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Description

[0001] The following description relates to an error
compensator and an organic light emitting display device
using the same.

[0002] Various types of flat panel display devices have
been developed which reduce weight and volume as
compared with cathode ray tubes. These flat panel dis-
play devices include a liquid crystal display, a field emis-
sion display, a plasma display panel, an organic light
emitting display device, and the like.

[0003] Among these flat panel display devices, the or-
ganic light emitting display device displays images using
organic light emitting diodes that emit light through re-
combination of electrons and holes. The organic light
emitting display device has a fast response speed and
is driven with low power consumption.

[0004] Aspects of embodiments of the present inven-
tion are directed toward an error compensator that can
improve image quality and an organic light emitting dis-
play device using the same.

[0005] Aspects of embodiments are directed toward
an error compensator and an organic light emitting dis-
play device using the same, which can exactly extract
information on the degradation of an organiclightemitting
diode and the threshold voltage of a driving transistor.
[0006] Embodiments also provide an error compensa-
tor and an organic light emitting display device using the
same, which can exactly extract information on the deg-
radation of an organic light emitting diode and the thresh-
old voltage of a driving transistor, in which data is
changed using extracted information, so thatitis possible
to display an image with improved image quality, regard-
less of the degradation of an organic light emitting diode
and the threshold voltage of a driving transistor.

[0007] According to an embodiment of the present in-
vention, an organic light emitting display device is pro-
vided to include: pixels each having a driving transistor
and an organic light emitting diode; and a sensing unit
extracting at least one of a first information including the
threshold voltage of the driving transistor or a second
information including the degradation of the organic light
emitting diode from a pixel of the pixels, wherein the sens-
ing unit includes: an amplifier amplifying a voltage cor-
responding to the at least one of the first information or
the second information; and an error compensator com-
pensating for error components of elements included in
the amplifier and the error compensator.

[0008] The error components may include offset char-
acteristics, noises and line resistances of the elements.
The amplifier may include a first transistor having a sec-
ond electrode coupled to the pixel, having afirst electrode
coupled to a ground power source, and having a gate
electrode coupled to the second electrode so that current
flows from the pixel to the ground power source; a second
transistor coupled in the form of a current mirror to the
first transistor; and a current supply unit supplying a ref-
erence current to the first transistor. The second transis-
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tor may be formed to have a channel width wider than
that of the first transistor. The reference current may be
set to have a current value lower than that of a second
current to be flowed in the second transistor, the second
current mirroring a first current supplied to the first tran-
sistor. A common terminal of the current supply unit and
the second transistor may be coupled to the error com-
pensator.

[0009] The amplifier may further include a first switch
SW, positioned between the gate electrode and the sec-
ond electrode of the first transistor; a second switch SW»,
coupled between the ground power source and the gate
electrodes of the eleventh and second transistors; and a
third switch SW,, coupled between the pixel and the
common terminal of the current supply unit and the sec-
ond transistor. The first switch SW,3 may be turned on
during a period in which the first information is extracted,
and the second and third switches SW,,, SW,, may be
turned on during a period in which the second information
is extracted.

[0010] The error compensator may be an error com-
pensator as described below.

[0011] According to an embodiment of the present in-
vention, an error compensator includes a first operational
amplifier (OP-AMP) and a second OP-AMP; a first switch
and a first capacitor, coupled in parallel between a first
input terminal and an output terminal of the first OP-AMP;
a second switch coupled between a first input terminal
and an output terminal of the second OP-AMP; a third
switch coupled between the first input terminal and the
amplifier; a fourth switch coupled between an external
analog-digital converter and the output terminal of the
second OP-AMP; a first storage unit coupled between
the output terminal of the first OP-AMP and the first input
terminal of the second OP-AMP; and a second storage
unit coupled between the first input terminal and the out-
put terminal of the second OP-AMP.

[0012] A first reference power source may be supplied
to a second input terminal of the first OP-AMP, and a
second reference power source may be supplied to a
second input terminal of the second OP-AMP. The first
storage unit may include a fifth switch, a third capacitor
and a sixth switch, coupled in series between the output
terminal of the first OP-AMP and the first input terminal
of the second OP-AMP; and a seventh switch, a fourth
capacitor and an eighth switch, coupled in parallel to the
fifth switch, the third capacitor and the sixth switch be-
tween the output terminal of the first OP-AMP and the
first input terminal of the second OP-AMP. The fifth and
sixth switches may be turned on during a first period in
the period in which the first and second switches are
turned on, and the seventh and eighth switches may be
turned on during a second period not overlapping with
the first period in the period in which the first and second
switches are turned on. The fourth switch may also be
set to be in a turn-on state during the first and second
periods.

[0013] The second storage unit may include a second
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capacitor coupled between tenth and eleventh nodes; a
ninth switch coupled between the eleventh node and the
firstinput terminal of the second OP-AMP; a tenth switch
coupled between the tenth node and the output terminal
of the second OP-AMP; an eleventh switch coupled be-
tween the tenth node and the first input terminal of the
second OP-AMP; and a twelfth switch coupled between
the eleventh node and the output terminal of the second
OP-AMP. The fifth switch, the sixth switch, the ninth
switch and the tenth switch may be turned on during a
third period in the period in which the third switch is turned
on, and the seventh switch, the eighth switch, the elev-
enth switch and the twelfth switch may be turned on dur-
ing a fourth period not overlapping with the third period
in the period in which the third switch is turned on. The
fourth period may be setto be longer than the third period.
[0014] The fourth switch, the eleventh switch and the
twelfth switch may be turned on during a period posterior
to the fourth period.

