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CURRENT INTEGRATOR AND ORGANIC
LIGHT-EMITTING DISPLAY COMPRISING
THE SAME

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0170200, filed in the Republic
of Korea on Dec. 1, 2015, the entire contents of which is
incorporated herein by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates to a current integrator
and an organic light-emitting display comprising the same.
[0004] Discussion of the Related Art

[0005] An active-matrix organic light-emitting display
includes self-luminous organic light emitting diodes (here-
inafter, “OLEDs”), and has the advantages of fast response
time, high luminous efficiency, high luminance, and wide
viewing angle.

[0006] An OLED, which is a self-luminous element,
includes an anode, a cathode and organic compound layers
HIL, HTL, EML, ETL, and EIL formed between the anode
and the cathode. The organic compound layers comprise a
hole injection layer HIL, a hole transport layer HTL, an
emission layer EML, an electron transport layer ETL, and an
electron injection layer EIL. When an operating voltage is
applied to the anode and the cathode, a hole passing through
the hole transport layer HTL and an electron passing through
the electron transport layer ETL. move to the emission layer
EML, forming an exciton. As a result, the emission layer
EML generates visible light.

[0007] An organic light-emitting display has pixels
arranged in a matrix, each pixel comprising an OLED, and
adjusts the brightness of the pixels according to the gray-
scale of video data. Each pixel includes a driving element—
i.e., driving TFT (thin film transistor)—that controls driving
current flowing through the OLED in accordance with a
voltage Vgs applied between its gate electrode and source
electrode. The electrical characteristics of the driving TFTs,
such as threshold voltage, mobility, etc., deteriorate with the
passage of operation time and may vary from pixel to pixel.
Such variations in the electrical characteristics of the driving
TFTs cause differences in brightness between the pixels,
thus making it difficult to realize a desired image.

[0008] As a way to compensate for variations in the
electrical characteristics of the driving TFTs, internal com-
pensation and external compensation are well known. In
internal compensation, variations in threshold voltage
between the driving TFTs are automatically compensated for
within a pixel circuit. For internal compensation, the driving
current flowing through the OLED should be determined
regardless of the threshold voltage of the driving TFT, which
makes the configuration of the pixel circuit quite compli-
cated. Moreover, internal compensation is not suitable for
compensating for variations in mobility between the driving
TFTs.

[0009] In external compensation, sensed voltages and cur-
rents that match the electrical characteristics (threshold
voltage and mobility) of the driving TFTs are measured, and
an external circuit connected to a display panel modulates
video data based on these sensed voltages, thereby compen-
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sating for variations in electrical characteristics. A lot of
research is going on today regarding this external compen-
sation approach.

[0010] In the conventional external compensation
approach, a data driver circuit receives a sensed voltage
directly from each pixel through a sensing line, converts this
sensed voltage to a digital sensed value, and then feeds it to
a timing controller. The timing controller compensates for
variations in the electrical characteristics of the driving TFTs
by modulating digital video data based on the digital sensed
value.

[0011] The driving TFTs are current elements, so their
electrical characteristics are accounted for by the amount of
electrical current Ids flowing between the drain and source
in response to a certain gate-source voltage Vgs.

[0012] The data driver circuit for the external compensa-
tion approach includes a sensing part that senses the elec-
trical characteristics of the driving TFTs. The sensing part
includes an integrator made up of an amplifier AMP, an
integrating capacitor CFb, and a switch SW. In the integra-
tor, the amplifier AMP includes an inverting input terminal
(-) that receives the source-drain current Ids of the driving
TFTs, a non-inverting input terminal (+) that receives a
reference voltage Vref, and an output terminal that produces
an integral, the integrating capacitor Cfb is connected
between the non-inverting input terminal (-) and output
terminal of the amplifier AMP, and the switch SW is
connected to both ends of the integrating capacitor Ctb.
[0013] Each of a plurality of amplifiers AMP correspond-
ing to a plurality of sensing lines has an offset voltage, and
the offset voltage of the amplifier AMP is included in the
integral produced from the output terminal of the amplifier
AMP. Referring to FIG. 1, each amplifier AMP has a
different offset voltage. In FIG. 1, the X-axis indicates the
numbers of a plurality of sensing lines electrically connected
respectively to a plurality of amplifiers AMP, and the V axis
indicates the offset voltage which is output for each sensing
line.

[0014] Since each amplifier AMP has a different offset
voltage, the integral produced from their output terminal
changes with the offset voltage even if substantially the same
amount of current is input into the input terminal of each
amplifier AMP. The integral has a large degree of dispersion
due to the differences in offset voltage between the ampli-
fiers AMP. Referring to FIG. 2, the large degree of dispersion
of values of the integral makes it difficult to obtain accurate
sensed values. In FIG. 2, the X-axis indicates the output
voltage for each sensing line, which is sensed based on the
integral, and the Y-axis indicates frequency.

[0015] There is a large dispersion among values of the
sensed voltage around =50 and 50. When compensating for
variations in the electrical characteristics of the pixels by
using the sensed voltage values, there may be problems with
the compensation characteristics regarding pixel compensa-
tion.

SUMMARY OF THE INVENTION

[0016] The present invention provides an organic light-
emitting display including a display panel having sensing
lines connected to pixels; a current integrator that receives
current from the pixels through the sensing lines connected
to a first input terminal and receives a reference voltage
through a reference voltage line connected to a second input
terminal and that swaps the path through which the current
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applied through the first input terminal flows and the path
through which the reference voltage applied through the
second input terminal is supplied; a sampling part that
includes a first sample & hold circuit for sampling a first
output voltage of the current integrator and a second sample
& hold circuit for sampling a second output voltage of the
current integrator, subsequent to the first output voltage, and
that outputs the voltages sampled by the first and second
sample & hold circuits simultaneously through a single
output channel; and an analog-to-digital converter that con-
verts the voltages received from the single output channel of
the sampling part to digital sensed values and outputs the
digital sensed values.

