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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE FOR SENSING PIXEL
CURRENT AND PIXEL CURRENT SENSING
METHOD THEREOF

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0078520, filed on Jul. 19, 2012,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode display device, and more particularly, to an
organic light emitting diode display device capable of sensing
driving current of each pixel with a simple configuration to
compensate for a luminance deviation between pixels and a
pixel current sensing method thereof.

[0004] 2. Discussion of the Related Art

[0005] An organic light emitting diode (OLED) display
device is a self-emission element that makes an organic emis-
sion layer emit light according to recombination of electrons
and holes. The OLED display device is expected to be a
next-generation display device since it is ultra-thin and has
high brightness and low driving voltage.

[0006] Each pixel constituting the OLED display device
includes an OLED composed of an anode, a cathode and an
organic emission layer interposed between the anode and the
cathode, and a pixel driving circuit that independently drive
the OLED. The pixel driving circuit includes a switching thin
film transistor (TFT), a capacitor and a driving TFT. The
switching TFT charges the capacitor with a voltage corre-
sponding to a data signal in response to a scan pulse. The
driving TFT controls emission of the OLED by adjusting
current supplied to the OLED according to the level of voltage
charged in the capacitor. The emission of the OLED is pro-
portional to current supplied from the driving TFT.

[0007] However, in the OLED display device, pixels may
have different driving TFT threshold voltages Vth and mobil-
ity due to process variation, causing OLED driving current to
be different for respective OLEDs, generating a deviation in
characteristics of driving TFTs of the pixels. In general, an
initial driving TFT characteristic difference generates
unevenness or a pattern on a screen and a characteristic dif-
ference due to deterioration of driving TFTs, which occurs
when the driving TFTs drive OLEDs, reduces the lifespan of
an AMOLED display panel or generates a residual image.
[0008] To solve these problems, a prior art patent such as
U.S. Pat. No. 7,834,825 discloses a method of sensing current
of each pixel and compensating for input data according to the
sensing result. However, since this technique uses a method
of sensing current flowing to a power line (VDD or VSS line)
of the panel while turning pixels on, current sensing time
increases due to a parasitic capacitor located in parallel with
the power line, making high-speed sensing difficult when
resolution increases.

[0009] Furthermore, although a plurality of current sensing
circuits may simultaneously sense currents of a plurality of
pixels, this increases circuit scale. Therefore, while the con-
ventional technology can compensate for an initial character-
istic deviation among driving TFTs by measuring the initial
characteristic deviation during a test process performed
before products are shipped, the conventional technology has
difficulty in sensing and compensating for characteristic
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deviation due to deterioration of the driving TFTs, which
occurs when OLEDs have been driven after products are
shipped.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide an
OLED display device for sensing pixel current which is
capable of rapidly sensing current of each pixel to compen-
sate for a luminance deviation among pixels and a pixel
current sensing method thereof.

[0011] An object of the present invention is to provide an
OLED display device for sensing pixel current, which is
capable of reducing the scale of a pixel current sensing circuit
included therein, and a pixel current sensing method thereof.
[0012] According to an aspect of the present invention,
there is provided an organic light emitting diode (OLED)
display device, including: a display panel including 2N (N
being a natural number) pixels that share a reference line
though which a reference signal is supplied and are respec-
tively connected to 2N data lines through which data signals
are applied; and a data driver for driving the 2N pixels sharing
the reference line in a time division manner through the data
lines, sensing currents of the time-division-driven 2N pixels
as voltages through the shared reference line and outputting
the sensed currents, in a sensing mode.

[0013] The data driver may divide a sensing period for the
2N pixels sharing the reference line into 2N time-division
sensing periods and, in each of the 2N time-division sensing
periods, the data driver may select a pixel to be sensed from
the 2N pixels through a data line corresponding to the pixel to
be sensed and de-select the other pixel through a data line
corresponding to the other pixel.

[0014] Ineach time-division sensing period, the data driver
may select the pixel to be sensed by supplying a data voltage
for sensing to the data line corresponding to the pixel to be
sensed to drive the pixel, and de-select the other pixel by
supplying a black data voltage or an off voltage to the data line
corresponding to the other pixel to prevent the other pixel
from being driven.

[0015] Each of the 2N pixels may include a light-emitting
element, a driving thin film transistor (TFT) for driving the
light-emitting element, a first switching TFT for supplying a
data signal of the corresponding data line to a first node
connected to a gate electrode of the driving TFT in response
to a scan signal of a scan line, a second switching TFT for
supplying a reference signal of the reference line to a second
node connected between the driving TFT and the light-emit-
ting element in response to a different scan signal of a differ-
ent scan line, and a storage capacitor for charging a voltage
between the first and second nodes and providing the charged
voltage as a driving voltage of the driving TFT, wherein each
of the time-division sensing periods includes an initialization
period in which the first and second switching TFTs of each
pixel are turned on such that the first and second nodes are
respectively initialized to the data signal from the correspond-
ing data line and the reference signal of the reference line, a
precharge period in which only the second switching TFT is
turned off and the reference line is precharged with a pre-
charge voltage, a discharge period in which the first and
second switching TFTs are turned on such that pixel current
of the driving TFT flows to the reference line, and a sampling
period in which the first and second switching TFTs are
turned off and the pixel current of the driving TFT is sampled
with a saturated voltage of the reference line and held.
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[0016] The 2N pixels that share the reference line may
include two pixels that are located on both sides of the shared
reference line between two neighboring data lines and respec-
tively connected to the two data lines.

[0017] The reference line may be branched to N branch
reference lines, and every two pixels from among the 2N
pixels that share the reference line may share the N branch
reference lines, the two pixels being located on both sides of
the shared branch reference lines between two neighboring
data lines and respectively connected to the two data lines.
[0018] Thefirst switching TFTs of the two pixels may share
a first scan line through which a first scan signal is supplied
and the second switching TFTs of the two pixels may share a
second scan line through which a second scan signal is sup-
plied.

[0019] Thefirst switching TFTs of the two pixels may share
a first scan line through which a first scan signal is supplied,
the second switching TFT of one of the two pixels may be
connected to a second scan line through which a second scan
signal is supplied, and the second switching TFT of the other
of the two pixels may b connected to a third scan line through
which a third scan signal is supplied, wherein the second scan
signal and the third scan signal respectively provide voltages
having opposite polarities only during the discharge period to
form a current path between the driving TFT of a pixel to be
sensed and the shared reference line and to open a current path
between the driving TFT of the other pixel and the shared
reference line.

[0020] The data driver may include: a first digital-to-analog
converter (DAC) for converting input data into the data signal
and outputting the data signal to a data channel individually
connected to the data line; a second DAC for converting input
reference data into the reference signal and outputting the
reference signal to a reference channel individually con-
nected to the reference line; a sample and hold unit for sam-
pling the voltage of the reference line through the reference
channel, holding the sampled voltage as a sensing voltage and
outputting the held sensing voltage; an analog-to-digital con-
verter (ADC) for converting the sensing voltage from the
sample and hold unit into digital data and outputting the
digital data; a first switch through which output of the first
DAC is supplied to the data channel during the initialization
period to the discharge period; a second switch through which
output of the second DAC is supplied to the reference channel
during the initialization period and the discharge period; and
athird switch through which the precharge voltage is supplied
to the reference channel, wherein the first, second and third
switches are turned off during the sampling period.

[0021] The data driver may further include a multiplexer
connected between the reference channel and the sample and
hold unit to selectively connect at least two reference chan-
nels to an input channel of the sample and hold unit, and the
number of sample and hold units and the number of ADCs
correspond to the number of output channels of the multi-
plexer.

[0022] The number of reference lines may correspond to
half the number of data lines, and the number of reference
channels respectively connected to the reference lines in the
data driver may correspond to half the number of data lines.
[0023] The number of branch reference lines may corre-
spond to half the number of data lines, and the number of
reference channels respectively connected to the reference
lines in the data driver may correspond to half the number of
data lines.
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[0024] According to another embodiment of the present
invention, there is provided a method of sensing pixel current
of an OLED display device which includes 2N (N being a
natural number) pixels that share a reference line though
which a reference signal is supplied and are respectively
connected to 2N data lines through which data signals are
applied, the method including: driving the 2N pixels sharing
the reference line in a time division manner through the data
lines in a sensing mode; and sensing currents of the time-
division-driven 2N pixels as voltages through the shared ref-
erence line and outputting the sensed currents.

[0025] The driving of the 2N pixels in a time division man-
ner may include dividing a sensing period for the 2N pixels
into 2N time-division sensing periods, selecting a pixel to be
sensed from the 2N pixels through a data line corresponding
to the pixel and de-selecting the other pixel through a data line
corresponding to the other pixel in each of the 2N time-
division sensing periods.

[0026] Each of the time division sensing periods may
include: an initialization period in which the first and second
switching TFTs of each pixel are turned on such that the first
and second nodes are respectively initialized to the data signal
from the corresponding data line and the reference signal of
the reference line; a precharge period in which only the sec-
ond switching TFT is turned off and the reference lines is
precharged with a precharge voltage; a discharge period in
which the first and second switching TFTs are turned on such
that pixel current of the driving TFT flows to the reference
line; and a sampling period in which the first and second
switching TFTs are turned off and the pixel current of the
driving TFT is sampled with a saturated voltage of the refer-
ence line and held.

