller 11 transmits the
compensated digital video data MDATA to the data driver 12
during an operation period for image display.

[0087] The data driver 12 may include at least one source
drive IC SDIC and a demux switch unit 121.

[0088] The source drive IC SDIC includes a plurality of
digital-to-analog converters (hereinafter referred to as a
DAC) connected to the data lines 14A and a plurality of
sensing units and a plurality of ADCs connected to a
plurality of reference lines 14B. Each sensing unit is indi-
vidually connected to each pixel P disposed in one pixel line
(for example, Li) via the reference line 14B or connected in
common to a plurality of pixels P arranged in one pixel line
(for example, Li) via the reference line 14B. In FIG. 8, one
unit pixel composed of four pixels P is shown as sharing one
reference line 14B, but the technical idea of the present
disclosure is not limited thereto. The technical idea of the
present disclosure can be applied to various modifications in
which two or more pixels P are connected to one sensing unit
via one reference line 14B.

[0089] The DAC of the source drive IC converts input
image data into data voltages for displaying in accordance
with the data control signal DDC applied from the timing
controller 11 at the time of display driving and supplies the
data voltages to the data lines 14A. The data voltage for
display is a voltage that varies depending on the gray level
of the input image.

[0090] The DAC of the source drive IC generates data
voltages for sensing in accordance with the data control
signal DDC applied from the timing controller 11 at the time
of the sensing driving for the external compensation and
supplies the data voltages to the data lines 14A. The data
voltages for sensing are capable of turning on the driving
TFTs provided in the pixels P during the sensing driving.
The data voltages for sensing may be generated with the
same value for all the pixels P. Also, taking into account that
the pixel characteristics are different for each color, the data
voltages for sensing may be generated with different values
for individual colors. For example, the data voltage for
sensing may be generated with a first value for first pixels
representing a first color, a second value for second pixels
representing a second color and a third value for third pixels
representing a third color.

[0091] The sensing unit supplies a reference voltage Vref
to the reference line 14B based on the data control signal
DDC or senses and holds a sensing value (electrical char-
acteristic value for the OLED or the driving TFT) inputted
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through the reference line 14B and then feeds it to the ADC.
The sensing unit may be implemented as a current sensing
type or a voltage sensing type.

[0092] The demux switch unit 121 may include first,
second, third and fourth switches with respect to each
channel of the source drive IC. The first and second switches
distribute the signals (data voltages) output from a corre-
sponding channel to two data lines respectively connected to
two neighboring (neighboring in a horizontal direction in
which the gate line advances) sub-pixels emitting different
colors and the third and fourth switches distribute the signals
to two data lines respectively connected to two neighboring
(neighboring in a vertical direction in which the data line or
the reference line advances) sub-pixels emitting the same
color.

[0093] The first and second switches are controlled in
opposite phases with a period of one horizontal period, and
the third and fourth switches are controlled in opposite
phases in a period of two horizontal periods, so that the data
voltages can be provided to the sub-pixels adjacent in the
horizontal direction and the vertical direction through one
channel.

[0094] The gate driver 13, during display driving, gener-
ates first scan signals SCAN synchronized with the data
voltages based on the gate control signal GDC and sequen-
tially supplies the first scan signals SCAN to first gate lines
15A respectively connected to pixel lines Li, Li+1, Li+2,
Li+3, . . ., to select a pixel line to which the data voltages
are to be written. The pixel lines Li, Li+1, Li+2, Li+3, . ..
mean a set of horizontally neighboring pixels P. The gate
pulse swings between a gate high voltage VGH and a gate
low voltage VGL. The gate high voltage VGH is set to a
voltage higher than a threshold voltage of a TFT to turn the
TFT on, and the gate low voltage VGL is lower than the
threshold voltage of the TFT.

[0095] For the internal compensation during the display
driving, the gate driver 13 generates second scan signals
SEN based on the gate control signal GDC and sequentially
supplies the second scan signals SEN to second gate lines
15B respectively connected to the pixel lines Li, Li+1, Li+2,
Li+3,. .., to select a pixel line to which a reference voltage
is to be written.

[0096] Since the first gate line 15A and the second gate
line 15B are shared by the pixels of two neighboring pixel
lines, the first scan signal SCAN and the second scan signal
SEN have the pulse width corresponding to 2 horizontal
period 2H.

