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organic light emitting diode; and a sensing unit extracting at
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of the driving transistor or a second information including the
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responding to the at least one of the first information or the
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ERROR COMPENSATOR AND ORGANIC
LIGHT EMITTING DISPLAY DEVICE USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0139059, filed on
Dec. 3, 2012, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an error com-
pensator and an organic light emitting display device using
the same.

[0004] 2. Description of the Related Art

[0005] Various types of flat panel display devices have been
developed which reduce weight and volume as compared
with cathode ray tubes. These flat panel display devices
include a liquid crystal display, a field emission display, a
plasma display panel, an organic light emitting display
device, and the like.

[0006] Among these flat panel display devices, the organic
light emitting display device displays images using organic
light emitting diodes that emit light through recombination of
electrons and holes. The organic light emitting display device
has a fast response speed and is driven with low power con-
sumption.

SUMMARY

[0007] Aspects of embodiments of the present invention are
directed toward an error compensator that can improve image
quality and an organic light emitting display device using the
same.

[0008] Aspects of embodiments are directed toward an
error compensator and an organic light emitting display
device using the same, which can exactly extract information
on the degradation of an organic light emitting diode and the
threshold voltage of a driving transistor.

[0009] Embodiments also provide an error compensator
and an organic light emitting display device using the same,
which can exactly extract information on the degradation of
an organic light emitting diode and the threshold voltage of a
driving transistor, in which data is changed using extracted
information, so that it is possible to display an image with
improved image quality, regardless of the degradation of an
organic light emitting diode and the threshold voltage of a
driving transistor.

[0010] According to an embodiment of the present inven-
tion, an organic light emitting display device is provided 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 deg-
radation of the organic light emitting diode from a pixel of the
pixels, wherein the sensing unit includes: an amplifier ampli-
fying a voltage corresponding to the at least one of the first
information or the second information; and an error compen-
sator compensating for error components of elements
included in the amplifier and the error compensator.

[0011] Theerror components may include offset character-
istics, noises and line resistances of the elements. The ampli-
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fier may include an eleventh transistor having a second elec-
trode coupled to the pixel, having a first electrode coupled to,
aground 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 twelfth transistor coupled in the form
of a current mirror to the eleventh transistor; and a current
supply unit supplying a reference current to the eleventh
transistor. The twelfth transistor may be formed to have a
channel width wider than that of the eleventh transistor. The
reference current may be setto have a current value lower than
that of a second current to be flowed in the twelfth transistor,
the second current mirroring a first current supplied to the
eleventh transistor. A common terminal of the current supply
unit and the twelfth transistor may be coupled to the error
compensator.

[0012] The amplifier may further include a twentieth
switch positioned between the gate electrode and the second
electrode of the eleventh transistor; a twenty-first switch
coupled between the ground power source and the gate elec-
trodes of the eleventh and twelfth transistors; and a twenty-
second switch coupled between the pixel and the common
terminal of the current supply unit and the twelfth transistor.
The twentieth transistor may be turned on during a period in
which the first information is extracted, and the twenty-first
and twenty-second switches may be turned on during a period
in which the second information is extracted.

[0013] The error compensator may include a first opera-
tional 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 output terminal of the second OP-
AMP.

[0014] 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 between 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.

[0015] The second storage unit may include a second
capacitor coupled between tenth and eleventh nodes; a ninth
switch coupled between the eleventh node and the first input
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 between the tenth node
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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 eleventh switch and the twelfth switch may be turned on
during 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 set to be longer than the third period.

[0016] The fourth switch, the eleventh switch and the
twelfth switch may be turned on during a period posterior to
the fourth period.

[0017] The organic light emitting display device may fur-
ther 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 converting 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 unitand
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.

[0018] According to an embodiment of the present inven-
tion, there is provided an error compensator, including: a first
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 first storage unit coupled between
the output terminal of the first OP-AMP and the first input
terminal of the second OP-AMP, and changing a voltage at the
output terminal of the first OP-AMP and supplving the
changed voltage to the first input terminal of the second
OP-AMP; and a second storage unit coupled between the first
input terminal and the output terminal of the second OP-
AMP.