[0015] The organic light emitting display device may
further include a data driver supplying a data signal to
data lines coupled to the pixels; a scan driver supplying
a scan signal to scan lines coupled to the pixels; and a
timing controller changing bits of data supplied from the
outside thereof and provides the data driver with the
changed bits, corresponding to the at least one of the
first information or the second information. The sensing
unit may further include an analog-digital converter con-
verting a voltage supplied from the error compensator
into a digital value; and a memory storing the digital value,
and providing the stored value to the timing controller so
that the bits of the data are changed. Each pixel may
include a transistor coupled between the sensing unit
and a common node between the driving transistor and
the organic light emitting diode, and turned on during the
period in which the at least one of the first information or
the second information is extracted.

[0016] In the error compensator and the organic light
emitting display device according to an embodiment of
the present invention, error components of external com-
pensation elements are removed using an error compen-
sator, and accordingly, it is possible to exactly extract
information corresponding to the threshold voltage of a
driving transistor and the degradation of an organic light
emitting diode included in each pixel.

[0017] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description,
serve to explain the principles of the present invention.

FIG. 1 is a circuit diagram illustrating a pixel of a
related art organic light emitting display device.
FIG. 2 is a block diagram illustrating an organic light
emitting display device according to an embodiment
of the present invention.

FIG. 3 is a circuit diagram illustrating a pixel accord-
ing to an embodiment of the present invention.
FIG. 4 is a block diagram illustrating an embodiment
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of a sensing unit shown in FIG. 2.

FIG.5is a circuit diagram illustrating an embodiment
of an amplifier shown in FIG. 4.

FIG. 6is a circuit diagram illustrating an embodiment
of a current supply unit shown in FIG. 5.

FIG. 7 is a circuit diagram illustrating an error com-
pensator according to an embodiment of the present
invention.

FIG. 8 is a waveform diagram illustrating an opera-
tion process of the error compensator shown in FIG.
7.

FIG. 9 is a circuit diagram illustrating another em-
bodiment of the amplifier.

FIG. 10 is a waveform diagram illustrating an oper-
ation process of the amplifier shown in FIG. 9.

[0018] Referring to FIG. 1, the pixel 4 of the related art
organic light emitting display device includes an organic
light emitting diode OLED, and a pixel circuit 2 coupled
to a data line Dm and a scan line Sn so as to control the
organic light emitting diode OLED.

[0019] An anode electrode of the organic light emitting
diode OLED is coupled to the pixelcircuit2, and a cathode
electrode of the organic light emitting diode OLED is cou-
pled to a second power source ELVSS. When a scan
signal is supplied to the scan line Sn, the pixel circuit 2
controls the amount of current supplied to the organic
light emitting diode OLED, corresponding to a data signal
supplied to the data line Dm. To this end, the pixel circuit
2 includes a second transistor M2 coupled between a
first power source ELVDD and the organic light emitting
diode OLED, a transistor M1 coupled with the transistor
M2, the data line Dm and the scan line Sn, and a storage
capacitor Cst coupled between a gate electrode and a
first electrode of the transistor M2.

[0020] A gate electrode of the transistor M1 is coupled
to the scan line Sn, and a first electrode of the transistor
M1 is coupled to the data line Dm. A second electrode
of the transistor M1 is coupled to one terminal of the stor-
age capacitor Cst. Here, the first electrode is referred to
as any one of source and drain electrodes, and the sec-
ond electrode is set as an electrode different from the
first electrode. For example, if the first electrode is re-
ferredto as asource electrode, then the second electrode
is referred as a drain electrode. When the scan signal is
supplied to the scan line Sn, the transistor M1 coupled
to the scan line Sn and the data line Dm is turned on to
supply the data signal supplied from the data line Dm to
the storage capacitor Cst. In this case, the storage ca-
pacitor Cst charges to a voltage corresponding to the
data signal.

[0021] The gate electrode of the transistor M2 is cou-
pled to the one terminal of the storage capacitor Cst, and
the first electrode of the transistor M2 is coupled to the
other terminal of the storage capacitor Cst and the first
power source ELVDD. A second electrode of the tran-
sistor M2 is coupled to the anode electrode of the organic
light emitting diode OLED. The transistor M2 controls the
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amount of current flowing from the first power source
ELVDD to the second power source ELVSS via the or-
ganic light emitting diode OLED, corresponding to the
voltage stored in the storage capacitor Cst.

[0022] In this case, the organic light emitting diode
OLED generates light corresponding to the amount of
current supplied from the transistor M2.

[0023] However, the organic light emitting display de-
vice has a problem in that an image with uniform lumi-
nance is not displayed by degradation of the organic light
emitting diode OLED and a variation in threshold voltage
of the transistor M2. In order to solve such a problem,
there has been proposed a method of compensating for
the degradation of the organic light emitting diode OLED
and the threshold voltage of the transistor M2 from the
outside of the pixel 4. However, in the method of com-
pensating for the degradation and the threshold voltage
from the outside using micro-current flowing in the pixel
4, exactinformation is not extracted by offsets and noises
of elements included in an external compensation circuit,
and therefore, exact compensation is not made.

[0024] FIG. 2 is a block diagram illustrating an organic
light emitting display device according to an embodiment
of the present invention.