[0017] In another aspect, the present invention provides a
current integrator including an amplifier having a first input
terminal, a second input terminal, and an output terminal for
outputting an output voltage; an integrating capacitor con-
nected between the first input terminal and output terminal
of the amplifier; and a reset switch connected to both ends
of the integrating capacitor, in which the amplifier includes
a swapping part that receives current from pixels through the
first input terminal and receives a reference voltage through
the second input terminal and that swaps the path through
which the current applied through the first input terminal
flows and the path through which the reference voltage
applied through the second input terminal is supplied.
[0018] The present invention allows for obtaining sensed
values that are more accurate by compensating for variations
in offset voltage between current integrators, and enables
panel compensation using the more accurate sensed values,
thereby improving the reliability of sensing and compensa-
tion.

[0019] Moreover, the present invention can greatly reduce
sensing time by implementing low-current and fast sensing
of variations in the electrical characteristics of driving
elements by a current sensing method using current integra-
tors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0021] FIG. 1 is a view showing various offset voltages
output from different current integrators according to the
related art;

[0022] FIG. 2 is a view showing a large dispersion of
output voltages respectively including the offset voltages
output from the current integrators according to the related
art;

[0023] FIG. 3 is a block diagram showing main compo-
nents for implementing current sensing according to an
embodiment of the present invention;

[0024] FIG. 4 shows an organic light-emitting display
according to an embodiment of the present invention;
[0025] FIG. 5 shows a pixel array formed on the display
panel of FIG. 4 and the configuration of a data driver IC for
implementing a current sensing method according to an
embodiment of the present invention;

[0026] FIG. 6 shows amplifiers AMP embedded in a
sensing block and a sampling part, in a data driver IC for
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implementing a current sensing method according to an
embodiment of the present invention;

[0027] FIG. 7A shows the configuration of a pixel to
which a current sensing method is applied and a detailed
configuration of a current integrator and a sampling part that
are sequentially connected to the pixel according to an
embodiment of the present invention;

[0028] FIG. 7B is a view showing a detailed configuration
of an amplifier according to an embodiment of the present
invention;

[0029] FIG. 8 shows the waveforms of driving signals
applied to FIG. 7A for current sensing and the output
voltages resulting from current sensing according to an
embodiment;

[0030] FIG. 9 shows a swapping part operating in a first
state mode and the resultant output voltage according to an
embodiment;

[0031] FIG. 10 shows a swapping part operating in a
second state mode and the resultant output voltage according
to an embodiment;

[0032] FIG. 11 is a view showing offset voltages that are
output from current integrators according to an embodiment
of the present invention; and

[0033] FIG. 12 is a view showing the averaging of the
output voltages including the offset voltages output from the
current integrators according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings.

[0035] Hereinafter, an embodiment of the present inven-
tion will be described with reference to FIGS. 3 to 10.
[0036] FIG. 3 is a block diagram showing main compo-
nents for implementing current sensing according to an
embodiment of the present invention.

[0037] Referring to FIG. 3, a data driver IC (SDIC) 12
includes a sensing block (SB) 124, a sampling part (SH) 124,
and an analog-to-digital converter (hereinafter, “ADC”), and
current data is sensed by the pixels of a display panel 10.
[0038] The sensing block (SB) 12a includes a plurality of
current integrators (CI) 12a1 and amplifiers AMP disposed
within the current integrators (CI) 12a1, and integrates the
current data input from the display panel 10. A swapping
part 1242 is disposed within each amplifier AMP, a first
offset voltage is included in a first output voltage that is
output from the sensing block (SB) 12a through the swap-
ping part 1242, and a second offset voltage is included in a
second output voltage. A sampling part (SH) 126 samples
the first and second output voltages including the first or
second offset voltage, and delivers the sampled voltages
simultaneously to the ADC 12C through a single output
channel. The ADC 12C converts a voltage received from the
single output channel of the sampling part (SH) 1256 to a
digital sensed value and then feeds it to a timing controller
11. The timing controller 11 derives compensation data for
compensating for threshold voltage variations and mobility
variations based on the digital sensed value, modulates
image data for image display using this compensation data,
and then feeds it to a data driver IC (SDIC) 12. The
modulated image data is converted into a data voltage for
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image display by the data driver IC (SDIC) 12, and then the
data voltage is applied to the display panel.

[0039] In the present invention, in order to compensate for
variations in offset voltage between the current integrators
(CI) 1241 of the sensing block (SB) 12a, the swapping part
1242 is embedded in each of the amplifiers AMP disposed
within the data driver IC (SDIC) 12, and the swapping part
1242 swaps the first output voltage including the first offset
voltage and the second output voltage including the second
offset voltage to alternately output the first or second output
voltages.

[0040] The current integrator (CI) 1241 swaps the path for
current from a first input terminal and the path for a
reference voltage from a second input terminal. The output
terminal of the current integrator (CI) 12al outputs the first
output voltage including the first offset voltage and the
second output voltage including the second offset voltage.
The sampling part (SH) 125 sequentially stores the first
output voltage and the second output voltage.

[0041] The present invention can greatly reduce sensing
time by implementing low-current and fast sensing by a
current sensing method using the current integrators (CI)
12al. Moreover, the present invention can greatly improve
the accuracy of compensation because variations in offset
voltage between the current integrators (CI) 12al can be
compensated for by the amplifiers AMP embedded in the
sensing block and the sampling part 125 SH. Now, the
technical idea of the present invention will be described
concretely through embodiments.

[0042] FIG. 4 shows an organic light-emitting display
according to an embodiment of the present invention. FIG.
5 shows a pixel array formed on the display panel of FIG.
4 and the configuration of a data driver IC for implementing
a current sensing method. FIG. 6 shows amplifiers AMP
embedded in a sensing block (SB) 12a and a sampling part
124, in a data driver IC for implementing a current sensing
method.

[0043] Referring to FIGS. 4 to 6, the organic light-emit-
ting display according to an embodiment of the present
invention includes a display panel 10, a timing controller 11,
a data driver circuit 12, and a gate driver circuit 13.

[0044] A plurality of data lines 14A and sensing lines 14B
and a plurality of gate lines 15 intersect each other on the
display panel 10, and pixels P are arranged in a matrix at
every intersection.

