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(57) ABSTRACT

An organic light emitting display includes a plurality of pixels
and a compensation unit. Each of the pixels includes a driving
transistor to control an amount of current supplied to a cor-
responding organic light emitting diode. The compensation
unit is coupled to the pixels by data lines and includes at least
one sensing unit. The sensing unit extracts threshold voltage
information from the pixels corresponding to respective driv-
ing transistors. The sensing unit receives noise currents from
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the threshold voltage information after offset of the noise
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ORGANIC LIGHT EMITTING DISPLAY AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0138177,
filed on Nov.14, 2013, and entitled, “Organic Light Emitting
Display And Driving Method Thereof,” is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
a display device.

[0004] 2. Description of the Related Art

[0005] The performance of displays must increase as infor-
mation technology evolves. Flat panel displays have been
developed in pursuit of this goal. One type of flat panel
display has pixels which output light based on a recombina-
tion of electrons and holes in corresponding active layers.
Displays of this type have demonstrated relatively fast
response speed and low power consumption.

SUMMARY

[0006] In accordance with one embodiment, an organic
light emitting display includes a plurality of pixels, each
including a driving transistor to control an amount of current
supplied to a corresponding organic light emitting diode; and
a compensation unit coupled to the pixels by data lines, the
compensation unit including at least one sensing unit to
extract threshold voltage information from the pixels corre-
sponding to respective driving transistors, wherein the at least
one sensing unit is to receive noise currents froma plurality of
data lines, offset the noise currents, and extract the threshold
voltage information after offset of the noise currents.

[0007] The at least one sensing unit may be coupled to a
first data line which is coupled to a first pixel in which the
threshold voltage information of the driving transistor is to be
extracted, and a second data line which is coupled to a second
pixel at a same horizontal line as the first pixel. The first pixel
stores a data signal may correspond to a predetermined cur-
rent, and the second pixel may store a black data signal.
[0008] The at least one sensing unit may include first and
second capacitors having second terminals electrically
coupled to each other; a reference voltage generation unit to
generate a reference voltage; a current control unit coupled to
a first terminal of the first capacitor or a first terminal of the
second capacitor; a comparison unit coupled to the first ter-
minals of the first and second capacitors, the comparison unit
to compare voltage values of the first and second capacitors;
and a switching unit to allow the reference voltage generation
unit, first capacitor, and second capacitor to be selectively
coupled to the first and second data lines. The second termi-
nals of the first and second capacitors may receive the refer-
ence voltage.

[0009] The second terminals of the first and second capaci-
tors may be coupled to a reference power source. The current
control unit may be coupled to the first terminal of the second
capacitor and is to sink reference current. The reference cur-
rent may be set as current to flow in the first pixel, correspond-
ing to the data signal stored in the first pixel.

[0010] The current control unit may be coupled to the first
terminal of the first capacitor and is to supply reference cur-
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rent. The reference current may be set as current to flow in the
first pixel, corresponding to the data signal stored in the first
pixel.

[0011] The switching unit may includes first switches
respectively coupled between the first terminal of the first
capacitor and the second data line and between the first ter-
minal of the second capacitor and the first data line; second
switches respectively coupled between the first terminal of
the first capacitor and the first data line and between the first
terminal of the second capacitor and the second data line;
third switches respectively coupled between the reference
voltage generation unit and the first data line and between the
reference voltage generation unit and the second data line;
and a fourth switch coupled between the current control umt
and the first terminal of the first or second capacitor.

[0012] The second and third switches may be turned on
during a zero-th period, the second switches may be turned on
during a first period after the zero-th period, and the first and
fourth switches may be turned on during a second period after
the first period. The first and second periods may be set to a
same duration. The first pixel may supply, to the first data line,
pixel current corresponding to the data signal stored therein
during the second period.

[0013] The comparison unit may output a high or low volt-
age, corresponding to a result obtained by comparing the
voltage values of the first and second capacitors. The com-
parison unit may output a voltage corresponding to a differ-
ence voltage between the voltage stored in the first capacitor
and the voltage stored in the second capacitor.

[0014] The display may further include a timing controller
to generate a second data by changing bits of first data sup-
plied from an external source, so that the threshold voltage of
the driving transistor is compensated based on a result of the
comparison unit; and a data driver to receive a second data
supplied from the timing controller, to generate a data signal
based on the received second data, and to supply the gener-
ated data signal to the data lines. Each of the noise currents
may include a leakage current and a coupling noise current of
the data lines.