[0019] 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 input terminal may
be a negative (-) input terminal, and the second input terminal
may be apositive (+) input terminal. 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 between 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 second storage unit may include a second capacitor
coupled between tenth and eleventh nodes; a ninth switch
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coupled between the eleventh node and the first input 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 between 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. After a predetermined voltage is
charged in the third and fourth capacitors, the fifth switch, the
sixth switch, the ninth switch and the tenth switch may be
turned on so that a voltage is primarily stored in the second
capacitor, and the seventh switch, the eighth switch, the elev-
enth switch and the twelfth switch may be turned on so that a
voltage is secondarily stored in the second capacitor.

[0020] Inthe error compensator and the organic light emit-
ting display device according to an embodiment of the present
invention, error components of external compensation ele-
ments are removed using an error compensator, and accord-
ingly, it is possible to exactly extract information correspond-
ing to the threshold voltage of a driving transistor and the
degradation of an organic light emitting diode included in
each pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] 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.

[0022] FIG. 1 is a circuit diagram illustrating a pixel of a
related art organic light emitting display device.

[0023] FIG. 2 is a block diagram illustrating an organic
light emitting display device according to an embodiment of
the present invention.

[0024] FIG. 3 is a circuit diagram illustrating a pixel
according to an embodiment of the present invention.
[0025] FIG. 4 is a block diagram illustrating an embodi-
ment of a sensing unit shown in FI1G. 2.

[0026] FIG. 5 is a circuit diagram illustrating an embodi-
ment of an amplifier shown in FIG. 4.

[0027] FIG. 6 is a circuit diagram illustrating an embodi-
ment of a current supply unit shown in FIG. 5.

[0028] FIG. 7isa circuit diagram illustrating an error com-
pensator according to an embodiment of the present inven-
tion.

[0029] FIG. 8 is a waveform diagram illustrating an opera-
tion process of the error compensator shown in FIG. 7.
[0030] FIG. 9 is a circuit diagram illustrating another
embodiment of the amplifier.

[0031] FIG. 10 is awaveform diagram illustrating an opera-
tion process of the amplifier shown in FIG. 9.

DETAILED DESCRIPTION
[0032] Hereinafter, certain exemplary embodiments

according to the present invention will be described with
reference to the accompanying drawings. Here, 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 indirectly coupled to the
second element via one or more third elements. Further, some
of the elements that are not essential to the complete undetr-
standing of the invention are omitted for clarity. Also, like
reference numerals refer to like elements throughout.

[0033] FIG. 1 is a circuit diagram illustrating a pixel of a
related art organic light emitting display device.
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[0034] 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.

[0035] An anode electrode of the organic light emitting
diode OLED is coupled to the pixel circuit 2, and a cathode
electrode of the organic light emitting diode OLED is coupled
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 transis-
tor M2 coupled between a first power source ELVDD and the
organic light emitting diode OLED, a first transistor M1
coupled with the second 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 second transistor
M2.

[0036] A gate electrode of the 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 one terminal of the storage
capacitor Cst. Here, the first electrode is referred to as any one
of source and drain electrodes, and the second electrode is set
as an electrode different from the first electrode. For example,
if the first electrode is referred to as a source electrode, then
the second electrode is referred as a drain electrode. When the
scan signal is supplied to the scan line Sn, the first 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 capacitor
Cst charges to a voltage corresponding to the data signal.

[0037] The gate electrode of the second transistor M2 is
coupled to the one terminal of the storage capacitor Cst, and
the first electrode of the second transistor M2 is coupled to the
other terminal of the storage capacitor Cst and the first power
source ELVDD. A second electrode of the second transistor
M2 is coupled to the anode electrode of the organic light
emitting diode OLED. The second transistor M2 controls the
amount of current flowing from the first power source
ELVDD to the second power source ELVSS via the organic
light emitting diode OLED, corresponding to the voltage
stored in the storage capacitor Cst. In this case, the organic
light emitting diode OLED generates light corresponding to
the amount of current supplied from the second transistor M2.