[0045] Each pixel P is connected to one of the data lines
14A, one of the sensing lines 14B, and one of the gate lines
15. In response to a gate pulse input through a gate line 15,
each pixel P is electrically connected to a data voltage
supply line 14A and receives a data voltage from the data
voltage supply line 14A, and outputs a sensing signal
through a sensing line 14B.

[0046] Each pixel P receives a high-level driving voltage
EVDD and a low-level driving voltage EVSS from a power
generator. For external compensation, each pixel P of this
invention can include an OLED, a driving TFT, first and
second switching TFTs, and a storage capacitor. The TFTs of
each pixel P may be implemented as p-type or n-type. A
semiconductor layer of the TFTs of each pixel P may
comprise amorphous silicon, polysilicon, or an oxide.

[0047] Each pixel P may operate differently in normal
operation for displaying an image and in sensing operation
for obtaining sensed values. The sensing operation may be
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performed for a predetermined length of time before the
normal operation or in vertical blanking intervals during the
normal operation.

[0048] The normal operation may be achieved by the
driving operations of the data driver circuit 12 and gate
driver circuit 13 under control of the timing controller 11.
The sensing operation may be achieved by the sensing
operations of the data driver circuit 12 and gate driver circuit
13 under control of the timing controller 11. An operation of
deriving compensation data for variation compensation
based on sensing results and an operation of modulating
digital video data using compensation data are performed by
the timing controller 11.

[0049] The data driver circuit 12 includes at least one data
driver IC (integrated circuit) SDIC. The data driver IC
(SDIC) includes a plurality of digital-to-analog converters
(hereinafter, “DAC”) connected to the respective data lines
14A, a sensing block (SB) 124 connected to the sensing lines
14B through sensing channels CH1 to CHn, a sampling part
(SH) 125 that includes a plurality of sample & hold circuits
for sampling the output voltages of the current integrators
and that outputs the voltages sampled by the sample & hold
circuits simultaneously through a single output channel, and
an ADC 12C connected to the sampling part (SH) 125. The
data driver IC (SDIC) includes swapping parts 1242 embed-
ded in the sensing block (SB) 12a.

[0050] In normal operation, the DAC of the data driver IC
(SDIC) converts digital video data RGB to a data voltage for
image display and supplies it to the data lines 14A, in
response to a data timing control signal DDC applied from
the timing controller 11. In sensing operation, the DAC of
the data driver IC (SDIC) generates a data voltage for
sensing and supplies it to the data lines 14A, in response to
a data timing control signal DDC applied from the timing
controller 11.

[0051] The sensing block (SB) 12a of the data driver IC
(SDIC) includes a current amplifier that receives current
from the pixels through the sensing lines of the pixels
connected to a first input terminal and receives a reference
voltage through a reference voltage line connected to a
second input terminal, and swaps the path for the current
applied through the first input terminal and the path for the
reference voltage applied through the second input terminal.
The ADC 12C of the data driver IC (SDIC) sequentially and
digitally processes the output voltages from the sensing
block 12a and feeds them to the timing controller 11. The
sampling part 125 includes a first sample & hold circuit SH1
disposed between the sensing block (SB) 124 and the ADC
12C to sample a first output voltage of the current integrator
(CI) 1241 and a second sample & hold circuit SH2 disposed
between the sensing block (SB) 124 and the ADC 12C to
sample a second output voltage of the current integrator (CI)
12al, subsequent to the first output voltage. The sampling
part 125 outputs the voltages sampled by the first and second
sample & hold circuits SH1 and SH2 simultaneously
through a single output channel.

[0052] The data driver IC (SDIC) includes an amplifier
AMP. The swapping part 1242 disposed within the amplifier
AMP includes swap switches S1 and S2 for compensating
for variations in offset voltage between the current integra-
tors (CI) 12a1. The sampling part 125 includes a first sample
& hold circuitSH1 and a second sample & hold circuitSH2.
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The sample & hold circuits comprise sample switches Q11
to Q1n, average capacitors C1 to Cn, and hold switches Q21
to Q2n, respectively.

[0053] The swapping part 1242 includes a plurality of
swap switches S1 and S2. The swap switches S1 and S2
comprise first swap switches S1 that are switched on to
allow the current integrator (CI) 1241 to output a first output
voltage including a first offset voltage and second swap
switches S2 that are switched on to allow the current
integrator (CI) 1241 to output a second output voltage
including a second offset voltage with the opposite polarity
of the first offset voltage.

[0054] The sampling part 125 includes sample switches
Q11 to Qln that perform control such that the first and
second output voltages from the current integrator (CI) 124l
are sequentially stored in average capacitors C1 to Cn, the
average capacitors that sequentially store the first and sec-
ond output voltages, and hold switches Q21 to Q2n that
perform control such that the first and second output volt-
ages stored in the average capacitors C1 to Cn are output
simultaneously through a single output channel.

[0055] In normal operation, the gate driver circuit 13
generates a gate pulse for image display based on a gate
control signal GDC, and then sequentially supplies it to the
gate lines 15 in a line-sequential manner L#1, [#2, etc. In
sensing operation, the gate driver circuit 13 generates a gate
pulse for sensing based on a gate control signal GDC, and
then sequentially supplies it to the gate lines 15 in a
line-sequential manner L#1, [#2, etc. The gate pulse for
sensing may have a wider on-pulse period than the gate
pulse for image display. The on-pulse period of the gate
pulse for sensing corresponds to per-line sensing ON time.
Here, the per-line sensing ON time is the amount of scan
time spent on simultaneously sensing 1 line of pixels L#1,
L#2, etc.

[0056] The timing controller 11 generates a data control
signal DDC for controlling the operation timing of the data
driver circuit 12 and a gate control signal GDC for control-
ling the operation timing of the gate driver circuit 13, based
on timing signals such as a vertical synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a dot
clock signal DCLK, a data enable signal DE, etc. The timing
controller 11 detects normal operation and sensing operation
based on a predetermined reference signal (driving power
enable signal, vertical synchronization signal, data enable
signal, etc.), and generates a data control signal DDC and a
gate comntrol signal GDC according to the operation type.
Moreover, the timing controller 11 may generate additional
control signals (signals for controlling the swapping part
12a2, including RST, SAM, HOLD, etc.) required for sens-
ing operation.