[0015] In accordance with another embodiment, a method
of driving an organic light emitting display includes supply-
ing noise current of a first data line to a first capacitor; sup-
plying noise current of a second data line to a second capaci-
tor; supplying the noise current of the second data line to the
first capacitor, supplying, to the second capacitor, the noise
current of the first data line and pixel current including thresh-
old voltage information of a driving transistor included in a
first pixel coupled to the first data line; and extracting the
threshold voltage information of the driving transistor in the
first pixel based on a comparison of voltages of the first and
second capacitors.

[0016] A data signal may be stored in the first pixel to
correspond to flow of the pixel current. A reference current
may be sinked from the second capacitor during supplying of
the noise current to the second data line. The reference current
may be set as current to flow in the first pixel, corresponding
to the data signal.

[0017] The method may further include supplying refer-
ence current to the first capacitor during supplying of the
noise current to the first data line. The reference current may
be set as current to flow in the first pixel, corresponding to the
data signal. The method may further include storing a black
data signal in a second pixel coupled to the second data line
and positioned on a same horizontal line as the first pixel, the
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black data signal stored during the supplying the noise current
extracting threshold voltage information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0019] FIG. 1 illustrates an embodiment of an organic light
emitting display;

[0020] FIG. 2 illustrates an embodiment of a pixel in the
display;
[0021] FIG. 3 illustrates an embodiment of a compensation
unit;
[0022] FIG. 4 illustrates an embodiment of a sensing unit;
[0023] FIG.5illustrates an operating process of the sensing
unit;
[0024] FIG. 6 illustrates another embodiment of a sensing
unit; and
[0025] FIG. 7 illustrates another embodiment of a sensing
unit.

DETAILED DESCRIPTION
[0026] Example embodiments are described more fully

hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0027] Also, when a first element is described as being
coupled to a second element, the first element may be not only
directly coupled to the second element but may also be indi-
rectly coupled to the second element via a third element.
Further, some of the elements that are not essential to the
complete understanding of the invention are omitted for clar-
ity. Also, like reference numerals refer to like elements
throughout.

[0028] FIG. 1 illustrates an embodiment of'an organic light
emitting display which includes a display unit 130, a scan
driver 110, and a control line driver 160. The display unit
includes a plurality of pixels 140 respectively positioned at
intersections of scan lines S1 to Sn and data lines D1 to Dm.
The scan driver 110 drives the scan lines S1 to Sn and emis-
sion control lines El to En. The control line driver 160 drives
control lines CL1 to CLn.

[0029] Theorganic light emitting display further includes a
data driver 120, a compensation unit 170, and a timing con-
troller 150. The data driver 120 supplies data signals to the
data lines D1 to Dm. The compensation unit 170 extracts,
from pixels 140, degradation information and/or threshold
voltage information of corresponding driving transistors. The
timing controller 150 controls drivers 110, 120, and 160 and
compensation unit 170.

[0030] The display unit 130 includes pixels 140 respec-
tively positioned in areas defined by the scan lines 51 to Sn,
the data lines D1 to Dm, and the control lines CL.1 to CLn. The
pixels 140 receive first and second power sources ELVDD
and ELVSS supplied from one or more external sources. Fach
pixel 140 controls the amount of current supplied from the
first power source ELVDD to the second power source
ELVSS, via an organic light emitting diode, based on a cor-
responding data signal.
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[0031] Thescandriver 110 supplies scan signals to the scan
lines S1 to Sn and emission control signals to the emission
control lines E1 to En under control of the timing controller
150. For example, the scan driver 110 sequentially supplies
scan signals to the scan lines S1 to Sn and sequentially sup-
plies emission control signals to the emission controllines E1
to En under the control of timing controller 150. The scan
signals may be set to voltage(s) for turning on transistors in
pixels 140. The emission control signals may be set to voltage
(s) for turning off transistors in pixels 140.

[0032] The control line driver 160 supplies control signals
to control lines CL1 to CLn under the control of timing
controller 150. For example, the control line driver 160 may
sequentially supply control signals to control lines CL1 to
CLn during a period in which threshold voltage information is
extracted from pixels 140.

[0033] The data driver 120 generates data signals, using a
second data Data2 supplied from the timing controller 150.
The data driver 120 supplies generated data signals to the data
lines D1 to Dm.

[0034] The compensation unit 170 extracts degradation
information and/or threshold voltage information from each
pixel 140. In the present embodiment, it may be possible to
extract more exact threshold voltage information. The thresh-
old voltage information extracted in the compensation unit
170 will be described in greater detail below.

[0035] When the threshold voltage information is
extracted, the compensation unit 170 is coupled tok (k is 2, 4,
6, 8, . . . ) data lines Dk, and extracts threshold voltage
information from k/2 pixels 140. Additionally, the compen-
sation unit 170 allows data lines D to be coupled to the data
driver 120 during a period in which the threshold voltage
information is not extracted.