[0038] However, the organic light emitting display device
has a problem in that an image with uniform luminance is not
displayed by degradation of the organic light emitting diode
OLED and a variation in threshold voltage of the second
transistor M2. In order to solve such a problem, there has been
proposed amethod of compensating for the degradation of the
organic light emitting diode OLED and the threshold voltage
of the second transistor M2 from the outside of the pixel 4.
However, in the method of compensating for the degradation
and the threshold voltage from the outside using micro-cut-
rent flowing in the pixel 4, exact information is not extracted
by offsets and noises of elements included in an external
compensation circuit, and therefore, exact compensation is
not made.

[0039] FIG. 2 is a block diagram illustrating an organic
light emitting display device according to an embodiment of
the present invention.
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[0040] Referring to FIG. 2, the organic light emitting dis-
play 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.

[0041] The organic light emitting display device according
to this embodiment further includes a sensing unit 170
extracting threshold voltage information of a driving transis-
tor and/or degradation information of an organic light emit-
ting diode included in each pixel 140, using feedback lines F1
to Fm.

[0042] 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 infor-
mation of the driving transistor and/or the degradation infor-
mation of the organic light emitting diode during a sensing
period. Each pixel 140 receives a data signal input during a
driving period, and generates light with a set or predeter-
mined luminance while controlling the amount of current
supplied from a first power source ELVDD to a second power
source ELVSS via the organic light emitting diode, corre-
sponding to the received data signal.

[0043] The scan driver 110 supplies a scan signal to the
scan lines S1 to Sn. For example, the scan driver 110 progres-
sively supplies the scan signal to the scan lines S1 to Sn during
the sensing and driving periods.

[0044] The data driver 120 receives a second data data2
supplied during the driving period, and generates a data signal
using the supplied second data data2. The data signal gener-
ated 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 transistor included in each pixel 140, and may be set
to any one of various gray scale values.

[0045] 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 progressively 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 feedback lines F1 to Fm.

[0046] The sensing unit 170 extracts threshold voltage
information of the driving transistor and/or degradation infor-
mation of the organic light emitting diode from each pixel 140
during the sensing period. For example, the sensing unit 170
may extract threshold voltage information and/or degradation
information of the pixels 140 for each horizontal line, corre-
sponding to the control signal supplied to the control lines
CL1 to CLn.

[0047] The timing controller 150 controls the scan driver
110, the data driver 120 and the control line driver 160. The
timing controller 150 receives threshold voltage information
and/or degradation information supplied from the sensing
unit 170, and generates a second data data2 by changing a first
data datal, corresponding to the supplied information.
[0048] FIG. 3 is a circuit diagram illustrating a pixel
according to an embodiment of the present invention. For
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convenience of illustration, a pixel coupled to an m-th data
line Dm and an n-th scan line Sn is shown in FIG. 3.

[0049] 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. Practically, in the
present invention, the pixel 140 may be selectively imple-
mented as any one of various circuits currently known in the
art, which can be electrically coupled to the sensing unit 170.
[0050] 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.

[0051] 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 predetermined luminance, corre-
sponding to current supplied from the pixel circuit 142.
[0052] Thepixel circuit 142 supplies aset or predetermined
current to the organic light emitting diode OLED, corre-
sponding to a data signal. To this end, the pixel circuit 142
includes first to third transistors M1 to M3 and a storage
capacitor Cst.

[0053] A first electrode 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 coupled to the
anode electrode of the organic light emitting diode OLED.
The first transistor M1 controls the amount of current sup-
plied to the organic light emitting diode OLED, correspond-
ing to the voltage applied to a first node N1.

[0054] 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.

[0055] A firstelectrode of the third transistor M3 is coupled
to the anode electrode of the organic light emitting diode
OLED, and a second electrode of the third transistor M3 is
coupled to a feedback line Fm. A gate electrode of the third
transistor M3 is coupled to a controlline 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 organic light emitting diode
OLED to each other.