[0057] In sensing operation, the timing controller 11 may
feed to the data driver circuit 12 digital data that matches a
data voltage for sensing. The timing controller 11 applies a
digital sensed value SD fed from the data driver circuit 12
to a stored compensation algorithm, derives a threshold
voltage variation AVth and a mobility variation AK, and then
stores compensation data for variation compensation in a
memory.

[0058] In normal operation, the timing controller 11
modulates digital video data RGB for image display based
on the compensation data stored in the memory, and then
feeds it to the data driver circuit 12.
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[0059] FIG. 7A shows the configuration of a pixel to
which a current sensing method of the present invention is
applied and a detailed configuration of a current integrator
and a sampling part that are sequentially connected to the
pixel. FIG. 8 shows the waveforms of driving signals
applied to FIG. 7A for current sensing and the output
voltages resulting from current sensing. FIG. 9 shows a
swapping part operating in a first state mode. FIG. 10 shows
a swapping part operating in a second state mode.

[0060] FIGS. 7A to 10 are merely an example given to
help understanding of how current sensing works. The pixel
structure to which the current sensing method of this inven-
tion is applied and its operation timing may be modified in
various ways, so the technical spirit of the present invention
is not limited to this embodiment.

[0061] Referring to FIGS. 7A and 7B, a pixel PIX of this
invention may comprise an OLED, a driving TFT (thin film
transistor) DT, a storage capacitor Cst, a first switching TFT
ST1, and a second switching TFT ST2.

[0062] The OLED includes an anode connected to a
second node N2, a cathode connected to an input terminal of
alow-level driving voltage EVSS, and an organic compound
layer positioned between the anode and the cathode. The
driving TFT DT controls the amount of current input into the
OLED in response to a gate-source voltage Vgs. The driving
TFT DT includes a gate electrode connected to a first node
N1, a drain electrode connected to an input terminal of a
high-level driving voltage EVDD, and a source electrode
connected to the second node N2. The storage capacitor Cst
is connected between the first node N1 and the second node
N2. The first switching TFT ST1 applies a data voltage
Vdata on a data voltage supply line 14A to the first node N1
in response to a gate pulse SCAN. The first switching TFT
ST1 includes a gate electrode connected to a gate line 15, a
drain electrode connected to the data voltage supply line
14A, and a source electrode connected to the first node N1.
The second switching TFT ST2 switches on the current flow
between the second node N2 and a sensing line 14B in
response to the gate pulse SCAN. The second switching TET
ST2 includes a gate electrode connected to the gate line 15B,
a drain electrode connected to the sensing line 14B, and a
source node connected to the second node N2.

[0063] The amplifier AMP of this invention includes a
swapping part 1242. The amplifier AMP includes a first
input terminal 1P1, a second input terminal IP2, and an
output terminal that outputs a first output voltage or a second
output voltage. The first input terminal IP1 comprises a first
external input terminal IP11 connected to the sensing line
14B and a first internal input terminal IP12 connected to the
first external input terminal IP11. The second input terminal
IP2 includes a second external input terminal connected to
a reference voltage line Vref and a second internal input
terminal IP22 connected to the second external input termi-
nal IP21.

[0064] The swapping part 1242 is disposed between the
first external input terminal IP11 and the first internal input
terminal IP12 and between the second external input termi-
nal P21 and the second internal input terminal P22, and
swaps the current path and the reference voltage path. The
swapping part 12a2 includes first swap switches S1 that
cause the current integrator (CI) 1241 to output a first output
voltage including a first offset voltage and second swap
switches S2 that cause the current integrator (CI) 1241 to
output a second output voltage including a second offset
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voltage. The first swap switches S1 comprise: an eleventh
swap switch S11 with one end electrically connected to the
first external input terminal P11, and the other end electri-
cally connected to the first internal input terminal IP21; and
a twelfth swap switch S12 with one end electrically con-
nected to the second external input terminal 1P21, and the
other end electrically connected to the second internal input
terminal IP22. The second swap switches S2 comprise: a
twenty-first swap switch S21 with one end electrically
connected commonly to the second external input terminal
1P21 and one end of the twelfth swap switch S12, and the
other end electrically connected to the other end of the
eleventh swap switch S11 and the first internal input termi-
nal IP12; and a twenty-second swap switch S22 with one end
electrically connected commonly to the first external input
terminal P11 and one end of the eleventh swap switch S11,
and the other end electrically connected to the other end of
the twelfth swap switch S12 and the second internal input
terminal [P22.

[0065] The current integrator (CI) 12al including the
amplifier AMP includes an integrating capacitor Cfb con-
nected between the first input terminal IP1 and output
terminal of the amplifier AMP, and a reset switch SW1
connected to both ends of the integrating capacitor Ctb.
[0066] The sampling part (SH) 125 includes a first sample
& hold circuit SH1 disposed between the sensing block (SB)
124 and the ADC 12C to sample a first output voltage of the
current integrator (CI) 1241, and a second sample & hold
circuit SH2 disposed between the sensing block (SB) 12a
and the ADC 12C to sample a second output voltage of the
current integrator (CI) 12al, subsequent to the first output
voltage.

[0067] The sample & hold circuits comprise sample
switches Q11 to Q1n, average capacitors C1 to Cn, and hold
switches Q21 to Q2n, respectively.

[0068] The first to nth sample & hold circuits SH1 to SHn
are disposed in parallel. The sample switches Q11 to Qln
comprise first to nth sample switches Q11 to Q1n (where “n”
is a natural number greater than or equal to 2), the average
capacitors C1 to Cn comprise first to nth average capacitors
Cn (where “n” is a natural number greater than or equal to
2), and the hold switches Q21 to Q2n comprise first to nth
hold switches Q21 to Q2n (where “n” is a natural number
greater than or equal to 2).