[0036] The timing controller 150 controls the scan driver
110, the data driver 120, the control line driver 160, and the
compensation unit 170. The timing controller 150 generates a
second data Data2 by changing the bit value of first data Datal
(input from an external source), so that a threshold voltage of
a pixel driving transistor can be compensated based on the
threshold voltage information supplied from the compensa-
tion unit 170.

[0037] FIG. 2 illustrates an embodiment of pixel 140 that
may be included in the display device of FIG. 1. For conve-
nience of illustration, a pixel coupled to an n-th scan line Sn
and an m-th data line Dm is shown in FIG. 2.

[0038] Referring to FIG. 2, pixel 140 includes a pixel cir-
cuit 142 to control the supply of current to the organic light
emitting diode (OLED). An anode electrode of the OLED is
coupled to the pixel circuit 142, and a cathode electrode of the
OLED is coupled to the second power source ELVSS. The
OLED generates light with a predetermined luminance based
on the amount of current supplied from pixel circuit 142.
[0039] The pixel circuit 142 supplies a predetermined cur-
rent to the OLED based on a data signal. In one embodiment,
a predetermined voltage corresponding to a gray scale value
may be supplied as the data signal. When threshold voltage
information of a second transistor M2 is extracted, the pixel
circuit 142 supplies the threshold voltage information of the
second transistor M2 to the compensation unit 170. When the
threshold voltage information is extracted, a specific data
signalis supplied to the pixel circuit 142. The pixel circuit 142
supplies a predetermined pixel current Ip as the threshold
voltage information to the compensation unit 170, via the data
line Dm, corresponding to the specific data signal. The pixel
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current Ip may be different based on the threshold voltage and
mobility of the second (driving) transistor M2 in each pixel
142.

[0040] In the present embodiment, pixel circuit 142
includes four transistors M1 to M4 and a storage capacitor
Cst. A gate electrode of a first transistor M1 is coupled to the
scan line Sn, and a first electrode of the first transistor M1 is
coupled to the data line Dm. A second electrode of the first
transistor M1 is coupled to a gate electrode of the second
transistor M2. The first transistor M1 is turned on when a scan
signal is supplied to the scan line Sn.

[0041] The gate electrode of the second (driving) transistor
M2 is coupled to the second electrode of the first transistor
M1, and a first electrode of the second transistor M2 is
coupled to the first power source ELVDD. A second electrode
of the second transistor M2 is coupled to a first node N1. The
second transistor M2 controls the amount of current flowing
into the first node N1 from the first power source ELVDD.
The amount of current flowing into node N1 is based on a
voltage applied to the gate electrode thereof, e.g., a voltage
stored in storage capacitor Cst.

[0042] A firstelectrode ofa third transistor M3 is coupled to
the firstnode N1, and a second electrode of'the third transistor
M3 is coupled to the anode electrode of the OLED. A gate
electrode of the third transistor M3 is coupled to an emission
control line En. The third transistor M3 is turned off when an
emission control signal is supplied to the emission control
line En, and is turned on when the emission control signal is
not supplied.

[0043] A gateelectrode of a fourth transistor M4 is coupled
to a control line CLn, and a first electrode of the fourth
transistor M4 is coupled to the first node N1 . A second
electrode of the fourth transistor M4 is coupled to the data line
Dm. The fourth transistor M4 is turned on when a control
signal is supplied to the control line CLn, and is turned off
otherwise.

[0044] The structure of pixel 140 may be varied from the
arrangement in FIG. 2, especially relating to the fourth tran-
sistor M4 for purpose of extracting the threshold voltage
information of the driving transistor.

[0045] FIG. 3 illustrates an embodiment of the compensa-
tion unit 170. For convenience of illustration, a channel
coupled to an i-the (i is a natural number) data line Di and a
j-th (j is a natural number except the i) data line Dj is shown
in FIG. 3. In addition, a first pixel 1401 among pixels 140
coupled to the i-th data line Di and a second pixel 1402 among
pixels 140 positioned on the same horizontal line as the first
pixel 1401 coupled to the j-th data line Dj is shown in FIG. 3.

[0046] Referring to FIG. 3, the compensation unit 170
includes at least one sensing unit 172 and a memory 174. The
sensing unit 172 is coupled to data lines Di and Dj in the
example shown, and operates to extract threshold voltage
information of the driving transistors in pixels 1401 and 1402,
respectively coupled to data lines Di and Dj.