[0027] The 2N pixels that share the reference line may
include two pixels that are located on both sides of the shared
reference line between two neighboring data lines and respec-
tively connected to the two data lines, the first switching TFTs
of the two pixels may be turned on in response to a first scan
signal during the initialization period to the discharge period
and turned off during the sampling period, the second switch-
ing TFTs of the two pixels may b turned on in response to a
second scan signal during the initialization period and the
discharge period and turned off during the precharge period
and the sampling period.

[0028] The first switching TFTs of the two pixels may be
turned on in response to a first scan signal during the initial-
ization period to the discharge period and turned off during
the sampling period, and the second switching TFTs of the
two pixels may be turned on in response to second and third
scan signals, respectively, during the initialization period and
turned off during the precharge period and the sampling
period, wherein the second switching TFT of a pixel to be
sensed from the two pixels is turned on and the second TFT of
the other pixel is turned off during the discharge period.
[0029] The reference line may be branched to N branch
reference lines, and every two pixels from among the 2N
pixels that share the reference line may share the N branch
reference lines, the two pixels being located on both sides of
the shared branch reference lines between two neighboring
data lines and respectively connected to the two data lines, the
first switching TFTs of the two pixels being turned on in
response to a first scan signal during the initialization period
to the discharge period and turned off during the sampling
period, the second switching TFTs of the two pixels being
turned on in response to a second scan signal during the
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initialization period and the discharge period and turned off
during the precharge period and the sampling period.

[0030] Each of the time division sensing periods may
include: outputting the data signal through a data channel
individually connected to the data line and outputting the
reference signal to a reference channel individually con-
nected to the reference line during the initialization period;
maintaining output of the data signal through the data channel
and outputting a precharge voltage through the reference
channel during the precharge period; outputting the data sig-
nal through the data channel and outputting the reference
signal through the reference channel during the discharge
period; blocking output of the data signal and reference sig-
nal, sampling and holding currents of the time-division-
driven pixels through the reference channel as voltages dur-
ing the sampling period; converting the held voltage into
digital data and outputting the digital data after the sampling
period.

[0031] At least two reference channels may be selectively
connected to an input channel of the sample and hold unit
through a multiplexer.

[0032] As described above, according to the OLED display
device for sensing pixel current and the pixel current sensing
method thereof according to the present invention, at least
two pixels adjacent to each other in the horizontal direction
share a reference line, and at least two pixels sharing each
reference line are time-division-driven to sense characteris-
tics of the at least two pixels through the reference line and
reference channel shared by the pixels, and thus the number of
reference lines and the number of reference channels can be
reduced to lower than half the number of data lines. A reduc-
tion in the number of reference lines can increase a pixel
aperture ratio, compared to a conventional OLED display
device in which pixels do not share a reference line. In addi-
tion, a reduction in the number of reference channels can
decrease the size or number of data driver ICs, compared to
the conventional OLED display device in which pixels do not
share a reference line.

[0033] Furthermore, the OLED display device for sensing
pixel current and the pixel current sensing method thereof
according to the present invention can easily sense current of
each pixel at a high speed through a data driver. Accordingly,
the present invention can sense and compensate for not only
an initial characteristic deviation among driving TFTs but
also a characteristic deviation due to deterioration of the
driving TFTs by inserting a sensing mode between display
modes in which the OLED display device is driven and sens-
ing current of each pixel after shipment of products as well as
during a test process before shipment of products. Accord-
ingly, the lifespan and picture quality of the OLED display
device can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG.1is anequivalent circuit diagram of two typical
pixels of an OLED display device for sensing pixel current
according to a first embodiment of the present invention.
[0035] FIG. 2 shows driving waveforms of the pixels shown
in FIG. 1 in a display mode.

[0036] FIGS. 3A and 3B show driving waveforms of the
pixels shown in FIG. 1 in a sensing mode.

[0037] FIG. 4 is a block diagram of an OLED display
device for sensing pixel current, which includes the pixel
structure shown in FIG. 1, according to the first embodiment
of the present invention.
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[0038] FIG. 5 is an equivalent circuit diagram of four typi-
cal pixels of an OLED display device for sensing pixel current
according to a second embodiment of the present invention.
[0039] FIG. 6 shows driving waveforms of the pixels shown
in FIG. 5 in a display mode.

[0040] FIGS. 7A and 7D show driving waveforms of the
pixels shown in FIG. 5 in a sensing mode.

[0041] FIG. 8 is a block diagram of an OLED display
device for sensing pixel current, which includes the pixel
structure shown in FIG. 5, according to the second embodi-
ment of the present invention.

[0042] FIG.9is anequivalent circuit diagram of two typical
pixels of an OLED display device for sensing pixel current
according to a third embodiment of the present invention.
[0043] FIG. 10 shows driving waveforms of the pixels
shown in FIG. 9 in a display mode.

[0044] FIGS.11A and 11B show driving waveforms of the
pixels shown in FIG. 9 in a sensing mode.

[0045] FIG. 12 is an equivalent circuit diagram illustrating
an internal configuration of a data driver shown in FIG. 4
according to the first embodiment of the present invention.
[0046] FIG. 13 is an equivalent circuit diagram illustrating
an internal configuration of a data driver shown in FIG. 8
according to the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Preferred embodiments of the present invention will
be described in detail with reference to the attached drawings.
[0048] FIG.1is an equivalent circuit diagram of two typical
pixels of an OLED display device for sensing pixel current
according to a first embodiment of the present invention.
[0049] The OLED display device shown in FIG. 1 includes
first and second pixels P1 and P2 respectively connected to
two neighboring data lines DLn and DLn+1 (n being a natural
number), a reference line RLm (m being a natural number)
shared by the first and second pixels P1 and P2 between the
data lines DLn and DLn+1, and first and second scan lines
SLk1 and SLk2 (k being a natural number) that intersect the
datalines DLn and DLu+1 and the reference line RLm and are
shared by the first and second pixels P1 and P2.

[0050] Thefirstand second pixels P1 and P2 arranged inthe
horizontal direction respectively represent first and second
pixel strings that share the reference line RLm. The first and
second pixels P1 and P2 are respectively connected to the two
data lines DLn and DLn+1 extended in the vertical direction.
The reference line RLm commonly connected to the first and
second pixels P1 and P2 is arranged in parallel with the two
data lines DLn and DLn+1 between the data lines DLn and
DLn+1. The first and second pixels P1 and P2 have bilaterally
symmetrical circuit structures having the reference line RLm
as the center between the data lines DLn and DLn+1. The first
and second pixels P1 and P2 share the first scan line SLk1 and
the second scan line SLK2 extended in the horizontal direc-
tion in parallel with each other.

[0051] The first and second pixels P1 and P2 respectively
include OLEDs and pixel circuits for independently driving
the OLED. Each of the pixel circuits includes first and second
switching TFTs ST1 and ST2, a driving TFT DT, and a
storage capacitor Cst.

[0052] Each pixel circuit is connected to the first and sec-
ond scan lines SLk1 and SLk2 that respectively control the
firstand second switching TFTs ST1and ST2, a data line DLn
or DLn+1 through which a data signal data[n] or data[n+1] is
supplied to the first switching TFT ST1, the reference line
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RLm through which a reference signal ref[m] is supplied to
the second switching TFT ST2 and characteristics of the
driving TFT DT are output from the second switching TFT
ST2, a first power line PL1 through which high level power
EL VDD is supplied to the driving TFT DT, and a second
power line PL2 through which a low level power EL VSS is
supplied to a cathode of an OLED.

[0053] Each pixel circuit is driven in a display mode for
displaying data through the OLED and a sensing mode for
sensing characteristics of the driving TFTs DT of the pixels
P1 and P2. The sensing mode may be performed during a test
process before shipment of products, or performed between
display modes as necessary.

[0054] Specifically, the OLED is serially connected to the
driving TFT DT between the first power line PL1 and the
second power line PL.2. The OLED includes an anode con-
nected to the driving TFT DT, a cathode connected to the
second power line PL2 and an emission layer formed between
the anode and the cathode. The emission layer includes an
electron injection layer, an electron transport layer, an organic
emission layer, a hole transport layer, and a hole injection
layer, which are sequentially laminated between the cathode
and the anode. When a positive bias is applied across the
anode and the cathode of the OLED, electrons from the cath-
ode are supplied to the organic emission layer through the
electron injection layer and the electron transport layer and
holes from the anode are supplied to the organic emission
layer through the hole injection layer and the hole transport
layer. Accordingly, the supplied electrons and holes are
recombined in the organic emission layer to emit fluorescent
or phosphor substances, to thereby generate light in propor-
tion to current.

[0055] The first switching TFT ST1 has a gate electrode
connected to the first scan line SLk1, a first electrode con-
nected to the data line DLn or DLn+1, and a second electrode
commonly connected to the gate electrode of the driving TFT
DT and the first electrode of the storage capacitor Cst. The
first electrode and the second electrode of the first switching
TFT ST1 become a source electrode and a drain electrode
according to a current direction. The first switching TFT ST1
supplies the data signal data[n] or data[n+1] of the data line
DLn or DLn+1 to a first node N1 in response to a first scan
signal SS1 ofthe first scan line SLk1 in the sensing mode and
the display mode.