[0069] One end of the first sample switch Q11 is electri-
cally connected to the output terminal of the current inte-
grator CI, and the other end is electrically connected com-
monly to one end of the first average capacitor C1 and one
end of the first hold switch Q21. The other end of the first
average capacitor C1 is electrically connected to a ground
voltage GND. The other end of the first hold switch Q21 is
electrically connected to the ADC 12C. One end of the
second sample switch Q12 is electrically connected com-
monly to the output terminal of the current integrator CI and
one end of the first sample switch Q11, and the other end is
electrically connected commonly to one end of the second
average capacitor C2 and one end of the second hold switch
Q22. The other end of the second average capacitor C2 is
electrically connected to the ground voltage GND. The other
end of the second hold switch Q22 is electrically connected
commonly to the ADC 12C and the other end of the first hold
switch Q21. One end of the third sample switch Q13 is
electrically connected commonly to the output terminal of
the current integrator CI, one end of the first sample switch
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Q11, and one end of the second sample switch Q12, and the
other end is electrically connected commonly to one end of
the third average capacitor C3 and one end of the third hold
switch Q23. The other end of the third average capacitor C3
is electrically connected to the ground voltage GND. The
other end of the third hold switch Q23 is electrically
connected commonly to the ADC 12C, the other end of the
first hold switch Q21, and the other end of the second hold
switch Q22. One end of the fourth sample switch Q14 is
electrically connected commonly to the output terminal of
the current integrator CI, one end of the first sample switch
Q11, one end of the second sample switch Q12, and one end
of the third sample switch Q13, and the other end is
electrically connected commonly to one end of the fourth
average capacitor C4 and one end of the fourth hold switch
Q24. The other end of the fourth average capacitor C4 is
electrically connected to the ground voltage GND. The other
end of the fourth hold switch Q24 is electrically connected
to commonly to the ADC 12C, the other end of the first hold
switch Q21, the other end of the second hold switch Q22,
and the other end of the third hold switch Q23.

[0070] While the above shows that the first to fourth
sample switches Q11 to Q14 are all connected to the output
terminal of the current integrator CI, the present invention is
not limited to this, and the first to fourth sample switches
Q11 to Q14 may be connected to the output terminals of a
plurality of current integrators CI, respectively. While the
above shows that a plurality of hold switches are provided,
the present invention is not limited to this, and one hold
switch Q21 may be electrically connected commonly to the
other ends of the first to fourth average capacitors C1 to C4.
[0071] Referring to FIG. 8, a sensing operation includes a
sensing & sampling period B and a standby period C.
[0072] In a reset period A, the amplifier AMP operates as
a gain buffer unit with a gain of 1 by the turn-on of the reset
switch SW1. In the reset period A, the first and second input
terminals IP1 and IP2 and output terminal of the amplifier
AMP, the sensing line 14B, and the second node N2 are all
reset to a reference voltage Vref.

[0073] In the reset period A, a data voltage for sensing
Vdata-SEN is applied to the first node NI through the DAC
of the data driver IC (SDIC). Thus, the driving TFT DT
becomes stable as a source-drain current Ids corresponding
to a potential difference {(Vdata-SEN)-Vref} between the
first node N1 and the second node N2 flows through it.
However, the amplifier AMP continues to operate as the gain
buffer unit during the reset period A, so the voltage level of
the output terminal is maintained at the reference voltage
Vref.

[0074] In the sensing & sampling period B, the amplifier
AMP operates as a current integrator (CT) 1241 by turning
off (e.g., opening) the reset switch SW1, and integrates the
source-drain current Ids flowing through the driving TFT
DT. The sensing & sampling period B may be divided into
a first state mode and a second state mode. The first state
mode is defined as a period in which the swap switches S1
and S2 are controlled to output a first output voltage includ-
ing a first offset voltage during the sensing & sampling
period B. The second state mode is defined as a period in
which the swap switches S1 and S2 are controlled to output
a second output voltage including a second offset voltage
during the sensing & sampling period B.

[0075] Referring to FIG. 8 and (a) of FIG. 9, in the sensing
& sampling period of the first state mode, as the sensing time
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passes, that is, more current is accumulated, the potential
difference between both ends of the integrating capacitor
Ctb increases due to the electrical current Ids flowing into
the first external input terminal IP11 of the amplifier AMP
through the eleventh swap switch S11. In the context of the
characteristics of the amplifier AMP, it would be ideal that
the first input terminal TP1 and the second input terminal TP2
are shorted to a virtual ground, leaving a potential difference
of zero between them; however, a first offset voltage other
than zero is generated. The first offset voltage is positive. As
shown in (b) of FI1G. 9, in the sensing & sampling period B,
the potential at the first input terminal IP1 is maintained at
a first output voltage, which is the sum of the reference
voltage Vref and the first offset voltage, regardless of an
increase in the potential difference across the integrating
capacitor Ctb. Instead, the potential at the output terminal of
the amplifier AMP decreases corresponding to the potential
difference between both ends of the integrating capacitor
Ctb.

[0076] Based on this principle, in the sensing & sampling
period B, the electrical current Ids flowing through the
sensing line 14B is generated as the first output voltage
through the integrating capacitor Cfb. The first output volt-
age is an integral produced by adding the first offset voltage.
The falling slope of the first output voltage Vout of the
current integrator (CI) 12al increases as more current Ids
flows through the sensing line 14B. Thus, the greater the
amount of current Ids, the lower the value of the integral
Vsen. In the sensing & sampling period B, the first sample
switch Q11 turns on in synchronization with the first swap
switches S1, and the first hold switch Q21 turns off. Accord-
ingly, the first output voltage is stored in the first average
capacitor C1 through the first sample switch Q11.

[0077] Referring to FIG. 8 and (a) of FIG. 10, in the
sensing & sampling period of the second state mode, as the
sensing time passes, that is, more current is accumulated, the
potential difference between both ends of the integrating
capacitor Cfb increases due to the electrical current Ids
flowing into the second external input terminal P21 of the
amplifier AMP through the twenty-first swap switch S21. In
the context of the characteristics of the amplifier AMP, it
would be ideal that the first input terminal IPI and the second
input terminal IP2 are shorted to a virtual ground, leaving a
potential difference of zero between them; however, a sec-
ond offset voltage other than zero is generated. The second
offset voltage is negative. Referring to (b) of FIG. 10, in the
sensing & sampling period B, the potential at the first input
terminal IP1 is maintained at a second output voltage, which
is the sum of the reference voltage Vref and the second offset
voltage, regardless of an increase in the potential difference
across the integrating capacitor Cfb. Instead, the potential at
the output terminal of the amplifier AMP decreases corre-
sponding to the potential difference between both ends of the
integrating capacitor Ctb.