[0097] During the sensing driving for external compensa-
tion, the gate driver 13 generates the scan signals for sensing
based on the gate control signal GDC and sequentially
supplies the scan signals to the first gate lines 15A respec-
tively connected to the pixel lines Li, Li+1, Li+2, Li+3, . .
.. The scan signal for sensing may have an on-pulse interval
wider than a scan signal for display. One or more on-pulse
sections of the scan signal for sensing may be included
within one line sensing on-time. Here, the one line sensing
on-time means a scan time taken to simultaneously sense the
pixels P of one pixel line.

[0098] FIG. 9 shows an equivalent circuit of two sub-
pixels in neighboring lines which share a first gate line for
controlling data supply and a second gate line for controlling
reference voltage supply and receive data voltages through
separate data lines, according to an aspect of the present
disclosure, FIG. 10 shows the data line structure in which
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data lines of two neighboring sub-pixels of different colors
share one channel and data voltages are supplied to two
sub-pixels of neighboring lines through separate data lines,
data voltages and the circuit for driving the data lines,
according to an aspect of the present disclosure, and FIG. 11
shows the timings of the driving signals for driving the
circuits of FIGS. 9 and 10 according to an aspect of the
present disclosure.

[0099] In FIG. 9, each sub-pixel includes an OLED, a
driving TFT DT, a storage capacitor Cst, a first switch TFT
ST1, and a second switch TFT ST2. The sub-pixels of the
k-th line and the (k+1)-th line which are adjacent to each
other in a direction in which data lines advance (vertical
direction) emit the same color, share the same channel but
are supplied with data voltages in different horizontal peri-
ods through different data lines 14A_1 and 14A_2, are
supplied with the reference voltage through the same refer-
ence line 14B, supply the sensing voltage of the source
electrode N2 of the driving TFT DT to the data driver 12,
and share the same first gate line and second gate lines
15A_k/k+1 and 15B_l/k+1.

[0100] In FIG. 9, a data line 14A providing data voltages
of a same color is branched into two data lines 14A_1 and
14A_2 to be connected to a sub-pixel of the k-th line and a
sub-pixel of the (k+1)-th line. And the connection of the two
branched data lines and the two sub-pixels are respectively
controlled through the third and fourth demux switches DS3
and DS4.

[0101] The third and fourth demux switches DS3 and DS4
are controlled by the third and fourth control signals
DMUX2_1 and DMUX2_2 to operate at intervals of two
horizontal periods. The third and fourth control signals
DMUX2_1 and DMUX2_2 maintain off-level during one
horizontal period and operate in opposite phases with each
other.

[0102] In FIG. 10, each of the channels CH1, CH2, etc.
supplies data voltages to two neighboring sub-pixels emit-
ting different colors, and supplies data voltages to two
neighboring sub-pixels emitting the same color through
different data lines branched.

[0103] The channel 1 CH1 branches to two data lines
14A1 and 14A2 to supply data voltages to the red sub-pixel
R and the green sub-pixel G. The supply of the data voltages
to the data lines 14A1 and 14A2 is controlled by the first and
second control signals DMUX1_1 and DMUX1_2 via the
first and second demux switches DS1 and DS2, respectively.
The data line 14A1 for the red sub-pixel R again branches
to two data lines 14A1_1 and 14A1_2 to be connected to two
sub-pixels R(k) and R(k+1) of neighboring lines. The supply
of the data voltages to the data lines 14A1_1 and 14A1_2 is
controlled by the third and fourth control signals DMUX2_1
and DMUX2 2 via the third and fourth demux switches DS3
and DS4, respectively. Likewise, the data line 14A2 for the
green sub-pixel G again branches to two data lines 14A2_1
and 14A2_2 to be connected to two sub-pixels G(k) and
G(k+1) of neighboring lines. The supply of the data voltages
to the data lines 14A2_1 and 14A2_2 is controlled by the
third and fourth control signals DMUX2_1 and DMUX2_2
via the third and fourth demux switches DS3 and DS4,
respectively.

[0104] As shown in FIG. 10, with respect to one channel,
six demuxes (including first and second demux switches
DS1 and DS2 and two sets of third and fourth demux
switches DS3 and DS4) are used to select one of two
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sub-pixels of different colors to be supplied with a data
voltage and to select one of two sub-pixels of different lines
to be supplied with a data voltage. The first and second
demux switches DS1 and DS2 and two sets of third and
fourth demux switches DS3 and DS4 constitute a demux
switching unit 121 and are disposed in the data driver 12.