[0056] The second switching TFT ST2 has a gate electrode
connected to the second scan line SLk2, a first electrode
connected to the reference line RLm, and a second electrode
connected to a second node N2 to which the first electrode of
the driving TFT DT, the second electrode of the storage
capacitor Cst and the anode of the OLED are commonly
connected. The first electrode and the second electrode of the
second switching TFT ST2 become a source electrode and a
drain electrode according to a current direction. The second
switching TFT ST2 supplies the reference signal ref{m] of the
reference line RLm to the second node N2 in response to a
second scan signal SS2 of the second scan line SLk2 in the
sensing mode and the display mode. The second switching
TFT ST2 is used as an output path between the driving TFT
DT and the reference line RLm in the sensing mode.

[0057] The storage capacitor Cst is connected between the
first node N1 and the second node N2 of the driving TFT DT.
The storage capacitor Cst charges a difference between volt-
ages of the data signal data[n] or data[n+1] and the reference
signal ref{m] respectively supplied to the first node N1 and
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the second node N2 and provides the charged voltage as a
driving voltage Vgs of the driving TFT DT in the sensing
mode and the display mode.

[0058] The driving TFT DT has the gate electrode con-
nected to the first node N1, the first electrode connected to the
second node N2, and the second electrode connected to the
high level power line PL1. The first electrode and the second
electrode of the driving TFT DT become a source electrode
and a drain electrode according to a current direction. The
driving TFT DT provides current in proportion to the driving
voltage Vgs supplied from the storage capacitor Cst to the
OLED through the second node N2 such that the OLED emits
light in the display mode. The driving TFT DT provides
current in proportion to the driving voltage Vgs supplied from
the storage capacitor Cst to the second node N2 in the sensing
mode. The current supplied to the second node N2 is output
through the second switching TFT ST2 and the reference line
RLm.

[0059] The first and second pixels P1 and P2 are driven in
the display mode and the sensing mode. The first and second
pixels P1 and P2 display luminances corresponding to the
data signals data[n] and data[n+1] supplied thereto through
the data lines DLn and DLn+1, respectively, in the display
mode. The first and second pixels P1 and P2 are driven in a
time division manner through the data lines DLn and DLn+1
to sequentially output pixel currents that respectively repre-
sent characteristics of the driving TFTs DT of the first and
second pixels P1 and P2 through the reference line RLm
shared by the first and second pixels P1 and P2 in the sensing
mode.

[0060] As described above, the first and second pixels P1
and P2 that represent pixel strings share the reference line
RLm in the OLED display device according to the first
embodiment of the present invention, and thus the number of
reference lines RLm in a pixel array area is reduced to half the
number of data lines, which corresponds to the number of
pixel strings. Accordingly, it is possible to increase aperture
ratios of the first and second pixels P1 and P2 compared to the
conventional OLED display device in which the number of
reference lines equals the number of data lines in the pixel
array area. Furthermore, since the number of reference chan-
nels of the data driver, which are respectively connected to the
reference lines RLm, is also reduced to half the number of
data lines, the size or number of data driver ICs can be
decreased.

[0061] FIG. 2 shows driving waveforms of the first and
second pixels P1 and P2 shown in FIG. 1 in the display mode.
[0062] Referring to FIG. 2, a gate on voltage is simulta-
neously supplied to the first and second scan lines SLk1 and
SLk2 through the first and second scan signals SS1 and SS2
from first and second scan drivers, respectively, in a corre-
sponding horizontal period 1H of the display mode. Data
voltages Vdata[n] and Vdata[n+1] are respectively supplied
to the data lines DLn and DLn+1 through the data signals
data[n] and data[n+1] from the data driver. A reference volt-
age Vref is supplied to the reference line RLm through the
reference signal ref[m] from the data driver. Accordingly, the
first and second switching TFTs ST1 and ST2 of the first and
second pixels P1 and P2 are turned on by the gate on voltage
of the first and scan signals SS1 and SS2, and the storage
capacitors Cst of the first and second pixels P1 and P2 respec-
tively charge differences between the data voltages Vdata[n]
and Vdata[n+1], respectively supplied to the firstnode N1 and
the second node N2 through the first and second switching
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TFTs ST1 and ST2, and the reference voltage Vref, that is,
driving voltages Vgs corresponding to the data voltages Vdata
[n] and Vdata[n+1]. Here, OLED driving current can be pre-
vented from varying due to line resistance of the power lines
PL1 and PL2 because the specific reference voltage Vref is
provided to the second node N2.

[0063] In the remaining horizontal period of the display
mode, the first and second switching TFTs ST1 and ST2 of
each of the first and second pixels P1 and P2 are simulta-
neously turned off by a gate off voltage of the first and second
scan signals SS1 and SS2, and the driving TFT DT supplies
current in proportion to the driving voltage Vgs charged in the
storage capacitor Cst to the OLED such that the OLED emits
light.

[0064] FIGS. 3A and 3B show driving waveforms the first
and second pixels P1 and P2 shown in FIG. 1 in the sensing
mode.

[0065] In the sensing mode, the first and second pixels P1
and P2 are respectively driven in a time division manner
through the data lines DLn and DLn+1 to sequentially sense
pixel currents, which represent characteristics of the driving
TFTs DT of the first and second pixels P1 and P2, as voltages
through the reference line RLm shared by the first and second
pixels P1 and P2. The sensing period for the first and second
pixels P1 and P2 is time-divided into a first sensing period for
sensing the pixel current of the first pixel P1, as shown in FIG.
3A, and a second sensing period for sensing the pixel current
of the second pixel P2, as shown in FIG. 3B.

[0066] Inthe first sensing period shown in FIG. 3A, the data
voltage Vdata[n] for sensing is supplied through the data
signal data[n] to the first pixel P1 via the data line DLn to drive
the driving TFT DT of the first pixel P1 and the pixel current
that represents characteristics of the driving TFT DT of the
first pixel P1 is sensed as a voltage through the reference line
RLm, whereas a black data voltage Vblack corresponding to
a minimum data voltage (OV) is provided through the data
signal data[n+1] to the second pixel P2 via the data line
DLn+1 to turn off the driving TFT DT of the second pixel P2
so as to prevent the driving TFT DT from operating. Here, an
off voltage capable of preventing the driving TFT DT from
operating can be supplied to the data line DLn+1, instead of
the black data voltage Vblack.

[0067] Inthe second sensing period shown in FIG. 3B, the
data voltage Vdata[n+1] for sensing is supplied through the
data signal data[n+1] to the second pixel P2 via the data line
DLn+1 to drive the driving TFT DT of the second pixel P2 and
the pixel current that represents characteristics of the driving
TFT DT of the second pixel P2 is sensed as a voltage through
the reference line RLm, whereas the black data voltage
Vblack or off voltage is provided through the data signal
data[n] to the first pixel P1 via the data line DLn to turn off the
driving TFT DT of the first pixel P1 so as to prevent the
driving TFT DT from operating.

[0068] Specifically, each of the first and second sensing
periods shown in FIGS. 3A and 3B includes an initialization
period A, a precharge period B, a discharge period C, and a
sampling period D.

[0069] In the initialization period A of the first sensing
period shown in FIG. 3A, the gate on voltage is supplied
through the first and second scan signals SS1 and SS2 to the
first and seconds scan lines SLk1 and SLk2 from the first and
second scan drivers, the data voltage Vdata[n] for sensing is
provided through the data signal data[n] to the data line DLn
from the data driver, the black data voltage Vblack is supplied
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through the data signal data[n+1] to the data line DLn+1 from
the data driver, and the reference voltage Vref is provided
through the reference signal ref{m] to the reference line RLm
from the data driver.

[0070] Accordingly, the first and second nodes N1 and N2
of the first pixel P1 are respectively initialized to the data
voltage Vdata[n] for sensing and the reference voltage Vref
through the first and second switching TFTs ST1 and ST2,
and the storage capacitor Cst charges a voltage (Vdata[n]-
Vref>Vth) higher than a threshold voltage Vth of the driving
TFT DT to drive the driving TFT DT.

[0071] The first and second nodes N1 and N2 of the second
pixel P2 are respectively initialized to the black data voltage
Vblack and the reference voltage Vref through the first and
second switching TFTs ST1 and ST2, and the storage capaci-
tor Cst charges a voltage (Vblack-Vref<Vth) lower than the
threshold voltage Vth of the driving TFT DT to turn the
driving TFT DT off.

[0072] Inthe precharge period B of the first sensing period
shown in FIG. 3A, the same driving waveforms as those
applied in the initialization period A are supplied, except that
the gate off voltage is supplied through the second scan signal
SS2 to the second scan line SLk2 from the second scan driver
and a precharge voltage Vpre is provided to the reference line
RLm from the data driver.

[0073] Accordingly, the reference line RLm is precharged
to the precharge voltage Vpre higher than the reference volt-
age Vref when the second switching TFT ST2 is turned off.
The precharge voltage Vpre of the reference line RLm is
appropriately controlled according to sensing conditions
such as a sensing range of the data driver, data voltage, char-
acteristics of the driving TFT, etc.