[0078] Based on this principle, in the sensing & sampling
period B, the electrical current Ids flowing through the
sensing line 14B is generated as the second output voltage
through the integrating capacitor Cfb. The second output
voltage is an integral produced by adding the second offset
voltage. The falling slope of the second output voltage Vout
of the current integrator (CI) 1241 increases as more current
1ds flows through the sensing line 14B. Thus, the greater the
amount of current Ids, the lower the value of the integral
Vsen. In the sensing & sampling period B, the second
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sample switch Q12 turns on in synchronization with the
second swap switches S2, and the second hold switch Q22
turns off. Accordingly, the second output voltage is stored in
the second average capacitor C2 through the second sample
switch Q12.

[0079] In the sensing & sampling period B, one of the first
to fourth samples switches Q11 to Q14 turns on in synchro-
nization with the first swap switches S1 or the second swap
switches S2. For example, when the first swap switches S1
turn on, an electrical current applied through the first input
terminal IP1 of the amplifier AMP is supplied to a current
path formed between the first external input terminal P11
and the first internal input terminal IP12, and a reference
voltage applied through the second input terminal IP2 is
supplied to a reference voltage path formed between the
second external input terminal IP21 and the second internal
input terminal IP22. Accordingly, the current is supplied to
the amplifier AMP through the first external input terminal
IP11 and the first internal input terminal IP12, and the
reference voltage is supplied to the amplifier AMP through
the second external input terminal IP21 and the second
internal input terminal [P22. The first output voltage (includ-
ing the first offset voltage) is output through the integrating
capacitor Cfb and the output terminal of the amplifier AMP,
and the first output voltage is stored in the first average
capacitor C1 through the first sample switch Q11 which
turns on in synchronization with the first swap switches S1.
[0080] On the other hand, when the second swap switches
S2 turn on, an electrical current applied through the first
input terminal IP1 of the amplifier AMP is supplied to a
current path formed between the first external input terminal
IP11 and the second internal input terminal IP22, and a
reference voltage applied through the second input terminal
1P2 is supplied to a reference voltage path formed between
the second external input terminal [P21 and the first internal
input terminal IP21. Accordingly, the current is supplied to
the amplifier AMP through the first external input terminal
IP11 and the second internal input terminal IP22, and the
reference voltage is supplied to the amplifier AMP through
the second external input terminal TP21 and the first internal
input terminal IP12. The second output voltage (including
the second offset voltage) is output through the integrating
capacitor Ctb and the output terminal of the amplifier AMP,
and the second output voltage is stored in the second average
capacitor C2 through the second sample switch Q12 which
turns on in synchronization with the second swap switches
S2.

[0081] Inthis way, when the first swap switches S1 and the
second swap switches S2 are sequentially operated in an
alternating manner, the first output voltage and the second
output voltage are sequentially output and sequentially
stored in the third average capacitor C3 and the fourth
average capacitor C4. In other words, the first and second
swap switches (81, S2) allow the inputs to be swapped for
the amplifier AMP in the current integrator (CI), from
receiving the current from sensing line 14B to receiving the
reference voltage, or vice versa.

[0082] While the above description shows that the first to
fourth sample switches Q11 to Q14 turn on sequentially, the
present invention is not limited to this. The first to fourth
sample switches Q11 to Q14 may turn on in random order.
While the first to fourth sample switches Q11 to Q14 are
operating, the first to fourth hold switches Q21 to Q24
remain in the off state.
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[0083] As described above, once the first output voltage
(including the first offset voltage) or the second output
voltage (including the second offset voltage) is stored in the
first to fourth average capacitors C1 to C4, the first to fourth
sample switches Q11 to Q14 all turn on under the control of
the timing controller 11, and the first to fourth hold switches
Q21 to Q24 turn on simultaneously.

[0084] Once the first to fourth hold switches Q21 to Q24
turn on simultaneously, the average capacitors C1 to Cn
produce output simultaneously through a single output chan-
nel. As the average capacitors C1 to Cn produce output
simultaneously through a single output channel, the first
output voltages and second output voltages stored in the
average capacitors C1 to Cn may be averaged to a constant
voltage and distributed. Accordingly, the first output volt-
ages or second output voltages stored in the average capaci-
tors C1 to Cn may be sampled and output as the average
output voltage. The sampled average output voltage is input
into the ADC through the hold switches Q21 to Q2n and a
single output channel.

[0085] The sampled average output voltage is converted to
a digital sensed value SD in the ADC and then fed to the
timing controller 11. The digital sensed value SD is used for
the timing controller 11 to derive a threshold voltage varia-
tion AVth and mobility variation AK between the driving
TFTs. The timing controller 11 pre-stores the capacitance of
the integrating capacitor Cfb, the reference voltage Vref, and
the sensed value Tsen in digital code. Accordingly, the
timing controller 11 may calculate the source-drain current
1ds=Cfb*AV/At (where AV=Vref-Vsen and At=Tsen) flow-
ing through the driving TFT DT based on the digital sensed
value SD, which is a digital code for the sampled output
voltage. The timing controller 11 applies the source-drain
current Ids flowing through the driving TFT DT to a com-
pensation algorithm to derive variations (a threshold voltage
variation AVth and a mobility variation AK). The compen-
sation algorithm may be implemented as a look-up table or
a logic calculation.

[0086] The ADC 12C digitally processes the sampled
average output voltage from the sampling part 125, gener-
ates digital sensed values for compensation of variations in
offset voltage, and feeds them to the timing controller 11.
The timing controller 11 may calculate variations in offset
voltage between the current integrators (CT) 12al based on
the digital sensed values for compensation of variations in
offset voltage, and compensate for these calculated varia-
tions.