[0056] 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 sig-
nal.

[0057] FIG. 4 is a block diagram illustrating an embodi-
ment of the sensing unit shown in FIG. 2. For convenience of
illustration, only one channel is shown in FIG. 4.

[0058] Referring to FIG. 4, the sensing unit 170 according
to this embodiment includes an amplifier 180, an error com-
pensator 190, an analog-digital converter (hereinafter,
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 information and/or degradation information
extracted from each channel.
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[0059] Theamplifier 180 amplifies voltage (and/or current)
extracted from each pixel 140. Practically, the amplifier 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.

[0060] The error compensator 190 removes an error com-
ponent (an offset characteristic, noise, resistive component,
etc.) so that desired information can be extracted. 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 and the error compensa-
tor 190. In this case, all error components caused by circuits
between the pixel 140 and the ADC 200, including an error
component included in the information (voltage and/or cur-
rent) amplified in the amplifier 180, can be removed, and
accordingly, it is possible to improve the reliability of the
extracted information.

[0061] The ADC 200 converts, into a digital value, infor-
mation supplied from the error compensator 190, e.g., analog
voltage including threshold voltage information of the driv-
ing transistor and/or degradation information of the organic
light emitting diode included in each pixel.

[0062] Thedigital value converted in the ADC 200 is stored
in the memory 210. Practically, a digital value (threshold
voltage information and/or degradation information) corre-
sponding to each pixel is stored in the memory 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 datal so
that the threshold voltage information of the driving transistor
and/or the degradation information of the organic light emit-
ting diode is included in each pixel, using the digital value
stored in the memory 210.

[0063] FIG. 5 is a circuit diagram illustrating an embodi-
ment of the amplifier shown in FIG. 4. Although transistors
M11 and M12 are implemented as NMOS transistors in FIG.
5, the present invention is not limited thereto.

[0064] Referring to FIG. 5, the amplifier 180 includes a
current supply unit 182, an eleventh transistor M11 and a
twelfth transistor M12.

[0065] A second electrode of the eleventh transistor M11 is
coupled to the pixel 140, and a first electrode of the eleventh
transistor M11 is coupled to a ground power source GND. A
gate electrode of the eleventh transistor M11 is coupled to its
own second electrode. That is, the eleventh transistor M11 is
diode-coupled so that current can flow from the pixel 140 to
the ground power source GND.

[0066] The twelfth transistor M12 is coupled between the
current supply unit 182 and the ground power source GND. A
gate electrode of the twelfth transistor M12 is coupled to the
gate electrode of the eleventh transistor M11. That is, the
twelfth transistor M12 is coupled in the form of a current
mirror to the eleventh transistor M11. A common node of the
twelfth transistor M12 and the current supply unit 182 is
coupled to the error compensator 190.

[0067] In the present invention, the twelfth transistor M12
is formed to have a channel width wider than that of the
eleventh transistor M11 so that the amount of current can be
amplified. For example, the twelfth transistor M12 may be set
so that the channel width of the twelfth transistor M12 is 1 (i
is an integer exceeding 1) times wider than that of the eleventh
transistor M11.

[0068] The current supply unit 182 supplies a set or prede-
termined reference current iref to the twelfth transistor M12.
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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 current iref is set to have
a current value lower than that of current iM12 flowing
through the twelfth transistor M12.

[0069] An operation process of the amplifier will be
described 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 progressively 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 embodi-
ment of the present invention, 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.

[0070] The specific data signal is supplied to the pixel cir-
cuit 142. If the third transistor M3 is turned on, a first current,
i.e., pixel current itft is supplied from the first transistor 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.

[0071] The first current itft 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 sec-
ond current iIM12, which is 1 times greater than the pixel
current itft, flows through the twelfth transistor M12 coupled
in the form of the current mirror to the eleventh transistor
M11. Since the second current iM12 is set to be greater than
the reference current iref, a third current iout is supplied from
the error compensator 190.