[0025] Referring to FIG. 2, the organic light emitting
display device according to this embodiment includes a
pixel unit 130 having pixels 140 positioned at intersection
portions (crossing regions) of scan lines S1 to Sn and
data lines D1 to Dm, a scan driver 110 driving the scan
lines S1 to Sn, a data driver 120 driving the data lines
D1 to Dm, a control line driver 160 driving control lines
CL1 to CLn, and a timing controller 150 controlling the
scan driver 110, the data driver 120 and the control line
driver 160.

[0026] The organic light emitting display device ac-
cording to this embodiment further includes a sensing
unit 170 extracting threshold voltage information of a driv-
ing transistor and/or degradation information of an or-
ganic light emitting diode included in each pixel 140, us-
ing feedback lines F1 to Fm.

[0027] The pixel unit 130 includes the pixels 140 posi-
tioned at intersection portions (crossing regions) of the
scan lines S1 to Sn and the data lines D1 to Dm. Each
pixel 140 provides the sensing unit 170 with the threshold
voltage information of the driving transistor and/or the
degradation information of the organic light emitting di-
ode during a sensing period. Each pixel 140 receives a
data signal input during a driving period, and generates
light with a set or predetermined luminance while con-
trolling the amount of current supplied from a first power
source ELVDD to a second power source ELVSS via the
organic light emitting diode, corresponding to the re-
ceived data signal.

[0028] The scan driver 110 supplies a scan signal to
the scanlines S1to Sn. For example, the scan driver 110
progressively supplies the scan signal to the scan lines
S1 to Sn during the sensing and driving periods.

[0029] The data driver 120 receives a second data
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data2 supplied during the driving period, and generates
a data signal using the supplied second data data2. The
data signal generated in data driver 120 is supplied to
the data lines D1 to Dm in synchronization with the scan
signal. The data driver 120 may supply a specific data
signal in synchronization with the scan signal during the
sensing period. Here, the specific data signal is used to
extract threshold voltage information of the driving tran-
sistor included in each pixel 140, and may be set to any
one of various gray scale values.

[0030] The control line driver 160 supplies a control
signal to the control lines CL1 to CLn during the sensing
period. For example, the control line driver 160 may pro-
gressively supply a control signal to the control lines CL1
to CLn during the sensing period. If the data signal is
progressively supplied to the control lines CL1 to CLn,
pixels 140 for each horizontal line are coupled to the feed-
back lines F1 to Fm.

[0031] The sensing unit 170 extracts threshold voltage
information of the driving transistor and/or degradation
information of the organic light emitting diode from each
pixel 140 during the sensing period. For example, the
sensing unit 170 may extract threshold voltage informa-
tion and/or degradation information of the pixels 140 for
each horizontal line, corresponding to the control signal
supplied to the control lines CL1 to CLn.

[0032] The timing controller 150 controls the scan driv-
er 110, the data driver 120 and the control line driver 160.
The timing controller 150 receives threshold voltage in-
formation and/or degradation information supplied from
the sensing unit 170, and generates a second data data2
by changing a first data data1, corresponding to the sup-
plied information.

[0033] FIG. 3 is a circuit diagram illustrating a pixel
according to an embodiment of the present invention.
For convenience of illustration, a pixel coupled to an m-
thdataline Dmand ann-thscanline Snis showninFIG. 3.
[0034] Although the pixel 140 having three transistors
M1 to M3 and one capacitor Cst has been illustrated in
FIG. 3, the present invention is not limited thereto. Prac-
tically, in the present invention, the pixel 140 may be se-
lectively implemented as any one of various circuits cur-
rently known in the art, which can be electrically coupled
to the sensing unit 170.

[0035] Referring to FIG. 3, the pixel 140 according to
this embodiment includes an organic light emitting diode
OLED, and a pixel circuit 142 controlling the amount of
current supplied to the organic light emitting diode OLED.
[0036] An anode electrode of the organic light emitting
diode OLED is coupled to the pixel circuit 142, and a
cathode electrode of the organic light emitting diode
OLED is coupled to the second ELVSS. The organic light
emitting diode OLED generates light with a set or prede-
termined luminance, corresponding to current supplied
from the pixel circuit 142.

[0037] The pixel circuit 142 supplies a set or predeter-
mined current to the organic light emitting diode OLED,
corresponding to a data signal. To this end, the pixel cir-
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cuit 142 includes first to third transistors M1 to M3 and a
storage capacitor Cst.

[0038] Afirstelectrode of the first transistor M1 (driving
transistor) is coupled to the first power source ELVDD,
and a second electrode of the first transistor M1 is cou-
pled to the anode electrode of the organic light emitting
diode OLED. The first transistor M1 controls the amount
of current supplied to the organic light emitting diode
OLED, corresponding to the voltage applied to a first
node N1.

[0039] A first electrode of the second transistor M2 is
coupled to the data line Dm, and a second electrode of
the second transistor M2 is coupled to the first node N1.
A gate electrode of the second transistor M2 is coupled
to the scan line Sn. When a scan signal is supplied to
the scan line Sn, the second transistor M2 is turned on
to electrically couple the data line Dm and the first node
N1 to each other.

[0040] A firstelectrode of the third transistor M3 is cou-
pled to the anode electrode of the organic light emitting
diode OLED, and a second electrode of the third transis-
tor M3 is coupled to a feedback line Fm. A gate electrode
of the third transistor M3 is coupled to a control line CLn.
When a control signal is supplied to the control line CLn,
the third transistor M3 is turned on to electrically couple
the feedback line Fm and the anode electrode of the or-
ganic light emitting diode OLED to each other.

