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SENSING CIRCUIT OF DISPLAY DEVICE
BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a sensing circuit of
a display device, and more particularly, to a sensing circuit
of a display device, which is capable of sensing a pixel
current of a display panel.

2. Related Art

[0002] Among display devices, an organic light emitting
diode (OLED) display device includes a display panel
having OLED pixels arranged in a matrix shape, and dis-
plays a screen by driving the pixels according to the gray
scales of display data.

[0003] Each of the pixels includes a switching transistor
and driving transistor to drive the corresponding OLED. The
driving transistor may have a different electrical character-
istic for each pixel. The electrical characteristic of the
driving transistor may include a threshold voltage or mobil-
ity. When a driving time is accumulated, the electrical
characteristic may be changed by a degradation of the
driving transistor.

[0004] The electrical characteristic of each pixel may be
decided by the electrical characteristic of the corresponding
driving transistor, and a deviation in electrical characteristic
between the pixels may be increased with the accumulation
of the driving time.

[0005] The electrical characteristic of the pixel may be
defined as a pixel characteristic, and the deviation in elec-
trical characteristic between the pixels may be defined as a
pixel deviation.

[0006] The pixels may be driven to have luminances with
a difference corresponding to the pixel deviation for display
data having the same gray scale.

[0007] The pixel deviation between the pixels may be
compensated for through various methods. For example, the
pixel deviation may be compensated for through an external
compensation method.

[0008] The external compensation method is to compen-
sate for a pixel deviation outside the display panel. For this
operation, the external compensation method reads out
information for displaying a pixel characteristic on the
display panel, and reflects the read information to drive the
display panel. A pixel current generated by the driving
transistor of the pixel may be used as the information for
displaying the pixel characteristic.

[0009] According to the external compensation method,
an external driver reads out a pixel current of a pixel and
senses the read pixel current, and an application processor
computes a compensation value corresponding to the sensed
pixel current, and compensates for a driving signal provided
to the pixel using the compensation value.

[0010] When the driver reads out the pixel current during
the above-described process, the driver may read out a
leakage current as well as the pixel current. The current read
out by the driver may be referred to as a sensing current, and
the sensing current may contain a pixel current and a leakage
current. The leakage current is not selected as a sensing
target, but may contain a current introduced from pixels
sharing an input terminal of the driver.
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[0011] When a pixel current with a magnitude of several
pico-levels to several nano-levels is sensed, the external
compensation method has a difficulty in accurately sensing
only the pixel current except for a leakage current of which
the polarity and magnitude cannot be estimated.

[0012] The driver includes a sensing circuit for sensing a
pixel current. The sensing circuit includes an analog-to-
digital converter (ADC). In this case, the ADC is required to
have high resolution for the pixel current. However, the
sensing circuit of the driver has a difficulty in satisfying the
requirement due to a leakage current.

[0013] Therefore, when a pixel current is sensed through
the external compensation method, the sensing circuit of the
driver needs to be designed to be insensitive to a leakage
current in order to accurately sense the pixel current.
[0014] The driving transistor of each pixel is generally
driven by a high voltage. Therefore, a bias voltage in a wide
range from the positive level to the negative level may be
formed at the input terminal of the external driver, to which
the pixel current is applied.

[0015] The bias voltage formed in a wide range at the
input terminal of the driver may be divided into a plurality
of ranges (for example, positive level and negative level)
during a sensing operation. For this operation, the driver
must be designed to include sensing circuits corresponding
to the divided ranges of the bias voltage, respectively, and a
positive-level pixel current and a negative-level pixel cur-
rent may be sensed through different sensing circuits.
[0016] When the plurality of sensing circuits are designed,
the sensing circuits occupy a large area in the driver. Thus,
the manufacturing cost of the driver is inevitably increased.
[0017] Furthermore, in the external compensation method,
the flow direction of the sensing current read out by the
driver may be changed.