[0074] In the discharge period C of the first sensing period
shown in FIG. 3A, the same driving waveforms as those
applied in the previous precharge period B are supplied,
except that the gate on voltage is supplied through the second
scan signal SS2 to the second scan line SLk2 from the scan
driver, and the precharge voltage Vpre supplied to the refer-
ence line RLm from the data driver is blocked.

[0075] Accordingly, the pixel current of the driving TFT
DT of the first pixel P1 is output via the turned on second
switching TFT ST2 and the reference line RLm and the volt-
age of the reference line RLm increases from the precharge
voltage Vpre in proportion to the pixel current of the driving
TFT DT of the first pixel P1. When the driving voltage Vigs of
the storage capacitor Cst reaches the threshold voltage Vth of
the driving TFT DT as the voltage of the reference line RLm
increases, the voltage of the reference line RLm saturates ata
voltage corresponding to the difference between the data
voltage Vdata[n] and the threshold voltage Vth of the driving
TFT DT.

[0076] Inthe sampling period D of the first sensing period
shown in FIG. 3A, the data driver samples the saturated
voltage Vdata—Vth of the reference line RLm and outputs the
sampled voltage as a sensing voltage Vsensing, to thereby
sense a voltage in proportion to the pixel current of the driving
TFT DT of the first pixel P1. Here, the gate off voltage Voffis
supplied through the first and second scan signals SS1 and
SS2 to the first and second scan lines SLk1 and SLk2, and
output of the data signals data[n] and data[n+1] to the data
lines DLn and DLn+1 from the data driver and output of the
reference signal ref{m] to the reference line RLm are blocked.
[0077] As described above, the threshold voltage Vth that
represents the characteristics of the driving TFT DT can be
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detected using the sensing voltage Vsensing sampled on the
reference line RLm in the sampling period D, that is, the
sampled saturated voltage Vdata-=Vth of the reference line
RLm, and mobility that represents the characteristics of the
driving TFT DT can be sensed (detected) using a function of
obtaining the current of the driving TFT DT.

[0078] In the second sensing period shown in FIG. 3B, the
same driving waveforms as those applied in the first sensing
period shown in FIG. 3A are supplied, except that the black
data voltage Vblack or off voltage is supplied from the data
driver through the data signal data[n] to the data line DLn and
the sensing data voltage Vdata[n+1] is supplied from the data
driver through the data signal data[n+1] to the data line
DLn+1 during the initialization period A to the discharge
period C.

[0079] Inthe second sensing period, the driving TFT DT of
the second pixel P2 is driven by the data voltage Vdata[n+1]
for sensing, and the saturated voltage Vdata-Vth that repre-
sents the characteristics of the driving TFT DT of the second
pixel P2 is sampled and output as the sensing voltage Vsens-
ing in the same manner as that of the first sensing period.
Here, the driving TFT DT of the first pixel P1 is turned off by
the black data voltage Vblack or off voltage, and thus the
driving TFT DT does not operate.

[0080] As described above, the OLED display device
according to the first embodiment of the present invention can
sense, as voltages, the pixel currents representing the charac-
teristics of the driving TFTs DT of the first and second pixels
P1 and P2, which are sequentially output through the refer-
ence line shared by the first and second pixels P1 and P2 by
driving the first and second pixels P1 and P2 in a time division
manner through the data lines DLn and DLn+1 in a corre-
sponding horizontal period of the sensing mode. Accordingly,
the number of reference lines RLm can be reduced to half the
number of data lines DLn and DLn+1 and the number of
reference channels of the data driver can also be decreased to
half the number of data lines DLn and DLn+1.

[0081] FIG. 4 is a block diagram of the OLED display
device including the two pixels P1 and P2, shown in FIG. 1.
[0082] The OLED display device shown in FIG. 4 includes
a display panel 30 and a data driver 20 that drives data lines
DLn to DLn+3 and reference lines RLm and RLm+1 of the
display panel 30, senses pixel currents of the pixels P1 and P2
through the reference lines RLm and RLm+1 and outputs the
sensed pixel currents.

[0083] In addition, the OLED display device includes the
first and second scan drivers for driving the first scan lines
SLk1 and the second scan lines SLk2, shown in FIG. 1, and a
timing controller for controlling the data driver 20 and the
first and second scan drivers.

[0084] Thefirst and second pixels P1 and P2, shown in FIG.
1, are repeatedly arranged in horizontal and vertical direc-
tions in the pixel array area of the display panel 30. A first
pixel string including a plurality of first pixels P1 and a
second pixel string including a plurality of second pixels P2
are respectively connected to the neighboring data lines DLn
and DLn+1 between the data lines DLn and DLn+1 and share
the reference line RLm located between the first and second
pixel strings. A third pixel string including a plurality of first
pixels P1 and a fourth pixel string including a plurality of
second pixels P2 are respectively connected to the neighbor-
ing data lines DLn+2 and DLn+3 between the data lines
DLn+2 and DLn+3 and share the reference line RLm+1
located between the third and fourth pixel strings.
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[0085] The data lines DLn to DLn+3 are respectively con-
nected to data channels CHn to CHn+3 of the data driver 20.
The reference lines RLm and RLm+1 are respectively con-
nected to reference channels CHm and CHm+1 of the data
driver 20.

[0086] In the display mode and the sensing mode, the data
driver 20 converts input data from the timing controller into
analog data signals data[n] to data[n+3] and respectively sup-
plies the analog data signals data[n] to data[n+3] to the data
lines DLn to DLn+3. In addition, the data driver 20 converts
input reference data into reference signals ref[m] and ref[m+
1] and respectively supplies the reference signals ref{m] and
ref[m+1] to the reference lines RLm and RL.m+1 of the dis-
play panel 30. The data driver 20 provides the external pre-
charge voltage Vpre to the reference lines RLm and RLm+1
in the sensing mode.

[0087] In each horizontal period of the sensing mode, the
data driver 20 drives the first and second pixels P1 and P2 in
a time division manner through the data lines DLn and DLn+
1, drives the first and second pixels P1 and P2 in a time
division manner through the data lines DLn+2 and DLn+3,
senses, as voltages, the pixel currents of the first and second
pixels P1 and P2, which are sequentially output through the
reference line RLm, and the pixel currents of the first and
second pixels P1 and P2, which are sequentially output
through the reference line RLm+1, and outputs the sensed
pixel currents.

[0088] As described above, in the OLED display device
according to the first embodiment of the present invention, the
aperture ratios of the first and second pixels P1 and P2 in the
pixel array area increase because the first and second pixels
P1 and P2, that is, two pixel strings share one reference line
RLm or RLm+1 and thus the number of reference lines RLm
and RLm+1 is reduced to half the number of data lines DLn to
DLn+3. Furthermore, since the number of reference channels
CHm and CHm+1 of the data driver 20, which are connected
to the reference lines RLm and RLm+1, is reduced to halfthe
number of data lines, the size and number of data driver ICs
decrease.

[0089] FIG. 5 is an equivalent circuit diagram of four typi-
cal pixels of an OLED display device for sensing pixel current
according to a second embodiment of the present invention.
[0090] The second embodiment shown in FIG. 5 has the
same concept as the first embodiment shown in FIG. 1 and is
distinguished from the first embodiment in that each refer-
ence line RLm is branched to at least two lines such that four
neighboring pixels P1 to P4 in the horizontal direction share
one reference line RLm. Accordingly, explanation of compo-
nents equal to the corresponding components shown in FIG.
1 is omitted or simplified.

[0091] InFIG. 5, first to fourth pixels P1 to P4 arranged in
the horizontal direction respectively represent pixel strings.
The first to fourth pixels P1 to P4 are respectively connected
to four data lines DLn to DLn+3 extended in the vertical
direction and commonly connected to first and second scan
lines SLk1 and SLk2 extended in the horizontal direction.
The reference line RLm is branched to a first branch reference
line RLm1 located between the first and second pixels P1 and
P2 and commonly connected to the first and second pixels P1
and P2 and a second branch reference line RLm2 located
between the third and fourth pixels P3 and P4 and commonly
connected to the third and fourth pixels P3 and P4. The first
and second pixels P1 and P2 have bilaterally symmetrical
structures having the first branch reference line RLm1 shared
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thereby as the center and the third and fourth pixels P3 and P4
have bilaterally symmetrical structures having the second
branch reference line RL.m2 shared thereby as the center.
[0092] The first and second branch reference lines RLml
and RLm2 are commonly connected to the reference line
RLm (or reference pad) and connected to one reference chan-
nel of the data driver through the reference line RLm. Accord-
ingly, the number of reference channels of the driver can be
reduced to half the number of reference channels in the first
embodiment, that is, to a quarter of the number of data lines
DLn and DLn+1, which corresponds to the number of pixel
strings.

[0093] Inthedisplay mode, the first to fourth pixels P1to P4
display luminances corresponding to data signals data[n] to
data[n+3] respectively provided through the data lines DLn to
DLn+3. In the sensing mode, the first to fourth pixels P1 to P4
are driven in a time division manner through the data lines
DLnto DLn+3 to sequentially output pixel currents of the first
to fourth pixels P1 to P4 through the reference line RLm
shared by the first to fourth pixels P1 to P4.