[0047] For example, sensing unit 172 extracts threshold
voltage information of the driving transistor from first pixel
1401 coupled to i-th data line Di. When the threshold voltage
information is extracted, the sensing unit 172 eliminates leak-
age current and coupling noise of the i-th data line Di using
leakage current and coupling noise of the j-th data line Dj. In
accordance with at least one embodiment, coupling noise
may be understood to include current flowing so that noise of
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a power line (e.g., a power line supplying the first power
source) is supplied to the data line by a parasitic capacitance
formed in pixels 140.

[0048] The sensing unit 172 offsets the leakage current and
coupling noise supplied from each of the data lines Di and Dj
coupled thereto. As aresult, the present embodiment is able to
extract more exact threshold voltage information, e.g., with-
out being adversely influenced or varied by noise. In this case,
a specific data signal is supplied to the first pixel 1401, and a
data signal corresponding to black (a gray scale of “0”) is
supplied to the second pixel 1402.

[0049] Additionally, the at least one sensing unit 172 may
be installed in the compensation unit 170 as illustrated in FIG.
3. For example, in a case where one sensing unit 172 is in
compensation unit 170, the sensing unit 172 may extract
threshold voltage information of pixels 140 while being
sequentially coupled to the two data lines.

[0050] Memory 174 stores the threshold voltage supplied
from the sensing unit 172. In one embodiment, an analog-
digital converter may be included between the memory 174
and sensing unit 172. The analog-digital converter converts
the threshold voltage information of the sensing unit 172 into
digital information, and supplies the converted digital infor-
mation to the memory 174.

[0051] FIG. 4 illustrates one embodiment of the sensing
unit 172, which includes a reference voltage generation unit
1721, a current control unit 1722, a comparison unit 1723, a
switching unit 1724, a first capacitor C1, and a second capaci-
tor C2. The reference voltage generation unit 1721 generates
a predetermined reference voltage Vref. The reference volt-
age Vrefis used to initialize the first capacitor C1, the second
capacitor C2, and the data lines Di and Dj.

[0052] The current control unit 1722 sinks reference cur-
rent Iref. The reference current

[0053] Irefmay bepreviously set to current that is to flow in
the pixels 140, which current corresponds to a specific data
signal.

[0054] The comparison unit 1723 compares voltage values
of the first and second capacitors C1 and C2, and outputs the
result of the comparison. For example, the comparison unit
1723 may output a high or low voltage based on the compari-
son result of the first and second capacitors C1 and C2. The
comparison unit 1723 may output a difference voltage
between the first and second capacitors C1 and C2.

[0055] The switching unit 1724 includes a plurality of
switches SW1, SW1', SW2, SW2', SW3, SW3', and SW4.
Second switches SW2 and SW2' are coupled between first
terminals of the capacitors C1 and C2 and the data lines Di
and Dj, respectively. For example, the second switches SW2
and SW2' are formed between the first terminal of the first
capacitor C1 and the i-th data line Di and between the first
terminal of the second capacitor C2 and the j-th data line D,
respectively.

[0056] First switches SW1 and SW1' are formed between
the first terminals of the capacitors C1 and C2 and the data
lines Di and Dj, respectively. For example, the first switches
SW1 and SW1' are formed between the first terminal of the
first capacitor C1 and the j-th data line Dj and between the first
terminal of the second capacitor C2 and the i-th data line Di.
That is, the first switches SW1 and SW1' are positioned so
that the capacitors C1 and C2 are coupled to the second
switches SW2 and SW2' through different data lines, respec-
tively.
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[0057] Third switches SW3 and SW3' are coupled between
the respective data lines Di and Dj and the reference voltage
generation unit 1721.

[0058] A fourth switch SW4 is coupled between the first
terminal of the second capacitor C2 and the current control
unit 1722.

[0059] The first terminal of the first capacitor C1 is coupled
to the first and second switches SW1 and SW2. A second
terminal of the first capacitor C1 is coupled to the reference
voltage generation unit 1721. In this case, the reference volt-
age Vrefis supplied to the second terminal of the first capaci-
tor C1.

[0060] The first terminal of the second capacitor C2 is
coupled to the first and second switches SW1' and SW2'. A
second terminal of the second capacitor C2 is coupled to the
reference voltage generation unit 1721. In this case, the ref-
erence voltage Vref is supplied to the second terminal of the
second capacitor C2.

[0061] FIG. 5 is a waveform diagram illustrating an oper-
ating process of sensing unit 172. InFIG. 5, it will be assumed
that a specific data signal is stored in the first pixel 1401 and
a black data signal is stored in the second pixel 1402.