[0018] For example, when a specific voltage is applied to
the anode of an OLED in order to sense a pixel current, a
sensing current may flow from the driver to the display
panel. In this case, the sensing circuits (for example, inte-
grators) have a common mode voltage fixed to a high level
by the sensing current, and a sensing range for sensing the
pixel current of the sensing current is clamped by the
common mode voltage. As a result, the sensing range for
sensing the pixel current of the sensing current through the
sensing circuits of the driver may be limited to a range equal
to or more than the common mode voltage.

SUMMARY

[0019] Various embodiments are directed to a sensing
circuit of a display device, which is capable of accurately
sensing only a pixel current except a leakage current, in
order to determine a pixel characteristic through an external
compensation method.

[0020] Also, various embodiments are directed to a sens-
ing circuit of a display device, which is capable of sensing
a bias voltage distributed in a wide range in response to a
pixel current in order to determine a pixel characteristic.
[0021] Also, various embodiments are directed to a sens-
ing circuit of a display device, in which a circuit for sensing
a pixel characteristic can be implemented with a small area,
and which has economic efficiency.

[0022] Also, various embodiments are directed to a sens-
ing circuit of a display device, which is capable of sensing
a pixel current while a sensing range is not limited even
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when a flow direction of the pixel current is changed
depending on a voltage applied to a display panel.

[0023] In an embodiment, a sensing circuit of a display
device may include: a current receiving unit configured to
receive an input current containing at least a leakage current
between a pixel current and the leakage current, convert the
pixel current at a preset current ratio, and output the con-
verted pixel current to a first node; a current source unit
configured to provide a predetermined amount of source
current to the first node; a current sinking unit configured to
sink a predetermined amount of sinking current from the
first node; a current detection unit configured to provide a
detected current corresponding to the leakage current to the
first node; and a detection signal output unit configured to
sample an offset voltage corresponding to the leakage cur-
rent using the detected current, remove the leakage current
from the input current using the offset voltage, and output a
detection signal corresponding to the pixel current obtained
by removing the leakage current from the input current.
[0024] In another embodiment, a sensing circuit of a
display device may include: a current receiving unit config-
ured to receive an input current containing at least a leakage
current between a pixel current and the leakage current,
convert the pixel current at a preset current ratio, and output
the converted pixel current to a first node; a current source
unit configured to provide a predetermined amount of source
current; a current sinking unit configured to sink a prede-
termined amount of sinking current; a current detection unit
configured to provide a detected current corresponding to
the leakage current; and a detection signal output unit
configured to sample an offset voltage corresponding to the
leakage current using the detected current during a first
period in which the input current containing the leakage
current is received, and remove the leakage current from the
input current using the offset voltage and output a detection
signal corresponding to the pixel current obtained by remov-
ing the leakage current from the input current, during a
second period in which the input current containing the pixel
current and the leakage current is received.

[0025] According to the embodiments of the present
invention, the sensing circuit of the display device can sense
a pixel characteristic based on an electrical characteristic of
a driving transistor through an external compensation
method, and sense only the pixel current except the leakage
current, thereby improving the sensing efficiency.

[0026] Furthermore, the sensing circuit can sense a bias
voltage level distributed in a wide range in order to deter-
mine a pixel characteristic of a pixel, and the circuit for
sensing can be implemented with a small area. Thus, a driver
for performing the external compensation method can be
manufactured at a low cost.

[0027] Furthermore, the sensing circuit can provide an
environment in which a common mode voltage of the sensor
used for sensing can be selected, such that the sensing range
1s not limited even when the direction of the pixel current is
changed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a block diagram illustrating a sensing
circuit of a display device according to an embodiment of
the present invention.

[0029] FIG. 2 is a timing diagram for describing an
operation of the sensing circuit of FIG. 1.
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[0030] FIG. 3 is a block diagram illustrating a sensing
circuit of a display device according to another embodiment
of the present invention.