[0072] Here, the reference current iref is set (or predeter-
mined) to have a low current value, corresponding to the
specific data signal. Then, the third current lout is set to have
a current value higher than that of the first current itft. That is,
the amplifier 180 generates the third current lout that is a high
current value, using the first current itft that is a micro-cur-
rent.

[0073] FIG. 6 is a circuit diagram illustrating an embodi-
ment of the current supply unit shown in FIG. 5.

[0074] Referring to FIG. 6. the current supply unit 182
according to this embodiment includes a plurality of current
sources Is, and a switch SW coupled between each current
source Is and a third power source VDD.

[0075] 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 consider-
ation of characteristics of a panel, etc.

[0076] FIG.7isacircuit diagram illustrating an error com-
pensator according to an embodiment of the present inven-
tion.

[0077] Referring to FIG. 7, the error compensator 190
according to this embodiment includes a first operational
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.

[0078] A first input terminal (negative input terminal: -) of
the first OP-AMP 192 is coupled to the amplifier 180 via the
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third switch SW3, and a second input terminal (positive input
terminal: +) of the first OP-AMP 192 receives a first reference
voltage Vrefl. A first output terminal of the first OP-AMP 192
is coupled to the first storage 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 integra-
tor.

[0079] 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.

[0080] 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.

[0081] Inaddition, when the third switch SW3 is turned on,
the third current iout described above is supplied to the ampli-
fier 180. Here, the third current lout is supplied from a virtual
current source (or voltage source). The first OP-AMP 192
inversely amplifies a voltage corresponding to the third cur-
rent iout and provides the inversely amplified voltage to the
first storage unit 196.

[0082] A first input 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 terminal 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.

[0083] Thesecond switch SW2 is coupled between the 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 present invention, the first and second
reference voltages Vrefl and Vref2 are experimentally deter-
mined as reference voltages for inversion amplification, in
consideration of the characteristics of the panel.

[0084] The fourth switch SW4 is coupled between the sec-
ond output terminal of the second OP-AMP 194 and the ADC
200. The fourth switch SW4 controls the electrical coupling
between the second OP-AMP 194 and the ADC 200 while
being turned on and turned off.

[0085] 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 first and 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
SWS5, a third capacitor C3 and a sixth 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 coupled in parallel to the fifth switch SW5,
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the third capacitor C3 and the sixth switch SW6 between the
first output terminal and the first input terminal (-) of the first
OP-AMP 192.

[0086] The fifth and sixth switches SW5 and SW6 store an
error component in the third capacitor C3 while being simul-
taneously 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 different from that when the
fifth switch SW5 is turned on.

[0087] The second storage unit 198 stores a voltage corre-
sponding 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 characteristics and error compo-
nents for amplification). To this end, the first storage unit 196
includes a second capacitor C2, and ninth to twelfth switches
SW9 to SW12.

[0088] The second capacitor C2 is coupled between tenth
and eleventh nodes N10 and N11. The second capacitor C2
stores a specific voltage except error components.

[0089] 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 coupled between
the eleventh node N11 and the second output terminal of the
second OP-AMP 194. The eleventh and twelfth switches
SW11 and SW12 store a predetermined voltage in the second
capacitor C2 while being simultaneously turned on and
turned off.

[0090] The ninth switch SW9 is coupled between the elev-
enth node N11 and the first input terminal (-) of the second
OP-AMP 194. The tenth switch SW10is coupled between the
tenth node N10 and the second output terminal of the second
OP-AMP 194. The ninth and tenth switches SW9 and SW10
store a set voltage in the second 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.

[0091] FIG. 8 is a waveform diagram illustrating an opera-
tion process of the error compensator shown in FIG. 7.
[0092] 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 during a first period T1.
[0093] Ifthe 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.

[0094] 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 Vrefl is applied to the first output terminal
of the first OP-AMP 192 due to virtual ground characteristics
of the OP-AMP.

[0095] If the second switch SW2 is turned on, the second
OP-AMP 194 is coupled in the form of a buffer. Then, the
second reference voltage Vref2 is applied to the second output
of the second OP-AMP 194 due to the virtual ground charac-
teristics of the OP-AMP.