[0062] Referring to FIG. 5, first, second switches SW2 and
SW2'and third switches SW3 and SW3' are turned on during
azeroth period T0. If the second switches SW2 and SW2' are
turned on, the first capacitor C1 is coupled to the i-th data line
Di and the second capacitor C2 is coupled to the j-th data line
Dj. If the third switches SW3 and SW3' are turned on, the
reference voltage Vref from the reference voltage generation
unit 1721 is supplied to the i-th data line Di and the j-th data
line Dj.

[0063] Inthiscase, reference voltage Vrefis supplied to the
first and second terminals of respective ones of the first and
second capacitors C1 and C2. Accordingly, the first and sec-
ond capacitors C1 and C2 are initialized. The i-th data line Di
and the j-th dataline Dj are initialized by the reference voltage
Vref.

[0064] During a first period T1, third switches SW3 and
SW3' are turned off and second switches SW2 and SW2'
maintain the turned-on state. If the second switches SW2 and
SW2'are turned on, the first capacitor C1 is coupled to the i-th
data line Di and the second capacitor C2 is coupled to the j-th
data line Dj.

[0065] Inthis case, leakage current and coupling noise cur-
rent flowing into the i-th data line Di are supplied to the first
capacitor C1. Also, leakage current and coupling noise cur-
rent flowing into the j-th data line Dj are supplied to the
second capacitor C2. The voltage of the capacitor C1 or C2
may change in proportionto an amount supplied thereto. That
is, the voltage of capacitor C1 or C2 may change in proportion
to asum ofthe currents. Thus, during first period T1, a voltage
corresponding to the leakage current and coupling noise cur-
rent supplied from the i-th data line Di is charged in the first
capacitor C1. Also, a voltage corresponding to the leakage
current and coupling noise current supplied from the j-th data
line Dj is charged in the second capacitor C2.

[0066] During a second period T2 , first switches SW1 and
SW1'" and fourth switch SW4 are turned on. The fourth tran-
sistor M4 in each of the first and second pixels 1401 and 1402
is turned on corresponding to the control signal supplied to
the control line CLn.

[0067] Ifthe firstswitches SW1and SW1' are turned on, the
first capacitor C1 is coupled to the j-th data line Dj and the
second capacitor C2 is coupled to the i-th data line Di. If the

May 14, 2015

second capacitor C2 is coupled to the i-th data line Di, the
pixel current Ip from the first pixel 1401 is supplied to the
second terminal of the second capacitor C2. In this case,
leakage current and coupling noise current of the i-th data line
Di are additionally supplied to the second terminal of the
second capacitor C2.

[0068] TIfthe first capacitor C1is coupledto the j-th data line
Dj, leakage current and coupling noise current of the j-th data
line Dj are supplied. Because the black data signal is supplied
to the second pixel 1402, the pixel current does not flow.
[0069] Ifthe fourth switch SW4 is turned on, the reference
current Iref is sinked from the second terminal of the second
capacitor C2 from the current control unit 1722. Then, second
capacitor C2 charges to a voltage that corresponds to the
leakage current and coupling noise current of the i-th data line
Di and the current obtained by subtracting the reference cur-
rent Iref from the pixel current Ip.

[0070] The current supplied to the first capacitor C1 during
the first and second periods T1 and T2 may be expressed by
Equation 1. The current supplied to the second capacitor C2
during the first and second periods T1 and T2 may be
expressed by Equation 2.

C1=H+12+In1+In2 (1)
C2=I1+I12+In1+In2+Ip-Iref 2
[0071] In Equations 1 and 2, 111 is indicative of leakage

current during the first period T1, 112 is indicative of leakage
current during the second period, Inl is indicative of coupling
noise during the first period T1, and In2 is indicative of
coupling noise during the second period T2. In Equation 2, Ip
is indicative of pixel current supplied from the first pixel
1401, and Iref is indicative of reference current sunk from the
current control unit 1722.

[0072] The first and second capacitors C1 and C2 respec-
tively receive the leakage current and coupling noise current
of the i-th data line Di and the leakage current and coupling
noise current of the j-th data line Dj. A relationship corre-
sponding to the case where the current supplied to the first
capacitor C1 is eliminated from the current supplied to the
second capacitor C2 is shown by Equation 3.

C2-Cl=lp-Iref (3)

[0073] That is, the second capacitor C2 is set to a voltage
higher or lower by a value obtained by subtracting the refer-
ence current Iref from the pixel current Ip, as compared with
the first capacitor C1. Here, the reference current Iref may be
set as current that is to flow in the pixel, corresponding to a
specific data signal. In the ideal case, pixel current Ip and
reference current Iref may be equal, i.e., not taking variations
in the threshold voltage and mobility of the driving transistor
into consideration.