[0105] In FIG. 10, four sub-pixels R(k), G(k), B(k) and
R(k) of the same line are connected to the same reference
line 14B to be supplied with a reference voltage Vref, which
is just for an example. Two or three sub-pixels of the same
line may be connected to the same reference line 14B.

[0106] The operations of the sub-pixels of two neighbor-
ing lines k/(k+1) during two horizontal periods 2H will be
described with reference to FIG. 11.

[0107] The channel 1 CHI sequentially outputs data volt-
ages R and G for red and green sub-pixels in each horizontal
period 1H, and outputs the R data voltage in a first period T1
and outputs the G data voltage in a second period T2. The
channel 2 CH2 sequentially outputs data voltages B and R
for blue and red sub-pixels in each horizontal period 1H, and
outputs the B data voltage in the first period T1 and outputs
the R data voltage in the second period T2.

[0108] The channel 1 CHI outputs data voltages R(k) and
G(k) for k-th sub-pixels in a first horizontal period, and
outputs data voltages R(k+1) and G(k+1) for (k+1)-th sub-
pixels in a second horizontal period

[0109] The first control signal DMUX1_1 becomes on
level in a first period T1 of each horizontal period 1H and
becomes off level in a second period T2, and the second
control signal DMUX1_2 becomes off level in the first
period T1 of each horizontal period 1H and becomes on
level in the second period T2, which allows each channel to
select a sub-pixel to which a data voltage is to be applied
among two neighboring sub-pixels emitting different colors.

[0110] The third control signal DMUX2_1 becomes on
level in a first horizontal period of two horizontal periods 2H
and becomes off level in a second horizontal period of the
two horizontal period 2H, and the fourth control signal
DMUX2_2 becomes off level in the first horizontal period of
the two horizontal period 2H and becomes on level in the
second horizontal period of the two horizontal period 2H,
which allows the sub-pixels of k-th line to be supplied with
data voltages in the first horizontal period and allows the
sub-pixels of (k+1) line to be supplied with data voltages in
the second horizontal period.

[0111] The first gate line 15A is commonly connected to
sub-pixels of k-th line and sub-pixels of (k+1)-th line, and
the second gate line 15B is commonly connected to the
sub-pixels of the k-th line and the sub-pixels of the (k+1)-th
line. The first and second gate lines 15A and 15B are
supplied with first and second scan signals SCAN(k/k+1)
and SEN(k/k+1) having a pulse width corresponding to two
horizontal periods 2H.

[0112] The first scan signal SCAN(k/k+1) becomes on
level in synchronization with the start of a first horizontal
period and maintains the on level during the first horizontal
period, so sub-pixels of k-th line are supplied with data
voltages (R(k) and G(k) for channel 1). The first scan signal
SCAN(k/k+1) maintains the on level until just before the
completion of a second horizontal period, so sub-pixels of
(k+1)-th line are supplied with data voltages R(k+1) and
G(k+1), then the first scan signal SCAN(k/k+1) changes to
off level.
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[0113] The second scan signal SEN(k/k+1) becomes the
on level in synchronization with the start of the first hori-
zontal period and maintains the on level during the first
horizontal period, so sub-pixels of k-th line are supplied with
a reference voltage. The second scan signal SEN(k/k+1)
maintains the on level in the front part of the second
horizontal period, and after sub-pixels of (k+1)-th line are
supplied with the reference voltage, the second scan signal
SEN(k/k+1) first changes to the off level before the first scan
signal SCAN(k/k+1) changes to the off level.

[0114] The period in which both the first scan signal
SCAN(k/k+1) and the second scan signal SEN(k/k+1) main-
tain the on level corresponds to the initialization period T1
in FIG. 3, during which the data voltage MVdata is applied
to the gate electrode N1 of the driving TFT DT and the
reference voltage Vref is applied to the source electrode N2
of the driving TFT DT.

[0115] The period in which the first scan signal SCAN(k/
k+1) is the on level and the second scan signal SEN(k/k+1)
is off level corresponds to the sensing section Ts in FIG. 3,
during which the current corresponding to the gate-source
voltage Vgs, which is set in the initialization period Ti,
flows, the source voltage Vs of the driving TFT DT is raised
toward the data voltage MVdata applied to the gate electrode
of the driving TFT DT and the gate-source voltage Vgs of
the driving TFT DT is programmed to meet the desired
grayscale level, so the mobility of the driving TFTs DT
included in the k-th sub-pixel and the (k+1)-th sub-pixel is
compensated for.