[0096] Ifthe fifth switch SW5 is turned on, the first output
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 corre-
sponding to the difference between the first and second ref-
erence voltages Vrefl and Vref2. However, practically, a set
voltage including error components (e.g., offsets, line resis-

Jun. 5,2014

tances, noises and element 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.

[0097] 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.

[0098] If the first switch SW1 is turned on, the first refer-
ence voltage Vrefl 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 to the second output
terminal of the second OP-AMP 194.

[0099] 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 coupled 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 conve-
nience of illustration, it is assumed that the same voltage is
stored in the third and fourth capacitors C3 and C4.

[0100] 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 off so that the voltage correspond-
ing to the third current lout is not applied to the first input
terminal (-) of the first OP-AMP 192.

[0101] Then, aset voltage including the error component of
the amplifier 180 is applied to the first input terminal (=) of the
first OP-AMP 192 during the third period T3. The first OP-
AMP 192 inversely amplifies a predetermined voltage and
supplies a first voltage to the first output terminal of the first
OP-AMP 192 while being driven as an integrator during the
third period T3.

[0102] Thefirst voltage output to the first output terminal 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 voltage stored in the third
capacitor C3. Here, an error component of the error compen-
sator 190 is additionally included 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. Subsequently, for convenience of illustration, it
1s 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 voltage in the reverse
direction is stored in the second capacitor C2 during the third
period T3.

[0103] Subsequently. the third switch SW3, the seventh
switch SW7, the eighth switch SW8, the eleventh switch
SW11 and the twelfth switch SW12 are turned on during a
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fourth period T4. Here, the fourth period T4 is set to a period
wider than the third period T3.

[0104] 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 suffi-
ciently wide time so that the third voltage can be stably
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 volt-
age 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 voltage 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.

[0105] 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 second capacitor C2
during the fourth period T4. In other words, a set voltage
corresponding to the third, current 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 com-
pensator 190.

[0106] Subsequently, the fourth switch SW4, the eleventh
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 second output terminal of the
second OP-AMP 194. Then, the second OP-AMP 194 sup-
plies, to the ADC 200, a set voltage corresponding to the set
voltage stored in the second capacitor C2. The ADC 200
converts a set voltage supplied thereto into a digital value, and
stores the converted digital value in the memory 210.

[0107] Practically, in an embodiment of the present inven-
tion, the threshold voltage and mobility information of the
driving transistor included in each pixel 140 is extracted by
repeating the aforementioned procedure during the sensing
period. As described above, in an embodiment of the present
invention, only pure information from which the error com-
ponents of the amplifier 180 and the error compensator 190
are removed may be extracted, and accordingly, the accuracy
of compensation can be improved. In addition, the error com-
pensator 190 according to this embodiment is used to extract
only a desired voltage by removing error components, and
can be applied to various circuits for amplifying a predeter-
mined current and/or voltage.

[0108] FIG. 9 is a circuit diagram illustrating another
embodiment of the amplifier. In FIG. 9, components identical
to those of FIG. 5 are designated by like reference numerals,
and their detailed descriptions will be omitted.

[0109] Referring to FIG. 9, the amplifier 180 according to
this embodiment includes a current supply unit 182, an elev-
enth transistor M11', a twelfth transistor M12', a twentieth
switch SW20, a twenty-first switch SW21 and a twenty-
second switch 22.
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[0110] Theeleventh transistor M11'is coupled between the
pixel 140 and the ground power source GND. The twentieth
switch SW20 is formed between the pixel 140 and a gate
electrode of the eleventh transistor M11'. When the twentieth
switch SW20 is turned on, the eleventh transistor M11' is
diode-coupled so that current can flow from the pixel 140 and
the ground power source GND.

[0111] The twelfth transistor M12' is coupled between the
current supply unit 182 and the ground power source GND. A
gate electrode of the twelfth transistor M12' is coupled to the
gate electrode of the eleventh transistor M11'. That is, the
twelfth transistor M12' is coupled in the form of a current
mirror to the eleventh transistor M11".