[0041] The storage capacitor Cst is coupled between
the first power source ELVDD and the first node N1. The
storage capacitor Cst stores a voltage corresponding to
the data signal.

[0042] FIG. 4 is a block diagram illustrating an embod-
iment of the sensing unit shown in FIG. 2. For conven-
ience of illustration, only one channel is shown in FIG. 4.
[0043] ReferringtoFIG. 4, the sensing unit 170 accord-
ing to this embodimentincludes an amplifier 180, an error
compensator 190, an analog-digital converter (hereinaf-
ter, referred to as an "ADC") 200 and a memory 210.
Here, the amplifier 180, the error compensator 190 and
the like are formed for each channel, i.e., each of the
feedback lines F1 to Fm. The ADC 200 may be formed
for each channel or may be formed to share a plurality
of channels. The memory 210 is commonly coupled to
all the channels, so as to store threshold voltage infor-
mation and/or degradation information extracted from
each channel.

[0044] The amplifier 180 amplifies voltage (and/or cur-
rent) extracted from each pixel 140. Practically, the am-
plifier 180 amplifies micro-voltage (and/or current) from
each pixel 140 and supplies the amplified micro-voltage
(and/or current) to the error compensator 190.

[0045] The error compensator 190 removes an error
component (an offset characteristic, noise, resistive com-
ponent, etc.) so that desired information can be extract-
ed. Practically, the error compensator 190 supplies only
desired information to the ADC 200 by removing an error
component caused by internal circuits of the amplifier
180. In this case, all error components caused by circuits
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between the pixel 140 and the ADC 200, including an
error component included in the information (voltage
and/or current) amplified in the amplifier 180, can be re-
moved, and accordingly, it is possible to improve the re-
liability of the extracted information. The error compen-
sator also compensates for errors that would otherwise
be introduced by its internal circuitry.

[0046] The ADC 200 converts, into a digital value, in-
formation supplied from the error compensator 190, e.g.,
analog voltage including threshold voltage information of
the driving transistor and/or degradation information of
the organic light emitting diode included in each pixel.
[0047] The digital value converted in the ADC 200 is
stored in the memory 210. Practically, a digital value
(threshold voltage information and/or degradation infor-
mation) corresponding to each pixel is stored in the mem-
ory 210. The digital value stored in the memory 210 is
supplied to the timing controller 150. The timing controller
150 generates the second data data2 by changing bits
of the first data data1 so that the threshold voltage infor-
mation of the driving transistor and/or the degradation
information of the organic light emitting diode is included
in each pixel, using the digital value stored in the memory
210.

[0048] FIG.5isacircuitdiagram illustrating an embod-
iment of the amplifier shown in FIG. 4. Although transis-
tors M11 and M12 are implemented as NMOS transistors
in FIG. 5, the present invention is not limited thereto.
[0049] Referring to FIG. 5, the amplifier 180 includes
a current supply unit 182, a fourth transistor M11 and a
fifth transistor M12.

[0050] A second electrode of the fourth transistor M11
is coupled to the pixel 140, and a first electrode of the
fourth transistor M11 is coupled to a ground power source
GND. A gate electrode of the fourth transistor M11 is
coupled to its own second electrode. That is, the fourth
transistor M11 is diode-coupled so that current can flow
from the pixel 140 to the ground power source GND.
[0051] The fifth transistor M12 is coupled between the
current supply unit 182 and the ground power source
GND. A gate electrode of the fifth transistor M12 is cou-
pled to the gate electrode of the fourth transistor M11.
That is, the fifth transistor M12 is coupled in the form of
a current mirror to the fourth transistor M11. A common
node of the fifth transistor M12 and the current supply
unit 182 is coupled to the error compensator 190.
[0052] Inthe presentinvention, the fifth transistor M12
is formed to have a channel width wider than that of the
fourth transistor M11 so that the amount of current can
be amplified. For example, the fifth transistor M12 may
be set so that the channel width of the fifth transistor M12
is i (i is an integer exceeding 1) times wider than that of
the fourth transistor M11.

[0053] The current supply unit 182 supplies a set or
predetermined reference current iref to the fifth transistor
M12. Here, the reference current iref is set to have a
previously fixed current value in the design process of
the current supply unit 182. For example, the reference
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current iref is set to have a current value lower than that
of current iM12 flowing through the fifth transistor M12.
[0054] An operation process of the amplifier will be de-
scribed in more detail. A specific data signal is supplied
to the data lines D1 to Dm, corresponding to the scan
signal progressively supplied to the scan lines S1 to Sn
during the sensing period. A control signal is progres-
sively supplied to the control lines CL1 to CLn during the
sensing period. The voltage of the second power source
ELVSS is controlled during the sensing period so that
current does not flow in the organic light emitting diode
OLED. Practically, in an embodiment of the present in-
vention, the configuration in which the current provided
to the sensing unit 170 via the first transistor M1 during
the sensing period is applicable to all various types of
configurations currently known in the art.

[0055] The specific data signal is supplied to the pixel
circuit 142. If the third transistor M3 is turned on, a first
current, i.e., pixel currentitft is supplied from the firsttran-
sistor M1 to the amplifier 180. Here, the pixel current itft
is determined, corresponding to the threshold voltage
and mobility of the first transistor M1 included in each
pixel.