[0116] The period in which the first scan signal SCAN(k/
k+1) and the second scan signal SEN(k/k+1) are both the off
level corresponds to the light emission period Te in FIG. 3,
during which the gate voltage Vg and the source voltage Vs
of the driving TFT DT are raised to a voltage level higher
than the threshold voltage of the OLED and then maintain
the voltage while the gate-source voltage Vgs of the driving
TFT DT programmed in the sensing period Ts is maintained,
so the driving current corresponding to the programmed
gate-source voltage Vgs of the driving TFT DT flows
through the OLED, and as a result, the OLED emits light and
implements a desired grayscale.

[0117] FIGS. 12A to 12D show driving signals for driving
the circuits of FIGS. 9 and 10, and signals of the gate
electrode and the source electrode of the driving TFT.
[0118] The red sub-pixel of the k-th line R(k) in FIG. 12A
is supplied with a data voltage and a reference voltage, at the
beginning of the first period T1 of the first horizontal period,
according to the first scan signal SCAN(k/k+1) and the
second scan signal SEN(k/k+1) both of which are on level,
so is initialized. The red sub-pixel of the k-th line R(k)
maintains the initialization period until the second scan
signal SEN(k/k+1) becomes off level at the rear part of the
second period T2 of the second horizontal period. When the
first scan signal SCAN(k/k+1) is the on level and the second
scan signal SEN(k/k+1) is the off level at the rear part of the
second period T2 of the second horizontal period, the
mobility of the driving TFT DT is compensated for. When
the first scan signal SCAN(k/k+1) and the second scan
signal SEN(k/k+1) are both the off level at the end part of the
second period T2 of the second horizontal period, the OLED
emits light with a driving current whose threshold voltage is
compensated.

[0119] The green sub-pixel of the k-th line G(k) in FIG.
12B is supplied with a data voltage and the reference
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voltage, at the beginning of the second period T2 of the first
horizontal period, according to the first scan signal SCAN
(k/k+1) and the second scan signal SEN(k/k+1) both of
which are the on level, 5o is initialized. The operations in the
sensing period and the light emission period are the same as
those for the red sub-pixel of the k-th line.

[0120] The red sub-pixel of the (k+1)-th line R(k+1) in
FIG. 12C is supplied with a data voltage and the reference
voltage, at the beginning of the first period T1 of the second
horizontal period, according to the first scan signal SCAN
(k/k+1) and the second scan signal SEN(k/k+1) both of
which are on level, so is initialized. The operations in the
sensing period and the light emission period are the same as
those for the red sub-pixel of the k-th line.

[0121] The green sub-pixel of the (k+1)-th line G(k+1) in
FIG. 12D is supplied with a data voltage and the reference
voltage, at the beginning of the second period T2 of the
second horizontal period, according to the first scan signal
SCAN(k/K+1) and the second scan signal SEN(k/k+1) both
of which are the on level, so is initialized. The operations in
the sensing period and the light emission period are the same
as those for the red sub-pixel of the k-th line.

[0122] As described above, the hybrid compensation that
performs external compensation and internal compensation
is realized while the sub-pixels of two neighboring lines
share the first gate line for controlling the supply of the data
voltage and the second gate line for controlling the supply of
the reference voltage, so the number of gate lines can be
reduced and the bezel can be reduced.

[0123] Furthermore, two adjacent sub-pixels emitting dif-
ferent colors share one channel, thereby reducing the num-
ber of output channels included in the source drive IC,
thereby reducing the bezel size.

[0124] Meanwhile, the present disclosure can be applied
to a case where each channel applies data voltages to only
one sub-pixel instead of applying data voltages to two
neighboring sub-pixels emitting light of different colors, in
which case the first and second demux switches DS1 and
DS2 may be omitted. However, even in this case, by
implementing the hybrid compensation while the sub-pixels
of two neighboring lines emitting a same color are supplied
with data voltages through the different data lines and
sharing same first and second gate lines, the number of gate
lines can be reduced to 24, and the bezel size can be reduced
when the gate driver is implemented by a GIP circuit.
[0125] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Therefore, the technical scope of the
present disclosure should not be limited to the contents
described in the detailed description of the specification, but
should be defined by the claims.