[0112] The twenty-first switch SW21 is coupled between
the gate electrode of the eleventh transistor M11' and the
ground power source GND. [fthe twenty-first switch SW21 is
turned on, the ground power source GND is supplied to the
gate electrodes of the eleventh and twelfth transistors M11'
and M12', and accordingly, the eleventh and twelfth transis-
tors M11' and M12' are turned off.

[0113] Thetwenty-second switch SW22 is formed between
the pixel 140 and a common terminal of the current supply
unit 182 and the error compensator 190. If the twenty-second
switch SW22 is turned on, the pixel 140, the current supply
unit 182 and the error compensator 190 are electrically
coupled to one another.

[0114] FIG. 10 is awaveform diagram illustrating an opera-
tion process of the amplifier shown in FIG. 9.

[0115] Referring to FIG. 10, it is assumed that the third
transistor M3 included in the pixel 140 is first turned on
during the sensing period.

[0116] The twentieth switch SW20 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 twen-
tieth switch SW20 is turned on, the eleventh transistor 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 description will be omitted.

[0117] Thetwenty-first and twenty-second switches SW21
and SW22 are turned on during a period in which the degra-
dation information of the organic light emitting diode OLED
is extracted in the sensing period. If the twenty-first switch
SW21 is turned on, the eleventh and twelfth transistors M11'
and M12' are turned off.

[0118] Ifthe twenty-second switch SW22 is turned on, the
reference current iref from the current supply unit 182 is
supplied to the second power source ELVSS via the anode
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.

[0119] The resistance is changed corresponding to the
degree of degradation of the organic light emitting diode
OLED, and accordingly, degradation information is included
in the set voltage applied to the organic light emitting 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.

[0120] That is, the amplifier 180 according to this embodi-
ment can extract the degradation information of the organic
light emitting diode OLED and the threshold voltage infor-
mation of the first transistor M1 from the pixel 140 while
being driven as a current source or current sink source. In
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addition, the operation process of the error compensator 190
is identical to that described above, and therefore, its detailed
description will be omitted.

[0121] While the present invention 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 vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An organic light emitting display device, comprising:

a plurality of pixels each having a driving transistor and an
organic light emitting diode; and

a sensing unit for extracting at least one of a first informa-
tion including a threshold voltage of the driving transis-
tor or a second information including a degradation of
the organic light emitting diode from a pixel of the
pixels,

wherein the sensing unit includes:

an amplifier for amplifying a voltage corresponding to the
at least one of the first information or the second infor-
mation; and

an error compensator for compensating for error compo-
nents of elements included in the amplifier and the error
compensator.

2. The organic light emitting display device of claim 1,
wherein the error components include offset characteristics,
noises and line resistances of the elements.

3. The organic light emitting display device of claim 1,
wherein the amplifier includes:

an eleventh transistor comprising a second electrode
coupled to the pixel, a first electrode coupled to a ground
power source, and a gate electrode coupled to the second
electrode so that current flows from the pixel to the
ground power source;

a twelfth transistor coupled in the form of a current mirror
to the eleventh transistor; and

a current supply unit for supplying a reference current to
the eleventh transistor.

4. The organic light emitting display device of claim 3,
wherein the twelfth transistor is formed to have a channel
width wider than that of the eleventh transistor.

5. The organic light emitting display device of claim 3,
wherein the reference current is set to have a current value
lower than that of a second current to be flowed in the twelfth
transistor, the second current mirroring a first current sup-
plied to the eleventh transistor.

6. The organic light emitting display device of claim 3,
wherein a common terminal of the current supply unit and the
twelfth transistor is coupled to the error compensator.

7. The organic light emitting display device of claim 3,
wherein the amplifier further includes:

a twentieth switch positioned between the gate electrode

and the second electrode of the eleventh transistor;

a twenty-first switch coupled between the ground power
source and the gate electrodes of the eleventh and
twelfth transistors; and

a twenty-second switch coupled between the pixel and a
common terminal of the current supply unit and the
twelfth transistor.