[0056] Thefirstcurrentitft supplied from the pixel circuit
142 is supplied to the ground power source GND via the
diode-coupled eleventh transistor M11. In this case, the
second current iM12, which is i times greater than the
pixel current itft, flows through the fifth transistor M12
coupled in the form of the current mirror to the fourth
transistor M11. Since the second current iM12 is set to
be greater than the reference currentiref, a third current
iout is supplied from the error compensator 190.

[0057] Here, the reference currentirefis set (or prede-
termined) to have a low current value, corresponding to
the specific data signal. Then, the third currentiout is set
to have a current value higher than that of the first current
itft. That is, the amplifier 180 generates the third current
iout that is a high current value, using the first current itft
that is a micro-current.

[0058] FIG.6is acircuitdiagramillustrating an embod-
iment of the current supply unit shown in FIG. 5.

[0059] Referring to FIG. 6, the current supply unit 182
according to this embodiment includes a plurality of cur-
rent sources Is, and a switch SW coupled between each
current source Is and a third power source VDD.
[0060] The current source Is supplies a set current.
The switch SW is coupled between the third power source
VDD and each current power source Is so as to control
whether the current is supplied from the current source
Is. Practically, the turn-on/turn-off of the switch SW is
controlled so that a desired reference current iref can be
supplied, in consideration of characteristics of a panel,
etc.

[0061] FIG. 7 is a circuit diagram illustrating an error
compensator according to an embodiment of the present
invention.

[0062] Referring to FIG. 7, the error compensator 190
according to this embodiment includes a first operational
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amplifier (OP-AMP) 192, a second OP-AMP 194, a first
switch SW1, a second switch SW2, a third switch SW3,
a fourth switch SW4, a first capacitor C1, a first storage
unit 196 and a second storage unit 198.

[0063] A firstinput terminal (negative input terminal: -)
of the first OP-AMP 192 is coupled to the amplifier 180
via the third switch SW3, and a second input terminal
(positive input terminal: +) of the first OP-AMP 192 re-
ceives a first reference voltage Vref1. A first output ter-
minal of the first OP-AMP 192 is coupled to the first stor-
age unit 196. The first OP-AMP 192 provides the first
storage unit 196 with the voltage input from the amplifier
180 while being operated as a buffer or integrator.
[0064] The first switch SW1 is coupled between the
first input terminal (-) and the first output terminal of the
first OP-AMP 192. In a case where the first switch SW1
is turned on, the first OP-AMP 192 is driven as a buffer.
In a case where the first switch SW1 is turned off, the
first OP-AMP 192 is driven as an integrator. To this end,
the first capacitor C1 is coupled in parallel to the first
switch SW1 between the first input terminal (-) and the
first output terminal of the first OP-AMP 192.

[0065] The third switch SW3 is coupled between the
first input terminal (-) of the first OP-AMP 192 and the
amplifier 180. The third switch SW3 controls the electrical
coupling between the first OP-AMP 192 and the amplifier
180 while being turned on and turned off.

[0066] Inaddition, when the third switch SW3 is turned
on, the third current iout described above is supplied to
the amplifier 180. Here, the third current iout is supplied
from a virtual current source (or voltage source). The first
OP-AMP 192 inversely amplifies a voltage correspond-
ing to the third current iout and provides the inversely
amplified voltage to the first storage unit 196.

[0067] A firstinput terminal (-) of the second OP-AMP
194 is coupled to the first storage unit 196, and a second
input terminal (+) of the second OP-AMP 194 receives a
second reference voltage Vref2. A second output termi-
nal of the second OP-AMP 194 is coupled to the ADC
200 via the fourth switch SW4. The second OP-AMP 194
supplies the voltage provided from the first storage unit
196 to the ADC 200 while being operated as a buffer or
integrator.

[0068] The secondswitch SW2is coupled betweenthe
first input terminal (-) and the second output terminal of
the second OP-AMP 194. In a case where the second
switch SW2 is turned on, the second OP-AMP 194 is
driven as a buffer. In a case where the second switch
SW2 is turned off, the second OP-AMP 194 is driven as
an integrator. Meanwhile, in an embodiment of the
presentinvention, the firstand second reference voltages
Vrefi and Vref2 are experimentally determined as refer-
ence voltages for inversion amplification, in considera-
tion of the characteristics of the panel.

[0069] The fourth switch SW4 is coupled between the
second output terminal of the second OP-AMP 194 and
the ADC 200. The fourth switch SW4 controls the elec-
trical coupling between the second OP-AMP 194 and the
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ADC 200 while being turned on and turned off.

[0070] The first storage unit 196 is coupled between
the first output terminal and the first input terminal (-) of
the first OP-AMP 192. Error component existing between
the third switch SW3 and the ADC 200, e.g., offsets, line
resistances, noises and element characteristics of the
firstand second OP-AMPs 192 and 194 are stored in the
first storage unit 196. To this end, the first storage unit
196 includes a fifth switch SW5, a third capacitor C3 and
asixth switch SW6, which are coupled in parallel between
the first output terminal and the first input terminal (-) of
the first OP-AMP 192, and a seventh switch SW7, a fourth
capacitor C4 and an eighth switch SW8, which are cou-
pled in parallel to the fifth switch SW5, the third capacitor
C3 and the sixth switch SW6 between the first output
terminal and the firstinput terminal (-) of the first OP-AMP
192.