[0031] FIG. 4 is a block diagram illustrating a sensing
circuit of a display device according to still another embodi-
ment of the present invention.

[0032] FIG. 5 is a block diagram illustrating a sensing
circuit of a display device according to still another embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0033] Hereafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings. The terms used in the present specification
and claims are not limited to typical dictionary definitions,
but must be interpreted into meanings and concepts which
coincide with the technical idea of the present invention.
[0034] Embodiments described in the present specification
and configurations illustrated in the drawings are preferred
embodiments of the present invention, and do not represent
the entire technical idea of the present invention. Thus,
various equivalents and modifications capable of replacing
the embodiments and configurations may be provided at the
point of time that the present application is filed.

[0035] FIG. 1 is a block diagram illustrating a sensing
circuit of a display device according to an embodiment of
the present invention.

[0036] The sensing circuit according to the present
embodiment, which serves to sense a pixel characteristic
through an external compensation method, may be config-
ured in a driver 30 outside a display panel 10. The driver 30
may be understood as a driving driver for providing a
driving signal to the display panel in response to display
data.

[0037] Therefore, the driver 30 is configured to provide a
driving signal (not illustrated) corresponding to the display
data to the display panel 10, and receive a sensing current lin
from the display panel 10.

[0038] Referring to FIG. 1, the driver 30 includes the
sensing circuit of the display device according to the present
embodiment, and the sensing circuit of the display device
includes a current receiving unit 100, a current source unit
200, a current sinking unit 300, a current detection unit 400
and a detection signal output unit 500.

[0039] A detection signal of the detection signal output
unit 500 may be provided as a compensation signal to an
application processor (not illustrated) outside the driver 30
through an analog-to-digital converter (ADC) 20, and the
application processor may compute a compensation value
corresponding to the compensation signal, and reflect the
compensation value into a driving signal outputted to the
display panel 10 from the driver 30.

[0040] The driver 30 has an input terminal to read out the
input current lin inputted through a sensing line. When a
pixel characteristic is sensed, the corresponding pixel out-
puts a pixel current to the input terminal of the driver 30
through the sensing line, the pixel current representing the
pixel characteristic or an electrical characteristic of a driving
transistor (not illustrated). At this time, the input current lin
of the input terminal of the driver 30 may contain the pixel
current and a leakage current Ileak.

[0041] The leakage current Ileak occurs regardless of an
operation of the driving transistor of the pixel. The driver 30
has input terminals corresponding to a plurality of pixels,
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and the input terminals of the driver 30 are simultaneously
connected to sensing lines of the plurality of pixels in the
display panel 10. Therefore, a leakage current of a pixel
which is not selected for sensing of a pixel characteristic or
a leakage current generated through noise caused by various
factors may for the leakage current Ileak at the input
terminals of the driver 30. The magnitude and polarity of the
leakage current Ileak are difficult to estimate.

[0042] The input terminal of the driver 30 may be under-
stood as an input terminal of the current receiving unit 100.
That is, the current receiving unit 100 receives the input
current lin.

[0043] The input current lin may contain a pixel current
Idata and a leakage current Ileak when the pixel character-
istic of a pixel is sensed. On the other hand, the input current
lin may include only the leakage current lleak when the
pixel characteristic of the pixel is not sensed.

[0044] The current receiving unit 100 may convert the
input current Iin. For this operation, the current receiving
unit 100 may include a current amplifier. The current receiv-
ing unit 100 may serve as a kind of buffer.

[0045] For example, the current receiving unit 100 may
amplify the pixel current Idata at a ratio of 1:1. The
amplification corresponds to a conversion of the input
current Iin. In this case, the current receiving unit 100
outputs a current having the same magnitude as the input
current lin. The current outputted by the current receiving
unit 100 may also be referred to as the input current Iin.
[0046] The current receiving unit 100 performs a function
of separating voltage environments of the input side and the
output side.