[0094] As described above, the second embodiment shown
in FIG. 5 can reduce the number of first and second branch
reference lines RLm1 and RLm?2 arranged in the pixel array
area to half the number of data lines DLn and DLn1, which
corresponds to the number of pixel strings. Particularly, the
second embodiment shown in FIG. 2 can reduce the number
of reference channels of the data driver to a quarter of the
number of data lines because the two branch reference lines
RLm1 and RLm?2 share the same reference channel through
the reference line RLm. Accordingly, it is possible to reduce
the size or number of data driver ICs to smaller than that of the
first embodiment.

[0095] FIG. 6 shows driving waveforms of the first to fourth
pixels P1 to P4 shown in FIG. 5 in the display mode.

[0096] In the second embodiment shown in FIG. 6, wave-
forms of the data signals data[n+2] and data[n+3] respec-
tively applied to the data lines DLn+2 and DLn+3 respec-
tively connected to the third and fourth pixels P3 and P4 are
added to the waveforms of the display mode according to the
first embodiment shown in FIG. 2. In the display mode, the
first to fourth pixels P1 to P4 make the OLEDs corresponding
thereto emit light with the driving voltages Vgs respectively
corresponding to the data signals data[n] to data[n+3] sup-
plied through the data lines DLn to DLn+3 to respectively
display luminances corresponding to the data signals data[n]
to data[n+3].

[0097] FIGS. 7A and 7D show driving waveforms of the
first to fourth pixels P1 to P4 shown in FIG. 5 in the sensing
mode.

[0098] In the second embodiment shown in FIGS. 7A to
7D, the waveforms of the data signals data[n+2] and data[n+
3] applied to the data lines DLn+2 and DLn+3 respectively
connected to the third and fourth pixels P3 and P4 are added
to the waveforms of the display mode according to the first
embodiment shown in FIGS. 3A and 3B.

[0099] In a corresponding horizontal period of the display
mode, the first to fourth pixels P1 to P4 are driven in a time
division manner to sequentially sense pixel currents of driv-
ing TFTs DT of the first to fourth pixels P1 to P4 through the
reference line RLm (reference channel) shared by the first to
fourth pixels P1 to P4. In other words, each horizontal period
ofthe sensing mode is time-divided into first to fourth sensing
periods for sensing characteristics of the first to fourth pixels
P1 to P4, as shown in FIGS. 7A to 7D. Each of the first to
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fourth sensing periods shown in FIGS. 7A to 7D includes the
initialization period A, precharge period B, discharge period
C and sampling period D as in the embodiment shown in
FIGS. 3A and 3B.

[0100] In the first sensing period of each horizontal period
shown in FIG. 7A, the data voltage Vdata[n] for sensing is
supplied to the first pixel P1 through the data line DLn to drive
the driving TFT DT of the first pixel P1 and the pixel current
of the driving TFT DT of the first pixel P1 is sensed as a
voltage through the first branch reference line RLm1 and the
reference line RLm. The black data voltage Vblack (or off
voltage) is supplied to the remaining data lines DLn+1 to
DLn+3 to turn off the driving TFTs DT of the second, third
and fourth pixels P2, P3 and P4.

[0101] In the second sensing period of each horizontal
period shown in FIG. 7B, the data voltage Vdata[n+1] for
sensing is supplied to the second pixel P2 through the data
line DLn+1 to drive the driving TFT DT of the second pixel
P2 and the pixel current of the driving TFT DT of the second
pixel P2 is sensed as a voltage through the first branch refer-
ence line RLm1 and the reference line RLm. The black data
voltage Vblack (or off voltage) is supplied to the other data
lines DLn, DLn+2 and DLn+3 to turn off the driving TFTs DT
of the first, third and fourth pixels P1, P3 and P4.

[0102] Inthe third sensing period of each horizontal period
shown in FIG. 7C, the data voltage Vdata[n+2] for sensing is
supplied to the third pixel P3 through the data line DLn+2 to
drive the driving TFT DT of the third pixel P3 and the pixel
current of the driving TFT DT of the third pixel P3 is sensed
as a voltage through the second branch reference line RLm2
and the reference line RLm. The black data voltage Vblack (or
off voltage) is supplied to the other data lines DLn, DLn+1
and DLn+3 to turn off the driving TFTs DT of the first, second
and fourth pixels P1, P2 and P4.

[0103] In the fourth sensing period of each horizontal
period shown in FIG. 7D, the data voltage Vdata[n+3] for
sensing is supplied to the fourth pixel P4 through the data line
DLn+3 to drive the driving TFT DT of the fourth pixel P4 and
the pixel current of the driving TFT DT of the fourth pixel P4
is sensed as a voltage through the second branch reference
line RLm2 and the reference line RLm. The black data volt-
age Vblack (or off voltage) is supplied to the other data lines
DLn, DLn+1 and DLn+2 to turn off the driving TFTs DT of
the first, second and third pixels P1, P2 and P3.

[0104] As described above, the OLED display device
according to the second embodiment of the present invention
drives the four pixels P1 to P4 arranged in the horizontal
direction in a time division manner through the data lines DLn
to DLn+3 to sequentially sense pixel currents of the driving
TFTs DT of the first to fourth pixels P1 to P4 through the
shared reference line RLm (that is, reference channel).
Accordingly, it is possible to reduce the number of first and
second branch reference lines RLm1 and RLm2 to half the
number of data lines, which corresponds to the number of
pixel strings, in the pixel array area and decrease the number
of reference channels of the data driver, which are connected
to the reference line RLm, to a quarter of the number of data
lines.

[0105] FIG. 8 is a block diagram of the OLED display
device including the first to fourth pixels P1 to P4 according
to the second embodiment of the present invention, shown in
FIG. 5.

[0106] The OLED display device according to the second
embodiment of the invention shown in FIG. 8 is distinguished
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from the OLED display device according to the first embodi-
ment shown in FIG. 4 in that each reference line RLm is
branched to at least two lines and thus at least four neighbor-
ing pixel strings in the horizontal direction share one refer-
ence line RLm and one reference channel CHm.

[0107] Referring to FIG. 8, the first to fourth pixels P1 to P4
according to the second embodiment shown in FIG. 5 are
repeatedly arranged in the vertical direction and the horizon-
tal direction in the pixel array area of the display panel 130.
The first pixel string composed of a plurality of first pixels P1
and the second pixel string composed of a plurality of second
pixels P2 are respectively connected to the two neighboring
data lines DLn and DLn+1 between the data lines DLn and
DLn+1. The third pixel string composed of a plurality of third
pixels P3 and the fourth pixel string composed of a plurality
of fourth pixels P4 are respectively connected to the neigh-
boring two data lines DLn+2 and DLn+3 between the data
lines DLn+2 and DLn+3.

[0108] The reference line RLm is branched to the at least
first and second branch reference lines RLm1 and RLm2. The
first branch reference line RLm1 is located between the first
and second pixel strings and commonly connected to the first
and second pixel strings. The second branch reference line
RLm2 is located between the third and fourth pixel strings
and commonly connected to the third and fourth pixel strings.
[0109] The data lines DLn to DLn+3 are respectively con-
nected to the data channels CHn to CHn+3 of the data driver
120. The reference line RLm (reference pad) shared by the
first and second branch reference lines RLm1 and RLm?2 is
individually connected to the reference channel CHm of the
data driver 120.

[0110] The data driver 120 drives the first to fourth pixels
P1 to P4 in a time division manner through the data lines DLn
to DLn+3 in each horizontal period of the sensing mode and
senses, as voltages, the pixel currents of the first to fourth
pixels P1 to P4, which are sequentially output through the
reference line RLm (reference pad) shared by the first and
second branch reference lines RLm1 and RL.m2 and the ref-
erence channel CHm.

[0111] Accordingly, in the OLED display device according
to the second embodiment of the present invention, two pixel
strings share a branch reference line (RLm1 or RLm?2) in the
pixel array area, and thus the number of branch reference lines
RLm1 and RLm?2 is reduced to half the number of data lines
DLn to DLn+3 and the aperture ratios of the pixels P1 to P4
increase in the pixel array area. Particularly, since the two
branch reference lines RLm1 and RLm?2 share the reference
channel CHm through the reference line RLm (reference
pad), the number of reference channels CHm of the data
driver 120 can be reduced to a quarter of the number of data
lines DLn to DLn+3 so as to decrease the size or number of
data driver ICs, compared to the first embodiment.

[0112] While the reference line RLm (reference pad) indi-
vidually connected to the reference channel CHm of the data
driver 120 is branched to the first and second branch reference
lines RLm1 and RLm?2 in the second embodiment, the present
invention is not limited thereto and each reference line RLm
(reference pad) can be branched to N (N being a natural
number) branch reference lines RLm1 to RLmN. That is, each
reference channel CHm of the data driver is commonly con-
nected to 2N pixel strings through N branch reference lines.
[0113] For example, six pixel strings share one reference
channel if three branch reference lines are commonly con-
nected to each reference channel, and eight pixel strings share
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one reference channel if four branch reference lines are com-
monly connected to each reference channel. However, the
number of pixel strings that share each reference channel is
preferably smaller than 8 (N being smaller than 4) because
reference line load increase as the number of pixel strings that
share each reference channel increases, lengthening sensing
time.