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

wherein the twentieth switch is configured to be turned on
during a period in which the first information is extracted, and
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the twenty-first and twenty-second switches are configured to
be turned on during a period in which the second information
is extracted.

9. The organic light emitting display device of claim 1,
wherein the 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 ter-
minal and the output terminal of the second OP-AMP.

10. The organic light emitting display device of claim 9,
wherein a first reference power source is supplied to a second
input terminal of the first OP-AMP, and a second reference
power source is supplied to a second input terminal of the
second OP-AMP.

11. The organic light emitting display device of claim 9,
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.

12. The organic light emitting display device of claim 11,
wherein the fifth and sixth switches are configured to 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 are configured to 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.

13. The organic light emitting display device of claim 12,
wherein the fourth switch is configured to be also set to be in
a turn-on state during the first and second periods.

14. The organic light emitting display device of claim 11,
wherein the second storage unit includes:

a second capacitor coupled between tenth and eleventh

nodes;

a ninth switch coupled between the eleventh node and the
first input 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 between the tenth node and the
first input terminal of the second OP-AMP; and

atwelfth switch coupled between the eleventh node and the
output terminal of the second OP-AMP.

15. The organic light emitting display device of claim 14,
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
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the seventh switch, the eighth switch, the 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.

16. The organic light emitting display device of claim 15,
wherein the fourth period is set to be longer than the third
period.

17. The organic light emitting display device of claim 15,
wherein the fourth switch, the eleventh switch and the twelfth
switch are configured to be turned on during a period after the
fourth period.

18. The organic light emitting display device of claim 1,
further comprising:

a data driver for supplying a data signal to data lines

coupled to the pixels;

a scan driver for supplying a scan signal to scan lines
coupled to the pixels; and

a timing controller for changing bits of data supplied from
the outside thereof and providing the data driver with the
changed bits, corresponding to the at least one of the first
information or the second information.

19. The organic light emitting display device of claim 18,

wherein the sensing unit further includes:

an analog-digital converter for converting a voltage sup-
plied from the error compensator into a digital value; and

a memory for storing the digital value and providing the
stored value to the timing controller so that the bits of the
data are changed.

20. The organic light emitting display device of claim 1,
wherein each ofthe pixels includes another transistor coupled
between the sensing unit and a common node between the
driving transistor and the organic light emitting diode, and is
configured to be turned on during the period in which the at
least one of the first information or the second information is
extracted.

21. An error compensator, comprising:

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 first storage unit coupled between the output terminal of
the first OP-AMP and the first input terminal of the
second OP-AMP, and for changing a voltage at the out-
put terminal of the first OP-AMP and supplying the
changed voltage to the first input terminal of the second
OP-AMP; and

a second storage unit coupled between the first input ter-
minal and the output terminal of the second OP-AMP.
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22. The error compensator of claim 21, wherein a first
reference power source is supplied to a second input terminal
of the first OP-AMP, and a second reference power source is
supplied to a second input terminal of the second OP-AMP.

23. The error compensator of claim 22, wherein the first
input terminal is a negative (-) input terminal, and the second
input terminal is a positive (+) input terminal.

24. The error compensator of claim 21, 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.

25. The error compensator of claim 24, wherein the fifth
and sixth switches are configured to 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 are configured
to 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.

26. The error compensator of claim 24, wherein the second
storage unit includes:

a second capacitor coupled between tenth and eleventh
nodes;

a ninth switch coupled between the eleventh node and the
first input 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 between the tenth node and the
first input terminal of the second OP-AMP; and

atwelfth switch coupled between the eleventh node and the
output terminal of the second OP-AMP.

27. The error compensator of claim 26, wherein, after a set
voltage is charged in the third and fourth capacitors, the fifth
switch, the sixth switch, the ninth switch and the tenth switch
are configured to be turned on so that a voltage is primarily
stored in the second capacitor, and the seventh switch, the
eighth switch, the eleventh switch and the twelfth switch are
configured to be turned on so that a voltage is secondarily
stored in the second capacitor.

* #* * #* #®
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