[0071] Thefifth and sixth switches SW5 and SW6 store
an error component in the third capacitor C3 while being
simultaneously turned on. The seventh and eighth
switches SW7 and SW8 store an error component in the
fourth capacitor C4 while being turned on at a time dif-
ferent from that when the fifth switch SW5 is turned on.
[0072] The second storage unit 198 stores a voltage
corresponding to the third current iout, except the error
component stored in the first storage unit 196 and the
error component of the amplifier 180 (circuit character-
istics and error components for amplification). To this
end, thefirst storage unit 196 includes a second capacitor
C2, and ninth to twelfth switches SW9 to SW12.

[0073] The second capacitor C2 is coupled between
tenth and eleventh nodes N10 and N11. The second ca-
pacitor C2 stores a specific voltage except error compo-
nents.

[0074] The eleventh switch SW11 is coupled between
the tenth node N10 and the first input terminal (-) of the
second OP-AMP 194. The twelfth switch SW12 is cou-
pled between the eleventh node N11 and the second
outputterminal of the second OP-AMP 194. The eleventh
and twelfth switches SW11 and SW12 store a predeter-
mined voltage in the second capacitor C2 while being
simultaneously turned on and turned off.

[0075] The ninth switch SW9 is coupled between the
eleventh node N11 and the first input terminal (-) of the
second OP-AMP 194. The tenth switch SW10 is coupled
between the tenth node N10 and the second output ter-
minal of the second OP-AMP 194. The ninth and tenth
switches SW9 and SW10 store a set voltage in the sec-
ond capacitor C2 while being simultaneously turned on
and turned off. Here, the turn-on periods of the ninth and
eleventh switches SW9 and SW11 do not overlap with
each other.

[0076] FIG. 8is a waveform diagram illustrating an op-
eration process of the error compensator showninFIG. 7.
[0077] Referring to FIG. 8, the first switch SW1, the
second switch SW2, the fourth switch SW4, the fifth
switch SW5 and the sixth switch SW6 are turned on dur-
ing a first period T1.
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[0078] If the fourth switch SW4 is turned on, the ADC
200 and the second output terminal of the second OP-
AMP 194 are electrically coupled to each other.

[0079] If the first switch SW1 is turned on, the first OP-
AMP 192 is coupled in the form of a buffer. Then, the first
reference voltage Vrefi is applied to the first output ter-
minal of the first OP-AMP 192 due to virtual ground char-
acteristics of the OP-AMP.

[0080] If the second switch SW2 is turned on, the sec-
ond OP-AMP 194 is coupled in the form of a buffer. Then,
the second reference voltage Vref2 is applied to the sec-
ond output of the second OP-AMP 194 due to the virtual
ground characteristics of the OP-AMP.

[0081] If the fifth switch SW5 is turned on, the first out-
put terminal of the first OP-AMP 192 and one terminal of
the third capacitor C3 are electrically coupled to each
other. If the sixth switch SW6 is turned on, the second
output terminal of the second OP-AMP 194 and the other
terminal of the third capacitor C3 are electrically coupled
to each other. In this case, the third capacitor C3 ideally
stores a voltage corresponding to the difference between
the first and second reference voltages Vrefi and Vref2.
However, practically, a set voltage including error com-
ponents (e.g., offsets, line resistances, noises and ele-
ment characteristics of the OP-AMPs) is stored in the
third capacitor C3. Practically, error components from
the third switch SW3 to the ADC 200 are stored in the
form of voltage in the third capacitor C3 during the first
period T1.

[0082] The first switch SW1, the second switch SW2,
the fourth switch SW4, the seventh switch SW7 and the
eighth switch SW8 are turned on during a second period
T2.

[0083] If the first switch SW1 is turned on, the first ref-
erence voltage Vrefi is applied to the first output terminal
of the first OP-AMP 192. If the second switch SW2 is
turned on, the second reference voltage Vref2 is applied
tothe second outputterminal of the second OP-AMP 194.
[0084] If the seventh switch SW7 is turned on, the first
output terminal of the first OP-AMP 192 and one terminal
of the fourth capacitor C4 are electrically coupled to each
other. If the eighth switch SW8 is turned on, the other
terminal of the fourth capacitor C4 and the second output
terminal of the second OP-AMP 194 are electrically cou-
pled to each other. In this case, a set voltage including
an error component of the error compensator 190 is
charged in the fourth capacitor C4. For example, the
same voltage as that of the third capacity C3 is stored in
the fourth capacitor C4. Subsequently, for convenience
of illustration, it is assumed that the same voltage is
stored in the third and fourth capacitors C3 and C4.
[0085] The third switch SW3, the fifth switch SW5, the
sixth switch SW6, the ninth switch SW9 and the tenth
switch SW10 are turned on during a third period T3. The
third period is set to be a short time period so that only
the error component of the amplifier 180 is supplied to
the error compensator 190. In other words, the third
switch SW3 is instantaneously turned on and then turned
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off so that the voltage corresponding to the third current
iout is not applied to the first input terminal (-) of the first
OP-AMP 192.

[0086] Then, a set voltage including the error compo-
nent of the amplifier 180 is applied to the first input ter-
minal (-) of the first OP-AMP 192 during the third period
T3. The first OP-AMP 192 inversely amplifies a prede-
termined voltage and supplies a first voltage to the first
output terminal of the first OP-AMP 192 while being driv-
en as an integrator during the third period T3.