[0114] The datadriver can sequentially sense pixel currents
of 2N pixels through each reference channel by driving the
2N pixels sharing each reference channel in a time division
manner through 2N data lines in each horizontal period of the
sensing mode. The data driver can select a pixel to be sensed
from the 2N pixels sharing each reference channel by apply-
ing a data voltage for sensing to the pixel to be sensed through
the data line corresponding to the pixel and de-select the other
pixels by applying the black data voltage (or off voltage) to
the other pixels through the data lines corresponding to the
other pixels, to thereby sense the current of the selected pixel
through the shared reference channel. The data driver can
repeat this sensing operation 2N times to sequentially sense
the pixel currents of the 2N pixels through the shared refer-
ence channel.

[0115] FIG.9is anequivalent circuit diagram of two typical
pixels of an OLED display device for sensing pixel current
according to a third embodiment of the present invention.
[0116] The third embodiment shown in FIG. 9 has the same
concept as the first embodiment shown in FIG. 1 and is
distinguished from the first embodiment in that the second
switching TFTs ST2 of the first and second pixels P1 and P2
are respectively connected to the second and third scan lines
SLk2 and SLk3. Accordingly, explanation of components
equal to the corresponding components shown in FIG. 1 is
omitted or simplified.

[0117] Referring to FIG. 9, the first switching TFTs ST1 of
the first and second pixels P1 and P2 are commonly connected
to the first scan line SLk1, the second switching TFT ST2 of
the first pixel P1 is connected to the second scan line SLk2,
and the second switching TFT ST2 of the second pixel P2 is
connected to the third scan line SLk2. Accordingly, the sec-
ond switching TFT ST2 of the first pixel P1 can be driven
through the second scan line SLk2 to form a current path with
the reference line RLm or the second switching TFT ST2 of
the second pixel P2 can be driven through the third scan line
SLk3 to form a current path with the reference line RLm inthe
sensing mode. Therefore, only a pixel to be sensed from the
pixels P1 and P2 sharing the reference line RLm is connected
to the reference line RLm and the other pixel is electrically
separated from the reference line RLm. Here, while the sens-
ing data voltage can be applied only to the pixel to be sensed
and the black data voltage (or off voltage) can be applied to
the other pixel, the sensing data voltage may be applied to
both pixels.

[0118] The first, second and third scan lines SLk1 to SLk3
are respectively driven by first, second and third scan drivers.
[0119] FIG. 10 shows driving waveforms of the first and
second pixels P1 and P2 shown in FIG. 9 in the display mode.
[0120] The driving waveforms of the display mode corre-
spond to the driving waveforms of the display mode accord-
ing to the first embodiment shown in FIG. 2, except that a
third scan signal SS3 corresponding to the first and second
scan signals SS1 and SS2 is applied to the third scan line
SLk3.

[0121] The first and second pixels P1 and P2 charge the
driving voltages Vgs respectively corresponding to the data
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signals data[n] and data[n+1] respectively supplied through
the data lines DLn and DLn+1 in the storage capacitors Cst
thereof according to gate on voltages of the scan signals SS1,
SS2 and SS3 simultaneously supplied through the first, sec-
ond and third scan lines SLk1, SLk2 and SLk3 and respec-
tively display luminances corresponding to the data signals
data[n] and data[n+1] by making the OLEDs thereof emit
light using the charged driving voltages Vgs.

[0122] FIGS. 11A and 11B show driving waveforms of the
first and pixels shown in FIG. 9 in the sensing mode.

[0123] The driving waveforms of the display mode shown
in FIGS. 11A and 11B correspond to the driving waveforms
of the display mode according to the first embodiment shown
in FIGS. 3A and 3B, except that the third scan signal SS3 is
supplied through the third scan line SLk3 and the second and
third scan signals SS2 and SS3 alternately supply a gate on
voltage and a gate off voltage in the discharge period.
[0124] In the first sensing period of each horizontal period
shown in FIG. 11A, the first scan signal SS1 supplies the gate
on voltage to the first and second pixels P1 and P2 to turn on
the first switching TFTs ST1 of the first and second pixels P1
and P2 from the initialization period A to the discharge period
C and applies the gate off voltage to the first and second pixels
P1 and P2 to turn the first switching TFTs ST1 off in the
sampling period D. The second scan signal SS2 supplies the
gate on voltage to the first pixels P1 to turn on the second
switching TFT ST2 of the first pixel P1 from the initialization
period A to the discharge period C and applies the gate off
voltage to the first pixel P1 to turn the second switching TFT
ST2 off in the precharge period B and the sampling period D.
The third scan signal SS3 supplies the gate on voltage to the
second pixels P2 to turn on the second switching TFT ST2 of
the second pixel P2 only during the initialization period A and
applies the gate off voltage 1o the second pixel P2 to turn the
second switching TFT ST2 off from the precharge period B to
the sampling period D. The sensing data voltage Vdata[n] and
the black data voltage Vblack (or off voltage) are respectively
supplied through the data lines DLn and DLn+1 to the first
and second pixels P1 and P2 from the initialization period A
to the discharge period C, and the data voltages are not sup-
plied during the sampling period D because the data lines
DLn and DLn+1 are floated.

[0125]  Accordingly, the driving TFT DT of the first pixel
P1 is driven by the sensing data voltage Vdata[n] and the
second switching TFT ST2 thereof is turned off according to
the second scan signal SS2 in the first sensing period, and thus
the pixel current of the driving TFT DT of the first pixel P1 is
sensed as a voltage through the reference line RLm. Here, the
driving TFT DT of the second pixel P2 is turned off according
to the black data voltage Vblack (or off voltage) and the
second switching TFT ST2 thereof is turned off according to
the third scan signal SS3, and thus the second pixel P2 is not
connected to the reference line RLm.

[0126] The second sensing period of each horizontal
period, shown in FIG. 11B, is distinguished from the first
sensing period, shown in FIG. 114, in that the second scan
signal SS2 supplies the gate off voltage to the second switch-
ing TFT ST2 of the first pixel P1 and the third scan signal SS3
applies the gate on voltage to the second switching TFT ST2
of the second pixel P2 in the discharge period C, and the black
data voltage Vblack and the sensing data voltage Vdata[n] are
respectively supplied through the data lines DLn and DLn+1
to the first and second pixels P1 and P2 from the initialization
period A to the discharge period C.
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[0127] Accordingly, the driving TFT DT of the second
pixel P2 is driven by the sensing data voltage Vdata[n| and the
second switching TFT ST2 thereof is turned off according to
the third scan signal SS3 in the second sensing period, and
thus the pixel current of the driving TFT DT of the second
pixel P2 is sensed as a voltage through the reference line
RLm. Here, the driving TFT DT of the first pixel P1 is turned
off according to the black data voltage Vblack (or off voltage)
and the second switching TFT ST2 thereof is turned off
according to the second scan signal SS2, and thus the first
pixel P1 is not connected to the reference line RLm.

[0128] As described above, the OLED display device
according to the third embodiment of the present invention
sequentially outputs the pixel currents of the driving TFTs DT
of the first and second pixels P1 and P2 through the reference
line RLm by driving the first and second pixels P1 and P2
sharing the reference line RLm in a time division manner
through the data lines DLn and DLn+1 in a corresponding
horizontal period of the sensing mode.

[0129] FIG. 12 is an equivalent circuit diagram illustrating
an internal configuration of the data driver 20 shown in FIG.
4 according to the first embodiment of the present invention.
[0130] The data driver 20 shown in FIG. 12 includes a first
digital-to-analog converter (referred to as DAC1 hereinafter)
21 connected to the data channels CHn to CHn+3 through a
first switch SW1, a DAC2 22 connected to the reference
channels CHm and CHm+1 through a second switch SW2, a
multiplexer (referred to as MUX hereinafter) 23 connected to
the reference channels CHm and Chm+1, a sample and hold
unit (referred to as S/H unit hereinafter) 24 connected to the
MUX 23, and an analog-to-digital converter (referred to as
ADC hereinafter) 25 connected to the S/H unit 24.

[0131] Inaddition, the data driver 20 includes a third switch
SW3 connected between a supply line of a first precharge
voltage vprel for the sensing mode and the reference chan-
nels CHm and CHm+1, a fourth switch SW4 connected
between a supply line of a second precharge voltage vpre2 for
the sensing mode and the data channels CHn and CHn+1, and
a fifth switch SW5 connected between the supply line of the
second precharge voltage vpre2 for the sensing mode and the
reference channels CHm and CHm+1.

[0132] Furthermore, the data driver 20 further includes a
latch for sequentially latching input data from the timing
controller and, when data corresponding to one horizontal
line is latched, simultaneously outputting the latched data to
the DAC1 21 and DAC2 22, a shift register for sequentially
outputting a sampling signal for controlling latch timing of
the latch, and a plurality of output buffers respectively con-
nected to the output ports ofthe DAC1 21 and the DAC2 22 or
the output ports of the switches SW1 and SW2 to buffer the
data signals data[n]| to data[n+3] from the DAC1 21 and
DAC2 22 and reference signals reflm| and reflm+1] and
output the buffered data signals and reference signals.
[0133] The DACI 21 converts input data into analog data
signals data[n] to data[n+3] and respectively supplies the
analog data signals data[n] to data[n+3] to the data channels
CHn to CHn+3 through the first switch SW1 in the display
mode and the sensing mode. The analog data signals data[n]
to data[n+3] supplied to the data channels CHn to CHn+3 are
respectively applied to the data lines.