[0074] The comparison unit 1723 compares voltage values
of the first and second capacitors C1 and C2, and outputs a
value corresponding to the comparison. The comparison unit
1723 may output a high or low voltage as the comparison
value. For example, comparison unit 1723 may output a high
voltage when the voltage of the first capacitor C1 is higher
than that of the second capacitor C2, and may output a low
voltage otherwise. Memory 174 stores a value of “1” or “0”
corresponding to the high or low voltage output from the
comparison unit 1723.

[0075] Subsequently. the timing controller 150 generates a
second data Data2 by changing the bit value of a first data
Datal based on the high or low voltage stored in the memory
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174. For example, the timing controller 150 may generate the
second data Data2, so that the low voltage can be output
corresponding to the high voltage stored in the memory 174.
If the low voltage is output at a specific time after the high
voltage is continuously output in the first pixel 1401, the
timing controller 150 may determine that the threshold volt-
age of the first pixel 1401 is compensated at this time.
[0076] The comparison unit 1732 may output, as the com-
parison value, a voltage corresponding to a voltage difference
between the first and second capacitors C1 and C2. When a
voltage corresponding to the voltage difference is output as
the comparison value, the corresponding voltage is converted
into a digital value by an analog-digital converter, and the
converted digital value is stored in the memory 174.

[0077] Subsequently, the timing controller 150 may gener-
ate the second data Data2 by changing the bit value of the first
data Datal so that the threshold voltage of the pixel can be
compensated based on the digital value. The threshold volt-
age information of the driving transistor may be extracted
from each pixel 140 by repeating the process described above.
[0078] In one embodiment, the first and second periods T1
and T2 may be set to the same time. As a result, the leakage
currents and coupling noise currents flowing into the data
lines Di and Dj may be identically set during first and second
periods T1 and T2.

[0079] As the threshold voltage information of the first
pixel 1401 is extracted, the pixels 140 may be set in the black
state or display a predetermined image. If the predetermined
image is displayed by pixels 140, the leakage currents of the
i-th data line Di and j-th data line Dj may be partially differ-
ently set (e.g., adjacent data lines may receive an almost
identical gray scale data). However, when the threshold volt-
age information is extracted multiple times for the same pixel,
the leakage currents of the i-th data line Di and j-th data line
Dj may correspond to an average of this information. Accord-
ingly, threshold voltage information may be extracted in a
stable manner.

[0080] The i-th data line Di and j-th data line Dj may be
arranged in various ways. For example, the i-th data line Di
and j-th data line may be positioned adjacent to each other, or
may be positioned with a plurality of data lines D interposed
therebetween.

[0081] FIG. 6 illustrates another embodiment of a sensing
unit 172'. In sensing unit 172, a current control unit 1725 is
coupled to the first terminal of the first capacitor C1. A fourth
switch SW4' is located between the current control unit 1725
and the first capacitor C1. The fourth switch SW4' is turned on
in the second period T2 of FIG. 2.

[0082] The current control unit 1725 supplies reference
current Iref to the first terminal of the first capacitor C during
a period in which the fourth switch SW4' is turned on. The
reference current Iref'is set as current to flow in the pixels 140
corresponding to a specific data signal.

[0083] When current is supplied to the first capacitor C1
from current control unit 1725, the current supplied to the first
capacitor C1 during the first and second periods T1 and T2
may be expressed by Equation 4. The current supplied to the
second capacitor C2 during the first and second periods T1
and T2 may be expressed by Equation 5.

C1=IN+R2+In1+In2 +Iref (4)
C2=IN+I12+In1+In2+Ip ®)]
[0084] In Equations 4 and 5, when the current supplied to

the first capacitor C1 is eliminated from the current supplied
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to the second capacitor C2, the relation in Equation 3 is set.
Subsequently, the comparison unit 1723 compares voltage
values of the first and second capacitors C1 and C2, and
outputs a comparison value corresponding to the compared
result. The other operating process is identical to that of the
aforementioned embodiment, and therefore, its detailed
description will be omitted.

[0085] FIG. 7 illustrates another embodiment of a sensing
unit 172". In this embodiment, second terminals of first and
second capacitors C1' and C2' are coupled to a ground power
source GND. Each of the first and second capacitors C1' and
C2' charges a predetermined voltage, corresponding to cur-
rent supplied to a first terminal thereof. Thus, if the second
terminals of the first and second capacitors C1' and C2' are
coupled to the same fixed voltage source regardless of the
voltage, the first and second capacitors C1' and C2' can be
stably driven. That is, the second terminals of the first and
second capacitors C1'and C2' may be coupledto various fixed
voltage sources including the reference voltage Vref and the
ground power source GND.