[0087] The first voltage output to the first output termi-
nal of the first OP-AMP 192 is supplied to the first input
terminal (-) of the second OP-AMP 194 by coupling of
the third capacitor C3. In this case, the first voltage is
changed into a second voltage, corresponding to the volt-
age stored in the third capacitor C3. Here, an error com-
ponent of the error compensator 190 is additionally in-
cluded in the second voltage. Meanwhile, since the ninth
and tenth switches SW9 and SW10 are turned on, the
second voltage is stored in the second capacitor C2. Sub-
sequently, for convenience of illustration, it is assumed
that when the eleventh node N11 is coupled to the first
input terminal (-) of the second OP-AMP 194, a voltage
in the reverse direction is stored in the second capacitor
C2. In addition, it is assumed that when the tenth node
N10 is coupled to the first input terminal (-) of the second
OP-AMP 194, a voltage in the forward direction is stored
in the second capacitor C2. In this case, the second volt-
age in the reverse direction is stored in the second ca-
pacitor C2 during the third period T3.

[0088] Subsequently, the third switch SW3, the sev-
enth switch SW7, the eighth switch SW8, the eleventh
switch SW11 and the twelfth switch SW12 are turned on
during a fourth period T4. Here, the fourth period T4 is
set to a period wider than the third period T3.

[0089] If the third switch SW3 is turned on during the
fourth period T4, a third voltage corresponding to the third
current iout is applied to the first input terminal (-) of the
first OP-AMP 192. Here, the fourth period T4 is set to a
sufficiently wide time so that the third voltage can be sta-
bly applied. The first OP-AMP 192 inversely amplifies the
third voltage and supplies the inversely amplified voltage
to the first output terminal of the first OP-AMP 192 while
being driven as an integrator during the fourth period T4.
The voltage supplied to the first output terminal of the
first OP-AMP 192 is changed into a fourth voltage by
coupling of the fourth capacitor C4 so that the fourth volt-
age is supplied to the first input terminal (-) of the second
OP-AMP 194. In this case, the eleventh and twelfth
switches SW11 and SW12 are turned on, and hence the
fourth voltage in the forward direction is stored in the
second capacitor C2.

[0090] Meanwhile, the error components are offset by
the second voltage in the reverse direction, stored in the
second capacitor C2 during the third period T3, and the
fourth voltage in the forward direction, stored in the sec-
ond capacitor C2 during the fourth period T4. In other
words, a set voltage corresponding to the third current
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iout is charged in the second capacitor C2 during the
fourth period T4, regardless of the error components of
the amplifier 180 and the error compensator 190.
[0091] Subsequently, the fourth switch SW4, the elev-
enth switch SW11 and the twelfth switch SW12 are turned
on during a fifth period T5. If the fourth switch SW4 is
turned on, the ADC 200 and the second output terminal
of the second OP-AMP 194 are electrically coupled to
each other. If the eleventh switch SW11 is turned on, the
tenth node N10 is coupled to the first input terminal (-) of
the second OP-AMP 194. If the twelfth switch SW12 is
turned on, the eleventh node N11 is coupled to the sec-
ond output terminal of the second OP-AMP 194. Then,
the second OP-AMP 194 supplies, to the ADC 200, a set
voltage corresponding to the set voltage stored in the
second capacitor C2. The ADC 200 converts a set volt-
age supplied thereto into a digital value, and stores the
converted digital value in the memory 210.

[0092] Practically, in an embodiment of the presentin-
vention, the threshold voltage and mobility information
of the driving transistor included in each pixel 140 is ex-
tracted by repeating the aforementioned procedure dur-
ing the sensing period. As described above, in an em-
bodiment of the present invention, only pure information
from which the error components of the amplifier 180 and
the error compensator 190 are removed may be extract-
ed, and accordingly, the accuracy of compensation can
be improved. In addition, the error compensator 190 ac-
cording to this embodiment is used to extract only a de-
sired voltage by removing error components, and can be
applied to various circuits for amplifying a predetermined
current and/or voltage.

[0093] FIG. 9 is a circuit diagram illustrating another
embodiment of the amplifier. InFIG. 9, components iden-
tical to those of FIG. 5 are designated by like reference
numerals, and their detailed descriptions will be omitted.
[0094] Referring to FIG. 9, the amplifier 180 according
to this embodiment includes a current supply unit 182, a
fourth transistor M11’, a fifth transistor M12’, a thirteenth
switch SW20, a fourteenth switch SW21 and a fifteenth
switch 22.

[0095] The fourth transistor M11’ is coupled between
the pixel 140 and the ground power source GND. The
thirteenth switch SW5 is formed between the pixel 140
and a gate electrode of the fourth transistor M11’. When
the thirteenth switch SW is turned on, the fourth tran-
sistor M11’ is diode-coupled so that current can flow from
the pixel 140 and the ground power source GND.
[0096] The fifth transistor M12’ is coupled between the
current supply unit 182 and the ground power source
GND. A gate electrode of the fifth transistor M12’ is cou-
pled to the gate electrode of the fourth transistor M11°.
That is, the fifth transistor M12’ is coupled in the form of
a current mirror to the fourth transistor M11°.

[0097] The fourteenth switch SW21 is coupled be-
tween the gate electrode of the fourth transistor M11’ and
the ground power source GND. If the fourteenth switch
SW21 is turned on, the ground power source GND is



15 EP 3 079 143 A1 16

supplied to the gate electrodes of the fourth and fifth tran-
sistors M11’ and M12’, and accordingly, the fourth and
fifth transistors M11’ and M12’ are turned off.