[0134] The DAC2 22 converts input data into the reference
signals reflm] and reflm+1] and respectively supplies the
reference signals reflm] and reflm+1] through the second
switch SW2 in the display mode and the sensing mode. The
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reference signals refim] and refm+1] supplied to the refer-
ence channels CHm and CHm+1 are respectively applied to
the reference lines.

[0135] The first switch SW1 and the second switch SW2
are turned on during a period in which the data signals data[n]
to data[n+3] are output in the display mode, are turned on
during a period in which the data signals data[n] to data[n+3]
are output in the sensing mode, that is, from the initialization
period A to the discharge period C, and are turned off during
the remaining period including the sampling period D.
[0136] The third switch SW3 is turned on in the precharge
period B of the sensing mode such that the first precharge
voltage Vprel for the sensing mode is supplied to the refer-
ence lines through the reference channels CHm and CHm+1.
The third switch SW3 performs a switching operation oppo-
site to that of the second switch SW2.

[0137] In the meantime, it may be necessary to precharge
the data lines and reference lines with the second precharge
voltage Vref2 for the display mode in the display mode
according to a driving method. In this case, the fourth switch
SW4 and the fifth switch SW5 are turned on such that the
second precharge voltage Vpre2 for the display mode is sup-
plied to the data lines and reference lines through the data
channels CHn to CHn+3 and the reference channels CHm and
CHm+1. The fourth switch SW4 and the fifth switch SW5
perform switching operations opposite to that of the second
switch SW2 in the display mode. The fourth switch SW4 and
the fifth switch SW5 may be omitted.

[0138] The MUX 23 selectively connects the reference
channels CHm and CHm+1 to the S/H unit 24 in the sensing
mode. Accordingly, it is possible to reduce the number of S/H
units 24 and the number of ADCs 25 to less than the number
of reference channels CHm and CHm+1. The MUX 23
includes a selection switch SW6 connected between the ref-
erence channel CHm and the input port of the S/H unit 24 and
a selection switch SW7 connected between the reference
channel CHm+1 and the input port of the S/H unit 24. The
selection switch SW6 is turned on when currents of pixels that
share the reference channel CHm are sensed, whereas the
selection switch SW7 is turned on when currents of pixels that
share the reference channel CHm+1 are sensed. The selection
switches SW6 and SW7 are alternately switched in the sam-
pling period D of the sensing mode. The MUX 23 may be
omitted.

[0139] The S/H unit 24 includes an input switch SW8
through which sensing voltages supplied from the reference
channels CHm and CHm+1 through the MUX 23 are charged
in a capacitor ch and an output switch SW9 through which the
voltage held in the capacitor ch is output to the ADC 25.
[0140] In the sampling period D of the sensing mode, the
input switch SW8 is turned on simultaneously with the selec-
tion switch SW6 or the selection switch SW7 of the MUX
such that the sensing voltage supplied from the reference
channel CHm through the selection switch SW6 is sampled
and charged in the capacitor ch or the sensing voltage sup-
plied from the reference channel CHm+1 through the selec-
tion switch SW7 is sampled and charged in the capacitor ch.
[0141] The output switch SW9 is turned on when the
capacitor ch is charged with the sensing voltage in the sam-
pling period D of the sensing mode to supply the voltage
charged in the capacitor ch to the ADC 25.

[0142] The ADC 25 converts the sensing voltage supplied
from the S/H unit 24 into digital sensing data and provides the
digital sensing data to the timing controller (not shown).
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[0143] Control signals for controlling the switches SW1 to
SW9 included in the data driver 20 are generated inside the
data driver 200 or in the timing controller and supplied.

[0144] Thetiming controller controls the data driver 20 and
the first and scan drivers and supplies data to the data driver 20
in the sensing mode and the display mode. The timing con-
troller detects a characteristic deviation of the driving TFT
DT of each pixel due to the pixel current of the driving TFT
DT using data of each pixel, sensed by the data driver 20 in the
sensing mode, to perform data compensation. To achieve this,
the timing controller includes a sensing unit and a compen-
sation unit. The sensing unit and the compensation unit may
be included in the timing controller or in other circuit com-
ponents such as a driver IC.

[0145] The sensing unit detects a compensation value for
compensating for threshold voltage and mobility deviations
of the driving TFT DT of each pixel according to the pixel
current of each pixel using a sensing voltage
(Vsensing=Vdata-Vth) supplied as digital data from the data
driver 20 and stores the compensation value in a memory in
the sensing mode. In the display mode, the compensation unit
compensates for input data using the compensation value
stored in the sensing mode.

[0146] Since the sensing voltage Vsensing from the data
driver 20 is proportional to the pixel current of the driving
TFT DT of the corresponding pixel, the sensing unit calcu-
lates the pixel current of the driving TFT DT of the corre-
sponding pixel using the sensing voltage Vsensing (I=Cload*
(Vsensing-Vpre)/At, Cload being a reference line load, At
being a time period from the start point of the sampling period
to a sampling time). The sensing unit detects a threshold
voltage representing characteristics of a driving TFT DT and
a mobility deviation (mobility ratio of a corresponding pixel
to a reference pixel) between pixels using a function of
obtaining pixel current according to a threshold voltage and
mobility, as described in U.S. Pat. No. 7,982,695, detects an
offset value for compensating for the detected threshold volt-
age and a gain value for compensating for the mobility devia-
tion as compensation values and stores the compensation
values in the memory in the form of a look-up table.

[0147] Inthe display mode, the compensationunit compen-
sates for input data using stored offset values and gain values
for respective pixels. For example, the compensation unit
compensates for the input data by multiplying the voltage of
the input data by the gain values and adding the offset values
to the voltage of the input data.

[0148] As described above, the OLED display device
according to the present invention can sense pixel current of
each pixel through the data driver easily and rapidly, and thus
itis possible to compensate for characteristic deviation due to
deterioration of driving TFTs of pixels by inserting a sensing
mode between display modes in which the OLED display
device is driven and sensing pixel currents of the pixels even
after the OLED display device is put on the market as well as
during a test process of the OLED display device.

[0149] The data driver 20 and the timing controller are
equally applied to the second and third embodiments as well
as the first embodiment. However, in the data driver 120
applied to the second embodiment, the number of reference
channels and the numbers of DACs and switches connected to
the reference channels are reduced to half those in the first
embodiment.
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[0150] FIG. 13 is an equivalent circuit diagram illustrating
an internal configuration of the data driver 120 shown in FIG.
8 according to the second embodiment of the present inven-
tion.

[0151] Thedatadriver 120 according to the second embodi-
ment shown in FIG. 13 corresponds to the data driver accord-
ing to the first embodiment shown in FIG. 12, except that the
number of reference channels is reduced to half the number of
reference channels in the first embodiment and the numbers
of DAC2 and switches SW2, SW3 and SW5 are decreased,
and thus explanation of components equal to the correspond-
ing components of the first embodiment is omitted.

[0152] While the two data channels CHn+1 and CHn+2 are
located between the two channels CHm and CHm+1 in the
data driver 20 according to the first embodiment shown in
FIG. 12, four data channels CHn+1 to CHn+4 are located
between the reference channels CHm and CHm+1 in the data
driver 120 according to the second embodiment shown in
FIG. 13 because the number of reference channels is reduced.
[0153] As described above, according to the OLED display
device for sensing pixel current and the pixel current sensing
method thereof according to the embodiments of the present
invention, 2N pixels consecutively arranged in the horizontal
direction share a reference line and are driven in a time divi-
sion manner through data lines in every horizontal period of
the sensing mode to sequentially sense currents of the 2N
pixels through the reference line and reference channel
shared by the 2N pixels. Accordingly, the number of reference
lines and the number of reference channels can be reduced to
half the number of data lines. Therefore, a pixel aperture ratio
can be increased due to a reduction in the number of reference
lines, compared to the conventional OLED display device in
which pixels do not share a reference line, and the size or
number of data driver IDs can be reduced due to a decrease in
the number of reference channels, compared to the conven-
tional OLED display device.

[0154] Furthermore, the OLED display device for sensing
pixel current and the pixel current sensing method thereof
according to the embodiments of the present invention can
rapidly sense pixel currents through the data driver with a
simple configuration. Accordingly, the present invention can
compensate for not only an initial characteristic deviation of
driving TFTs of pixels but also a characteristic deviation due
to deterioration of the driving TFTs by inserting a sensing
mode between display modes in which the OLED display
device is driven and sensing pixel currents of the pixels even
after the OLED display device is put on the market as well as
during a test process ofthe OLED display device, and thus the
lifespan and picture quality of the OLED display device can
be improved.

[0155] Itis obvious to those skilled in the art that claims that
are not explicitly cited in each other in the appended claims
may be presented in combination as an exemplary embodi-
ment of the present invention or included as a new claim by a
subsequent amendment after the application is filed.

What is claimed is:

1. An organic light emitting diode (OLED) display device,

comprising:

a display panel including 2N (N being a natural number)
pixels that share a reference line though which a refer-
ence signal is supplied and are respectively connected to
2N data lines through which data signals are applied;
and

Jan. 23,2014

a data driver for driving the 2N pixels sharing the reference
line in a time division manner through the data lines,
sensing currents of the time-division-driven 2N pixels as
voltages through the shared reference line and output-
ting the sensed currents, in a sensing mode.