[0086] Although the transistors in the aforementioned
embodiments are shown as PMOS transistors, these transis-
tors may be implemented as NMOS transistors in other
embodiments.

[0087] Also, in accordance with the aforementioned
embodiments, the OLED may generate red, green, or blue
light corresponding to the amount of current supplied from
the driving transistor. In an implementation, the OLED may
generate white light corresponding to the amount of current
supplied from the driving transistor. Where the OLED gen-
erates white light, a color image may be realized using sepa-
rate color filters.

[0088] By way of summation and review, an organic light
emitting display includes a plurality of pixels arranged in a
matrix form. The pixels are located at intersections of respec-
tive data lines, scan lines, and power lines. Each pixel
includes an organic light emitting diode, two or more transis-
tors including a driving transistor, and one or more capacitors.
[0089] Generally, organic light emitting displays have low
power consumption. However, the amount of current flowing
through the organic light emitting diode of each pixel depends
on a variation in threshold voltage of the driving transistor.
Consequently, display inequality may result. That is, the char-
acteristic of the driving transistor may change depending on
manufacturing process variables of the driving transistor in
each pixel. Practically, manufacturing of the organic light
emitting display so that all the transistors have the same
characteristic may prove to be difficult under the current
process conditions.

[0090] Various methods have been proposed to compensate
for variations in the threshold voltage of a driving transistor.
In one method, threshold voltage information of pixels is
extracted via a data line, and data is controlled corresponding
to the extracted threshold voltage information. However,
when the threshold voltage information is extracted using a
data line, exact information may not be extracted as a result of
noise current (e.g., leakage current and/or coupling noise
current) flowing into the data line. Stable compensation there-
fore may be difficult under these circumstances.

[0091] Inaccordance with one or more embodiments, leak-
age current and coupling noise current are extracted from
multiple (e.g., each of two) data lines. The extracted leakage
current and coupling noise current are offset. As a result, it
may be possible to extract exact threshold voltage informa-
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tion of the driving transistor in the pixel, e.g., threshold volt-
age information unaffected by leakage current and coupling
noise current. Accordingly, it may be possible to stably com-
pensate for the threshold voltage of the driving transistor.
[0092] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless specifically indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An organic light emitting display, comprising:

a plurality of pixels, each including a driving transistor to
control an amount of current supplied to a corresponding
organic light emitting diode; and

acompensation unit coupled to the pixels by data lines, the
compensation unit including at least one sensing unit to
extract threshold voltage information from the pixels
corresponding to respective driving transistors, wherein
the at least one sensing unit is to receive noise currents
from a plurality of data lines, offset the noise currents,
and extract the threshold voltage information after offset
of the noise currents.

2. The display as claimed in claim 1, wherein the at least

one sensing unit is coupled to:

a first data line which is coupled to a first pixel in which the
threshold voltage information of the driving transistor is
to be extracted, and

a second data line which is coupled to a second pixel at a
same horizontal line as the first pixel.

3. The display as claimed in claim 2, wherein:

the first pixel stores a data signal corresponding to a pre-
determined current, and

the second pixel stores a black data signal.

4. The display as claimed in claim 2, wherein the at least
one sensing unit includes:

first and second capacitors having second terminals elec-
trically coupled to each other;

a reference voltage generation unit to generate a reference
voltage;

acurrent control unit coupled to a first terminal of the first
capacitor or a first terminal of the second capacitor;

a comparison unit coupled to the first terminals of the first
and second capacitors, the comparison unit to compare
voltage values of the first and second capacitors; and

a switching unit to allow the reference voltage generation
unit, first capacitor, and second capacitor to be selec-
tively coupled to the first and second data lines.

5. The display as claimed in claim 4, wherein the second
terminals of the first and second capacitors receive the refer-
ence voltage.

6. The display as claimed in claim 4, wherein the second
terminals of the first and second capacitors are coupled to a
ground power source.

May 14, 2015

7. The display as claimed in claim 4, wherein the current
control unit is coupled to the first terminal of the second
capacitor and is to sink reference current.

8. The display as claimed in claim 7, wherein the reference
current is set as current to flow in the first pixel, corresponding
to the data signal stored in the first pixel.

9. The display as claimed in claim 4, wherein the current
control unit is coupled to the first terminal of the first capaci-
tor and is to supply reference current.

10. The display as claimed in claim 9, wherein the refer-
ence current is set as current to flow in the first pixel, corre-
sponding to the data signal stored in the first pixel.