[0098] The fifteenth switch SW,, is formed between
the pixel 140 and a common terminal of the current supply
unit 182 and the error compensator 190. If the fifteenth
switch SW, isturned on, the pixel 140, the current supply
unit 182 and the error compensator 190 are electrically
coupled to one another.

[0099] FIG. 10 is a waveform diagram illustrating an
operation process of the amplifier shown in FIG. 9.
[0100] Referring to FIG. 10, itis assumed that the third
transistor M3 included in the pixel 140 is first turned on
during the sensing period.

[0101] The thirteenth switch SWs is turned on during
a period in which the threshold voltage information of the
first transistor M1 is extracted in the sensing period. If
the thirteenth switch SW,, is turned on, the fourth tran-
sistor M11’ is diode-coupled. In this case, the amplifier
180 shown in FIG. 9 is driven identically to the amplifier
180 shown in FIG. 4, and therefore, its detailed descrip-
tion will be omitted.

[0102] The fourteenth and fifteenth switches SW21
and SW,, are turned on during a period in which the
degradation information of the organic light emitting di-
ode OLED is extracted in the sensing period. If the four-
teenth switch SW21 is turned on, the fourth and fifth tran-
sistors M11” and M12’ are turned off.

[0103] Ifthe fifteenth switch SW, is turned on, the ref-
erence current iref from the current supply unit 182 is
supplied to the second power source ELVSS via the an-
ode electrode of the organic light emitting diode OLED.
In this case, a set voltage corresponding to the reference
current iref is applied to the organic light emitting diode
OLED.

[0104] Theresistanceis changed corresponding to the
degree of degradation of the organic light emitting diode
OLED, and accordingly, degradation information is in-
cluded in the set voltage applied to the organic light emit-
ting diode OLED, corresponding to the reference current
iref. The set voltage applied to the organic light emitting
diode OLED is supplied to the error compensator 190.
[0105] That is, the amplifier 180 according to this em-
bodiment can extract the degradation information of the
organic light emitting diode OLED and the threshold volt-
age information of the first transistor M1 from the pixel
140 while being driven as a current source or current sink
source. In addition, the operation process of the error
compensator 190 is identical to that described above,
and therefore, its detailed description will be omitted.
[0106] While the presentinvention has been described
in connection with certain exemplary embodiments, it is
to be understood that the invention is not limited to the
disclosed embodiments, but, on the contrary, is intended
to cover various modifications and equivalent arrange-
ments included within the scope of the appended claims.
[0107] In the claims, it will be understood that the first
and second transistors M11, M12 are referred to in the
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description as fourth and fifth transistors M11, M12. It will
further be understood that the first to third switches SW20
- SW,, are referred to in the description as thirteenth to
fifteenth switches SW20 - SW22.

Claims
1. An error compensator comprises:

a first operational amplifier OP-AMP and a sec-
ond OP-AMP;

a first switch SW1 and a first capacitor, connect-
ed in parallel between a first input terminal and
an output terminal of the first OP-AMP;

a second switch SW2 connected between a first
input terminal and an output terminal of the sec-
ond OP-AMP;

a third switch SW3 connected between the first
input terminal of the first OP-AMP and the am-
plifier;

a fourth switch SW4 connected between an ex-
ternal analog-digital converter and the output
terminal of the second OP-AMP;

afirst storage unit connected between the output
terminal of the first OP-AMP and the first input
terminal of the second OP-AMP; and

a second storage unit connected between the
first input terminal and the output terminal of the
second OP-AMP.

2. The error compensator of claim 1, wherein a first
reference power source is connected to a second
input terminal of the first OP-AMP, and a second
reference power source is connected to a second
input terminal of the second OP-AMP.

3. The error compensator of claim 1 or 2, wherein the
first storage unit includes:

a fifth switch, a third capacitor and a sixth switch,
coupled in series between the output terminal
of the first OP-AMP and the first input terminal
of the second OP-AMP; and

a seventh switch, a fourth capacitor and an
eighth switch, coupled in parallel to the fifth
switch, the third capacitor and the sixth switch,
between the output terminal of the first OP-AMP
and the first input terminal of the second OP-
AMP,

wherein the fifth and sixth switches are config-
ured to be turned on during a first period in the
period in which the firstand second switches are
turned on, and the seventh and eighth switches
are configured to be turned on during a second
period not overlapping with the first period in the
period in which the firstand second switches are
turned on and/or wherein the fourth switch is
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configured to be also set to be in a turn-on state
during the first and second periods.

4. The error compensator of any one of claims 1, 2 or
3, wherein the second storage unit includes: 5

a second capacitor coupled between first and
second nodes N10, N11;
aninth switch coupled between the second node
and the first input terminal of the second OP- 170
AMP;
a tenth switch coupled between the first node
and the output terminal of the second OP-AMP;
an eleventh switch coupled between the first
node and the first input terminal of the second 75
OP-AMP; and
a twelfth switch coupled between the second
node and the output terminal of the second OP-
AMP.
20
5. The error compensator of claim 4, wherein the fifth
switch, the sixth switch, the ninth switch and the tenth
switch are configured to be turned on during a third
period in the period in which the third switch is turned
on, and the seventh switch, the eighth switch, the 25
eleventh switch and the twelfth switch are configured
to be turned on during a fourth period not overlapping
with the third period in the period in which the third
switch is turned on, wherein the fourth period may
be settobe longerthan the third period and/orwhere- 30
in the fourth switch, the eleventh switch and the
twelfth switch are configured to be turned on during
a period after the fourth period.
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