2. The OLED display device according to claim 1, wherein
the data driver divides a sensing period for the 2N pixels
sharing the reference line into 2N time-division sensing peri-
ods and, in each of the 2N time-division sensing periods, the
data driver selects a pixel to be sensed from the 2N pixels
through a data line corresponding to the pixel to be sensed and
de-selects the other pixel through a data line corresponding to
the other pixel.

3. The OLED display device according to claim 2, wherein,
in each time-division sensing period, the data driver selects
the pixel to be sensed by supplying a data voltage for sensing
to the data line corresponding to the pixel to be sensed to drive
the pixel, and de-selects the other pixel by supplying a black
data voltage or an off voltage to the data line corresponding to
the other pixel to prevent the other pixel from being driven.

4. The OLED display device according to claim 3, wherein
each of the 2N pixels comprises:

a light-emitting element;

a driving thin film transistor (TFT) for driving the light-

emitting element;

a first switching TFT for supplying a data signal of the
corresponding data line to a first node connected to a
gate electrode of the driving TFT in response to a scan
signal of a scan line;

asecond switching TFT for supplying a reference signal of
the reference line to a second node connected between
the driving TFT and the light-emitting element in
response to a different scan signal of a different scan
line; and

a storage capacitor for charging a voltage between the first
and second nodes and providing the charged voltage as a
driving voltage of the driving TFT,

wherein each of the time-division sensing periods
includes:

an initialization period in which the first and second
switching TFTs of each pixel are turned on such that the
first and second nodes are respectively initialized to the
data signal from the corresponding data line and the
reference signal of the reference line;

aprecharge period in which only the second switching TFT
is turned off and the reference line is precharged with a
precharge voltage;

a discharge period in which the first and second switching
TFTs are turned on such that pixel current of the driving
TFT flows to the reference line; and

a sampling period in which the first and second switching
TFTs are turned off and the pixel current of the driving
TFT is sampled with a saturated voltage of the reference
line and held.

5. The OLED display device according to claim 4, wherein
the 2N pixels that share the reference line include two pixels
that are located on both sides of the shared reference line
between two neighboring data lines and respectively con-
nected to the two data lines.

6. The OLED display device according to claim 4, wherein
the reference line is branched to N branch reference lines, and
every two pixels from among the 2N pixels that share the
reference line share the N branch reference lines, the two
pixels being located on both sides of the shared branch refer-
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ence lines between two neighboring data lines and respec-
tively connected to the two data lines.

7. The OLED display device according to claim 5, wherein
the first switching TFTs of the two pixels share a first scan line
through which a first scan signal is supplied and the second
switching TFTs of the two pixels share a second scan line
through which a second scan signal is supplied.

8. The OLED display device according to claim 5, wherein
the first switching TFTs of the two pixels share a first scan line
through which a first scan signal is supplied, the second
switching TFT of one of the two pixels is connected to a
second scan line through which a second scan signal is sup-
plied, and the second switching TFT of the other of the two
pixels is connected to a third scan line through which a third
scan signal is supplied,

wherein the second scan signal and the third scan signal
respectively provide voltages having opposite polarities
only during the discharge period to form a current path
between the driving TFT of a pixel to be sensed and the
shared reference line and to open a current path between
the driving TFT of the other pixel and the shared refer-
ence line.

9. The OLED display device according to claim 4, wherein

the data driver comprises:

a first digital-to-analog converter (DAC) for converting
input data into the data signal and outputting the data
signal to a data channel individually connected to the
data line;

a second DAC for converting input reference data into the
reference signal and outputting the reference signal to a
reference channel individually connected to the refer-
ence line;

a sample and hold unit for sampling the voltage of the
reference line through the reference channel, holding the
sampled voltage as a sensing voltage and outputting the
held sensing voltage;

an analog-to-digital converter (ADC) for converting the
sensing voltage from the sample and hold unit into digi-
tal data and outputting the digital data;

a first switch through which output of the first DAC is
supplied to the data channel during the initialization
period to the discharge period;

a second switch through which output of the second DAC
is supplied to the reference channel during the initializa-
tion period and the discharge period; and

a third switch through which the precharge voltage is sup-
plied to the reference channel,

wherein the first, second and third switches are turned off
during the sampling period.

10. The OLED display device according to claim 9,
wherein the data driver further comprises a multiplexer con-
nected between the reference channel and the sample and
hold unit to selectively connect at least two reference chan-
nels to an input channel of the sample and hold unit, and the
number of sample and hold units and the number of ADCs
correspond to the number of output channels of the multi-
plexer.

11. The OLED display device according to claim 5,
wherein the number of reference lines corresponds to half the
number of data lines, and the number of reference channels
respectively connected to the reference lines in the data driver
corresponds to half the number of data lines.

12. The OLED display device according to claim 6,
wherein the number of branch reference lines corresponds to
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half the number of data lines, and the number of reference
channels respectively connected to the reference lines in the
data driver corresponds to half the number of data lines.

13. A method of sensing pixel current of an OLED display
device which includes 2N (N being a natural number) pixels
that share a reference line though which a reference signal is
supplied and are respectively connected to 2N data lines
through which data signals are applied, the method compris-
ing:

driving the 2N pixels sharing the reference line in a time

division manner through the data lines in a sensing
mode; and

sensing currents of the time-division-driven 2N pixels as

voltages through the shared reference line and output-
ting the sensed currents.

14. The method according to claim 13, wherein the driving
of the 2N pixels in a time division manner comprises dividing
a sensing period for the 2N pixels into 2N time-division
sensing periods, selecting a pixel to be sensed from the 2N
pixels through a data line corresponding to the pixel and
de-selecting the other pixel through a data line corresponding
to the other pixel in each of the 2N time-division sensing
periods.

15. The method according to claim 14, wherein each of the
2N pixels comprises: a light-emitting element; a driving TFT
for driving the light-emitting element; a first switching TFT
for supplying the data signal of the corresponding data line to
a first node connected to the gate electrode of the driving TFT
in response to a scan signal of a scan line; a second switching
TFT for supplying a reference signal of the reference line to a
second node connected between the driving TFT and the
light-emitting element in response to a different scan signal of
a different scan line; and a storage capacitor for charging a
voltage between the first and second nodes and providing the
charged voltage as a driving voltage of the driving TFT,

wherein each of the time division sensing periods includes:

an initialization period in which the first and second
switching TFTs of each pixel are turned on such that the
first and second nodes are respectively initialized to the
data signal from the corresponding data line and the
reference signal of the reference line;

aprecharge period in which only the second switching TFT

is turned off and the reference lines is precharged with a
precharge voltage;
a discharge period in which the first and second switching
TFTs are turned on such that pixel current of the driving
TFT flows to the reference line; and

a sampling period in which the first and second switching
TFTs are turned off and the pixel current of the driving
TFT is sampled with a saturated voltage of the reference
line and held.

16. The method according to claim 15, wherein the 2N
pixels that share the reference line include two pixels that are
located on both sides of the shared reference line between two
neighboring data lines and respectively connected to the two
data lines, the first switching TFTs of the two pixels are turned
on in response to a first scan signal during the initialization
period to the discharge period and are turned off during the
sampling period, the second switching TFTs of the two pixels
are turned on in response to a second scan signal during the
initialization period and the discharge period and are turned
off during the precharge period and the sampling period.

17. The method according to claim 15, wherein the 2N
pixels that share the reference line include two pixels located
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on both sides of the shared reference line between two neigh-
boring data lines and respectively connected to the two data
lines,

wherein the first switching TFTs of the two pixels are
turned on in response to a first scan signal during the
initialization period to the discharge period and are
turned off during the sampling period, and the second
switching TFTs of the two pixels are turned on in
response to second and third scan signals, respectively,
during the initialization period and are turned off during
the precharge period and the sampling period,

wherein the second switching TFT of a pixel to be sensed
from the two pixels is turned on and the second TFT of
the other pixel is turned off during the discharge period.

18. The method according to claim 15, wherein the refer-
ence line is branched to N branch reference lines, and every
two pixels from among the 2N pixels that share the reference
line share the N branch reference lines, the two pixels being
located on both sides of the shared branch reference lines
between two neighboring data lines and respectively con-
nected to the two data lines, the first switching TFTs of the
two pixels being turned on in response to a first scan signal
during the initialization period to the discharge period and
turned off during the sampling period, the second switching
TFTs ofthe two pixels being turned on inresponse to a second
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scan signal during the initialization period and the discharge
period and turned off during the precharge period and the
sampling period.
19. The method according to claim 15, wherein each of the
time division sensing periods includes:
outputting the data signal through a data channel individu-
ally connected to the data line and outputting the refer-
ence signal to a reference channel individually con-
nected to the reference line during the initialization
period,
maintaining output of the data signal through the data
channel and outputting a precharge voltage through the
reference channel during the precharge period;
outputting the data signal through the data channel and
outputting the reference signal through the reference
channel during the discharge period;
blocking output of the data signal and reference signal,
sampling and holding currents of the time-division-
driven pixels through the reference channel as voltages
during the sampling period;
converting the held voltage into digital data and outputting
the digital data after the sampling period.
20. The method according to claim 19, wherein at least two
reference channels are selectively connected to an input chan-
nel of the sample and hold unit through a multiplexer.
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