[0087] The standby time C is a period of time from the end
of the sensing & sampling period B until the start of the reset
period A.

[0088] Moreover, the capacitance of the integrating
capacitor Cfb included in the current integrator (CI) 124l of
this invention is hundreds of times lower than the capaci-
tance of the parasitic capacitor existing in the sensing line.
Hence, the current sensing method of this invention can
significantly reduce the time it takes to receive electrical
current Ids until it reaches an integral Vsen that enables
sensing, compared to the conventional voltage sensing
method.

[0089] Further, in the conventional voltage sensing
method, when sensing a threshold voltage, the source volt-
age of the driving TFT is sampled as a sensed voltage after
it reaches saturation, which leads to long sensing time;
whereas, in the current sensing method of this invention,
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when sensing threshold voltage and mobility, the source-
drain current of the driving TFT can be integrated within a
short time by means of current sensing and the integral can
be sampled, which leads to a significant reduction in sensing
time.

[0090] Inaddition, the present invention allows for obtain-
ing sensed values that are more accurate, since a constant
sampled output voltage is produced by compensating for
variations in offset voltage between the current integrators
CI by means of the swapping parts 1242 and sampling parts
125 embedded in the amplifiers AMP.

[0091] As above, the current sensing method of this inven-
tion offers the advantage over the conventional voltage
sensing method in that it allows for low-current sensing and
fast sensing. With this advantage, the current sensing
method of this invention makes it possible to perform
sensing for each pixel multiple times within per-line sensing
ON time, in order to enhance sensing performance.

[0092] While the foregoing description has been given of
an example in which analog filtering is used to compensate
for variations in offset voltage between the current integra-
tors CI and output a constant sampled output voltage, the
present invention is not limited to this example and digital
filtering also may be used.

[0093] In digital filtering (digital average filter), the sum
of digital sensed values output form the ADC can be divided
out by n, thereby calculating the average of the digital
sensed values. The average of the digital sensed values
output through the digital filter is fed to the timing controller
11. The timing controller 11 may calculate variations in
offset voltage between the current integrators (CI) 1241
based on the digital sensed values for compensation of
variations in offset voltage, and compensate for these cal-
culated variations. FIG. 11 shows offset voltages that are
output respectively from a plurality of current integrators
(CT) 1241 according to the present invention. FIG. 12 shows
the dispersion of output voltages including the offset volt-
ages output from the plurality of current integrators (CI)
1241 according to the present invention.

[0094] Referring to FIGS. 11 and 12, the output voltages
(including offset voltages) output through the conventional
current integrators (CI) 1241 range from a maximum output
voltage of 40 mV to a minimum output voltage of -40 mV,
which leaves a difference of 80 mV between the maximum
output voltage and the minimum output voltage. Since the
output voltages from the conventional current integrators
(CI) 1241 have different offset voltages, the output voltage
from the output terminal may vary even if substantially the
same amount of current input into the input terminals of the
conventional current integrators (CI) 12ql. That is, the
output voltage has a large degree of dispersion due to the
differences in offset voltage between the amplifiers AMP,
resulting in a large error margin.

[0095] On the other hand, in the present invention, a
constant sampled output voltage is produced by compensat-
ing for variations in offset voltage between the current
integrators CI by means of the swapping parts 1242 and
sampling parts 125 embedded in the amplifiers AMP, and the
sampled output voltage ranges from a maximum output
voltage of 10 mV to a minimum output voltage of =10 mV,
which leaves a difference of 20 mV between the maximum
output voltage and the minimum output voltage.

[0096] Accordingly, the output voltage has a small degree
of dispersion due to the compensation of the differences in
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offset voltage between the amplifiers AMP, which results in
a small error margin. Therefore, a constant sampled output
voltage is produced by compensating for variations in offset
voltage between the current integrators CI by means of the
swapping parts 1242 and sampling parts 125 embedded in
the amplifiers AMP. As a consequence, the present invention
allows for more accurate sensed values to be obtained,
compared to the conventional art, and enables panel com-
pensation using the more accurate sensed values, thereby
improving the reliability of sensing and compensation.
[0097] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.

What is claimed is:
1. An organic light-emitting display comprising:
a display panel including sensing lines connected to
pixels;
a current integrator configured to:
receive current from a pixel among the pixels through
a sensing line among the sensing lines connected to
a first input terminal,

receive a reference voltage through a reference voltage
line connected to a second input terminal, and

swap a path through which the current applied through
the first input terminal flows and a path through
which the reference voltage applied through the
second input terminal is supplied,;

a sampling part including a first sample and hold circuit
for sampling a first output voltage of the current
integrator and a second sample and hold circuit for
sampling a second output voltage of the current inte-
grator, subsequent to the first output voltage, wherein
the sampling part outputs the first and second output
voltages sampled by the first and second sample and
hold circuits simultaneously through a single output
channel of the sampling part; and

an analog-to-digital converter configured to convert the
voltages received from the single output channel to
digital sensed values and output the digital sensed
values.

2. The organic light-emitting display of claim 1, wherein

the current integrator comprises:

an amplifier including a first amplifier input terminal, a
second amplifier input terminal, and an output terminal
for outputting the first output voltage or the second
output voltage;

an integrating capacitor connected between the first
amplifier input terminal and output terminal of the
amplifier; and

a reset switch connected to both ends of the integrating
capacitor.

3. The organic light-emitting display of claim 2, wherein

the first amplifier input terminal comprises: a first external
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input terminal connected to the sensing line; and a first
internal input terminal connected to the first external input
terminal, and

wherein the second amplifier input terminal comprises: a
second external input terminal connected to the refer-
ence voltage line; and a second internal input terminal
connected to the second external input terminal, and

wherein a swapping part is disposed between the first
external input terminal and the first internal input
terminal and between the second external input termi-
nal and the second internal input terminal, and config-
ured to swap the path through which the current flows
and the path through which the reference voltage is
supplied.

4. The organic light-emitting display of claim 3, wherein

the swapping part comprises:

first swap switches that are switched on to output a first
output voltage including a first offset voltage; and

second swap switches that are switched on to output a
second output voltage including a second offset voltage
with the opposite polarity of the first offset voltage.