11. The display as claimed in claim 4, wherein the switch-
ing unit includes:

first switches respectively coupled between the first termi-

nal of the first capacitor and the second data line and
between the first terminal ofthe second capacitor and the
first data line;

second switches respectively coupled between the first ter-

minal of the first capacitor and the first data line and
between the first terminal ofthe second capacitor and the
second data line;

third switches respectively coupled between the reference

voltage generation unit and the first data line and
between the reference voltage generation unit and the
second data line; and

a fourth switch coupled between the current control unit

and the first terminal of the first or second capacitor.

12. The display as claimed in claim 11, wherein:

the second and third switches are turned on during a zero-th

period,

the second switches are turned on during a first period after

the zero-th period, and

the first and fourth switches are turned on during a second

period after the first period.

13. The display as claimed in claim 12, wherein the first
and second periods are set to a same duration.

14. The display as claimed in claim 12, wherein the first
pixel is to supply, to the first data line, pixel current corre-
sponding to the data signal stored therein during the second
period.

15. The display as claimed in claim 4, wherein the com-
parison unit outputs a high or low voltage, corresponding to a
result obtained by comparing the voltage values of the first
and second capacitors.

16. The display as claimed in claim 4, wherein the com-
parison unit outputs a voltage corresponding to a difference
voltage between the voltage stored in the first capacitor and
the voltage stored in the second capacitor.

17. The display as claimed in claim 4, further comprising:

a timing controller to generate a second data by changing

bits of first data supplied from an external source, so that
the threshold voltage of the driving transistor is compen-
sated based on a result of the comparison unit; and

a data driver to receive the second data supplied from the

timing controller, to generate a data signal based on the
received second data, and to supply the generated data
signal to the data lines.

18. The display as claimed in claim 1, wherein each of the
noise currents includes a leakage current and a coupling noise
current of the data lines.

19. A method of driving an organic light emitting display,
the method comprising:
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supplying noise current of a first data line to a first capaci-
tor;

supplying noise current of a second data line to a second
capacitor;

supplving the noise current of the second data line to the
first capacitor,

supplying, to the second capacitor, the noise current of the
first data line and pixel current including threshold volt-
age information of a driving transistor included in a first
pixel coupled to the first data line; and

extracting the threshold voltage information of the driving
transistor in the first pixel based on a comparison of
voltages of the first and second capacitors.

20. The method as claimed in claim 19, wherein:

adata signal is stored in the first pixel to correspond to flow
of the pixel current, and

the method includes storing a black data signal in a second
pixel coupled to the second data line and positioned on a
same horizontal line as the first pixel, the black data
signal stored during the supplying the noise current
extracting threshold voltage information.

I I T T

May 14, 2015



patsnap

LT RBFROF) BNENE RSERERS5E
NIF(2E)E US20150130780A1 F(r&E)R 2015-05-14
HiEs US14/518313 RiEA 2014-10-20
FRIFB(EMNPAGE) ZEERERLT
i (E R AGR) = E£DISPLAY CO. , LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.
[FR]R A A KWON OH JO
KWAK BOO DONG
SHIN CHOONG SUN
EBHA KWON, OH-JO
KWAK, BOO-DONG
SHIN, CHOONG-SUN
IPCH %5 G09G3/32
CPCH¥%E G09G3/3291 G09G3/3233 G09G2300/0819 G09G2300/0842 G09G2300/0861 G09G2320/0233
G09G2320/0295 G09G2320/043
£ £ 1020130138177 2013-11-14 KR
H T 3Rk US9779666
SNERaE Espacenet USPTO
BEF) u% Dataz \
BIEXERBEESNMEENNMEE T, BNMEETERIELE o
N — == Data driver -
DR sREAHNNENAX - RENBERE, IMEBETEIHRIELE ] -
AEBE , AEEELV—IPRNE T, BUETMNEZENRS BEEX ] Compeasalion unit o
NHGERENRELEEESE. BRUETMNSEHRELEREFETR | K n e D =
. o o _ — 1 | 1o
HEREFEER  AERFERFEECEENEEREEE. S ; T
52 T T 1 il 142[2
PO e = e =
oo R | RES S AT Sl e
i“ e Em=— s
L ELVSS
(e



https://share-analytics.zhihuiya.com/view/ca8babd7-e6e2-4ca1-8b46-daffb69b25ed
https://worldwide.espacenet.com/patent/search/family/053043405/publication/US2015130780A1?q=US2015130780A1
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=%2220150130780%22.PGNR.&OS=DN/20150130780&RS=DN/20150130780