What is claimed is:

1. An organic light emitting display device, comprising:

a display panel including a plurality of sub-pixels each of
which includes an organic light emitting diode
(OLED), a driving TFT controlling a driving current
flowing through the OLED, a first switch TFT applying
a data voltage to a gate electrode of the driving TFT, a
second switch TFT applying a reference voltage to a
source electrode of the driving TFT, and a storage
capacitor connected between the gate electrode and the
source electrode;
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a data driving unit configured to output the data voltage to
a data line connected to the sub-pixels, and output the
reference voltage to a reference line connected to the
sub-pixels; and

a gate driving unit configured to output signals to a first
gate line connected to the gate electrode of the first
switch TFT and a second gate line connected to the gate
electrode of the second switch TFT,

wherein two adjacent sub-pixels emitting a same color are
supplied with the data voltage through different data
lines and share the first gate line and the second gate
line.

2. The organic light emitting display device of claim 1,
wherein the two adjacent sub-pixels emitting different colors
are supplied with the data voltage though a same channel.

3. The organic light emitting display device of claim 2,
wherein the data driving unit comprises a demux switching
unit including first, second, third and fourth demux switches,
wherein the first and second demux switches select one of
the two adjacent sub-pixels emitting different colors and the
third and fourth dumux switches select one of the two
adjacent sub-pixels emitting the same color when the data
driving unit applies the data voltages output from the
channel to the data lines.

4. The organic light emitting display device of claim 3,
wherein the first and second demux switches are controlled
by signals having a duty ratio of 50% and a period of one
horizontal period and in opposite phases to each other, and
the third and fourth demux switches are controlled by
signals having a duty ratio of 50% and a period of two
horizontal periods and in opposite phases to each other.

5. The organic light emitting display device of claim 1,
wherein a first scan signal applied to the first gate line
maintains on-level and a second scan signal applied to the
second gate line maintains off-level during a sensing period,
during which a source voltage of the driving TFT rises
toward a data voltage applied to the gate electrode of the
driving TFT, and the first and second scan signals maintain
off-level during an emission period, during which the OLED
emits light according to a driving current programmed in the
sensing period in order to compensate for a change of
mobility of the driving TFT.

6. The organic light emitting display device of claim 5,
wherein the first and second scan signals become the on-
level in synchronization with a start of a first horizontal
period, the first scan signal becomes the off-level before a
second horizontal period ends, and the second scan signal
becomes the off-level before the first scan signal changes to
the off-level.

7. The organic light emitting display device of claim 1,
wherein the data driving unit comprises:

an initializing switch supplying the reference voltage to
the reference line;

a switch sampling a voltage of the source electrode as a
sensing voltage when a predetermined voltage is
applied to the gate electrode for an external compen-
sation and a current flows through the driving TFT,;

an analog-to-digital converter converting the sampled
sensing voltage into a digital sensing value; and

a digital-to-analog converter converting digital data to be
supplied to the sub-pixel into the data voltage.

8. The organic light emitting display device of claim 7,

wherein the data to be supplied to the sub-pixel is modulated
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based on the digital sensing value in order to compensate for
a change of a threshold voltage of the driving TFT.

9. The organic light emitting display device of claim 8,
wherein the change of the threshold voltage of the driving
TFT is detected in a non-display section immediately from
when a driving power is applied to when an image is
displayed or a non-display section immediately from when
the image display ends to when the driving power is cut off,
and the compensation of the change of the threshold voltage
of the driving TFT and the change of the mobility of the
driving TFT are performed during an image display section.

10. An organic light emitting display device comprising a
display panel including a plurality of pixels, each pixel
including sub-pixels each having an organic light emitting
diode (OLED), a driving TFT controlling a driving current
flowing through the OLED, a first switch TFT applying a
data voltage to a gate electrode of the driving TFT, a second
switch TFT applying a reference voltage to a source elec-
trode of the driving TFT, and a storage capacitor connected
between the gate electrode and the source electrode of the
driving TFT, comprising:

a data driving unit outputting the data voltage to a data
line connected to the sub-pixels, and outputting the
reference voltage to a reference line connected to the
sub-pixels; and

a gate driving unit outputting signals to a first gate line
connected to the gate electrode of the first switch TFT
and a second gate line connected to the gate electrode
of the second switch TFT;

a timing controller temporally separating a sensing driv-
ing from a display driving, wherein the sensing driving
senses driving characteristics of the sub-pixels and
updating compensation values according to the sensed
characteristics and the display driving displays the
input image reflecting the compensation values accord-
ing to a predetermined control sequence,

wherein the first gate line controls supply of the data
voltage and the second gate line controls the reference
voltage, and two adjacent sub-pixels emitting a same
color are supplied with the data voltage through dif-
ferent data lines and share the first and second gate lines
to compensate for a driving characteristic of the driving
TFT of the sub-pixels.