5. The organic light-emitting display of claim 3, wherein

the first swap switches comprise: an eleventh swap switch
connected to the first external input terminal and the first
internal input terminal; and a twelfth swap switch connected
to the second external input terminal and the second internal
input terminal,

wherein the second swap switches comprise: a twenty-
first swap switch connected to the second external input
terminal and the first internal input terminal; and a
twenty-second swap switch connected to the first exter-
nal input terminal and the second internal input termi-
nal, and

wherein one end of the eleventh swap switch and one end
of the twenty-second swap switch are commonly con-
nected, and one end of the twelfth swap switch and one
end of the twenty-first swap switch are commonly
connected.

6. The organic light-emitting display of claim 5, wherein

the first sample and hold circuit comprises:

a first average capacitor for storing the first output voltage
output from the current integrator;,

a first sample switch connected between the current
integrator and the first average capacitor for controlling
the first output voltage to be stored in the first average
capacitor; and

a first hold switch connected between the first average
capacitor and the analog-to-digital converter for out-
putting the first output voltage stored in the first aver-
age capacitor through the single output channel, and

wherein the second sample and hold circuit comprises:

a second average capacitor for storing the second output
voltage output from the current integrator;

a second sample switch connected between the current
integrator and the second average capacitor for con-
trolling the second output voltage to be stored in the
second average capacitor; and

a second hold switch connected between the second
average capacitor and the analog-to-digital converter
for outputting the second output voltage stored in the
second average capacitor through the single output
channel.

7. The organic light-emitting display of claim 6, wherein

the first sample switch stores the first output voltage output
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from the current integrator in the first average capacitor, in
synchronization with the first swap switches, and

wherein the second sample switch stores the second

output voltage output from the current integrator in the
second average capacitor, in synchronization with the
second swap switches.

8. The organic light-emitting display of claim 6, wherein
the first hold switch and the second hold switch turn on
simultaneously and output the first output voltage and the
second output voltage simultaneously through the single
output channel.

9. A current integrator comprising:

an amplifier including a first input terminal, a second

input terminal, and an output terminal for outputting an
output voltage;

an integrating capacitor connected between the first input

terminal and output terminal of the amplifier; and

a reset switch connected to both ends of the integrating

capacitor,

wherein the amplifier comprises a swapping part that

receives current from a pixel through the first input
terminal and receives a reference voltage through the
second input terminal, and that swaps a path through
which the current applied through the first input termi-
nal flows and a path through which the reference
voltage applied through the second input terminal is
supplied.

10. The current integrator of claim 9, wherein the first
input terminal comprises: a first external input terminal
connected to a sensing line connected to the pixel; and a first
internal input terminal connected to the first external input
terminal, and

wherein the second input terminal comprises: a second

external input terminal connected to a reference voltage
line for supplying the reference voltage; and a second
internal input terminal connected to the second external
input terminal, and

wherein a swapping part is disposed between the first

external input terminal and the first internal input
terminal and between the second external input termi-
nal and the second internal input terminal, and config-
ured to swap the path through which the current flows
and the path through which the reference voltage is
supplied.

11. The current integrator of claim 10, wherein the swap-
ping part comprises:

first swap switches that are switched on to output a first

output voltage including a first offset voltage; and

second swap switches that are switched on to output a

second output voltage including a second offset voltage
with the opposite polarity of the first offset voltage.

12. The current integrator of claim 10, wherein the first
swap switches comprise: an eleventh swap switch connected
to the first external input terminal and the first internal input
terminal; and a twelfth swap switch connected to the second
external input terminal and the second internal input termi-
nal,

wherein the second swap switches comprise: a twenty-

first swap switch connected to the second external input
terminal and the first internal input terminal; and a
twenty-second swap switch connected to the first exter-
nal input terminal and the second internal input termi-
nal, and

wherein one end of the eleventh swap switch and one end

of the twenty-second swap switch are commonly con-
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nected, and one end of the twelfth swap switch and one
end of the twenty-first swap switch are commonly
connected.

13. An organic light-emitting display comprising:

a display panel including at least one pixel connected to
a sensing line supplied with a current from the at least
one pixel;

a sensing block connected to the sensing line and a
reference voltage line supplied with a reference volt-
age, wherein the sensing block includes an amplifier
having a first input, a second input and an output, and
a capacitor connected between the sensing line and the
output,

wherein the sensing block is configured to:

in response to entering a first state mode, connect the first
input to the first sensing line, connect the second input
to the reference voltage line and output a first voltage
including the reference voltage added to a first offset,
and

in response to entering a second state mode, connect the
first input to the reference voltage line, connect the
second input to the first sensing line and output a
second voltage including the reference voltage added to
a second offset; and

a sampling part configured to receive the first voltage and
the second voltage and output an average output volt-
age based on the first and second voltages.

14. The organic light-emitting display of claim 13,
wherein the first offset is a positive value and the second
offset is a negative value.

15. The organic light-emitting display of claim 13, further
comprising:

a timing controller configured to receive the average
output voltage from the sampling part and generate
compensation data for compensating a threshold volt-
age or mobility in the at least one pixel based on the
average output voltage.

16. The organic light-emitting display of claim 13,
wherein the sampling part includes a plurality of sample and
hold circuits, and

wherein each of the plurality of sample and hold circuits
includes one end commonly connected to the output of
the amplifier and another end commonly connected to
an analog-to-digital converter.

17. The organic light-emitting display of claim 13,
wherein sensing block includes a swapping part disposed
between the sensing line and the reference voltage line and
the first and second inputs of the amplifier, and

wherein the swapping part includes a plurality of
switches.

18. The organic light-emitting display of claim 13,
wherein the sensing block includes a reset switch connected
to both ends of the integrating capacitor, and

wherein the sensing block is further configured to enter a
reset mode, close the reset switch, and output the
reference voltage to the output of the amplified.

19. The organic light-emitting display of claim 18,
wherein the reset mode is between the first state mode and
the second state mode.

20. The organic light-emitting display of claim 13, further
comprising an analog-to-digital converter configured to con-
vert the average output voltage to digital sensed value and
output the digital sensed value.
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