11. The organic light emitting display device of claim 10,
wherein the sensing driving is performed during vertical
blank periods while the display driving is performed, or
during a power-on sequence period before the display driv-
ing is started, or during a power-off sequence period after the
display driving is finished.

12. The organic light emitting display device of claim 11,
wherein the vertical blank period is a period in which input
image data is not written, and is arranged between two
vertical active periods in each of which input image data for
one frame is written.
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13. The organic light emitting display device of claim 11,
wherein the sensing driving is performed when the display
device is in a standby mode, a sleep mode, or a low power
mode,

14. The organic light emitting display device of claim 10,
wherein the plurality of pixels include an internal compen-
sation circuit.

15. The organic light emitting display device of claim 10,
wherein the internal compensation circuit includes one or
more switch TFTs and one or more capacitors to initialize
the gate of the driving TFT and senses the threshold voltage
and mobility of the driving TFT to compensate the data
voltage.

16. The organic light emitting display device of claim 10,
wherein the two adjacent sub-pixels emitting different colors
are supplied with the data voltages though a same channel.

17. The organic light emitting display device of claim 16,
wherein the data driving unit comprises a demux switching
unit including first, second, third and fourth demux switches,
wherein the first and second demux switches select one of
the two adjacent sub-pixels emitting different colors and the
third and fourth dumux switches select one of the two
adjacent sub-pixels emitting the same color when the data
driving unit applies the data voltages output from the
channel to the data lines.

18. The organic light emitting display device of claim 17,
wherein the first and second demux switches are controlled
by signals having a duty ratio of 50% and a period of one
horizontal period and in opposite phases to each other, and
the third and fourth demux switches are controlled by
signals having a duty ratio of 50% and a period of two
horizontal periods and in opposite phases to each other.

19. The organic light emitting display device of claim 10,
wherein a first scan signal applied to the first gate line
maintains on-level and a second scan signal applied to the
second gate line maintains off-level during a sensing period,
during which a source voltage of the driving TFT rises
toward a data voltage applied to the gate electrode of the
driving TFT, and the first and second scan signals maintain
off-level during an emission period, during which the OLED
emits light according to a driving current programmed in the
sensing period in order to compensate for a change of
mobility of the driving TFT.

20. The organic light emitting display device of claim 19,
wherein the first and second scan signals become the on-
level in synchronization with a start of a first horizontal
period, the first scan signal becomes the off-level before a
second horizontal period ends, and the second scan signal
becomes the off-level before the first scan signal changes to
the off-level.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

BEG®)

BNEAXREREE
US20180083078A1 AFF(AE)A
US15/697024 BiE A
REERERATHE

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

PARK HYEMIN
SHIN HUNKI
KIM DONGIK
LEE JINWOO

PARK, HYEMIN
SHIN, HUNKI
KIM, DONGIK
LEE, JINWOO

HO1L27/32 HO1L51/10 HO1L29/423

patsnap

2018-03-22

2017-09-06

HO01L27/3248 HO1L27/3262 HO1L27/3211 HO1L29/42312 HO1L51/102 G09G3/3233 G09G3/3266
G09G2300/0819 G09G2310/0205 G09G2310/0297 G09G2320/0295

1020160121665 2016-09-22 KR

US10541286

Espacenet USPTO

RERSR-—MBEHNEAERRE , HBEZINFRE 8/ TRRE |
$ZOLED , WHTFT , AT R TFTHH BRI E B EAISE —

TFT , BE=TFTRATHSEZLERMBIWBHTFTIIRER , UREEBR
& AT EeEREABBELNBERNSZNATESEEERE

FsZLHMNE LT, ATHESREEaE — ML IEERE— |
TETHOMR | 2 —HHRGE RIS —TFTHOMR | R R SHEMEnm |

R

Timing controller |

*********************************

MBS FEEBITENBELEABEREFALZE —MRENEZ

AR 4% o

SCAN

e A |

*****************

SEN



https://share-analytics.zhihuiya.com/view/1c7bed4f-b272-4e5c-8c1e-e1dca7b00d86
https://worldwide.espacenet.com/patent/search/family/059930262/publication/US2018083078A1?q=US2018083078A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180083078%22.PGNR.&OS=DN/20180083078&RS=DN/20180083078