[0047] Since the pixels of the display panel 10 are driven
in a first voltage environment, the input side of the current
receiving unit 100 may be considered to have the first
voltage environment. The first voltage environment at the
input side of the current receiving unit 100 may indicate a
high voltage environment of 10V or more, for example.
[0048] The current source unit 200, the current sinking
unit 300, the current detection unit 400 and the detection
signal output unit 500, which are driven in a second voltage
environment, may be configured at the output side of the
current receiving unit 100, and the current source unit 200,
the current sinking unit 300, the current detection unit 400
and the detection signal output unit 500 may include tran-
sistors which are driven in the second voltage environment.
Therefore, the output side of the current receiving unit 100
may be considered to have the second voltage environment.
The second voltage environment may indicate a low-voltage
environment of several voltages.

[0049] As described above, the current receiving unit 100
separates the high voltage environment at the input side
from the low voltage environment at the output side.

[0050] Since the voltage environment is separated by the
current receiving unit 100, the current source unit 200, the
current sinking unit 300, the current detection unit 400 and
the detection signal output unit 500 may include transistors
which have a small channel area while operating in the low
voltage environment. Therefore, since the sensing circuit
according to the present embodiment can be implemented
with a small area, the economic efliciency of the sensing
circuit can be improved.

[0051] The sensing circuit according to the present
embodiment may perform a sensing operation in response to
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the level of the input current Iin distributed in a wide range
by the current receiving unit 100.

[0052] A node N1 is formed at the output terminal of the
current receiving unit 100, and the current source unit 200,
the current sinking unit 300 and the current detection unit
400 are connected to the node N1.

[0053] The current source unit 200 provides a predeter-
mined amount of current to the node N1, and the current
sinking unit 300 sinks a predetermined amount of current
from the node N1. The current provided to the node N1 by
the current source unit 200 is referred to as a source current
b1, and the current sunk from the node N1 by the current
sinking unit 300 is referred to as a sinking current Ib2. In the
present embodiment, the source current Ib1 may be set to a
larger amount than the sinking current Ib2, or the sinking
current [b2 may be set to a larger amount than the source
current Ibl. The current amounts may be set to various
values by a designer in consideration of the sensing envi-
ronment of the source current Ibl or the sinking current Ib2.
[0054] The current detection unit 400 provides a detected
current Ice corresponding to the input current lin containing
only a leakage current Ileak to the node N1. In other words,
the current detection unit 400 provides the detected current
Ice corresponding to the leakage current Ileak to the node
N1.

[0055] From the viewpoint of the node N1, the sinking
current Ib2 is equal to the sum of the source current Ib1, the
leakage current Ileak and the detected current Ice. At this
time, since the source current Ib1 and the sinking current b2
have the predetermined current values, the detected current
Ice is decided by the leakage current Ileak.

[0056] For a specific example, the following descriptions
are based on the supposition that the input current Iin
contains only the leakage current [leak.

[0057] When the sinking current Ib2 is 1,000 pA, the
source current Ib1 is 900 pnA and the leakage current Ileak is
90 pA, the detected current Ice is 10 pA. At this time, a
capacitor 530 described later samples the detected current
Ice while a switch 520 is turned on. In other words, the
capacitor 530 samples a voltage corresponding to the leak-
age current Ileak.

[0058] That is, the current detection unit 400 serves to
supply the detected current Ice corresponding to the leakage
current Ileak to the node N1, and thus has a function of
detecting the leakage current Ileak.

[0059] The current detection unit 400 may include passive
elements such as a diode, resistor and sample/hold circuit, in
order to provide the detected current Ice corresponding to
the leakage current Ileak.

[0060] The detection signal output unit 500 samples and
holds the leakage current Ileak, detects a pixel current Idata
from which the leakage current Ileak is removed, and
outputs the pixel current Idata to the ADC 20.

[0061] When the amount of the source current Ib1 is equal
to the amount of the sinking current Ib2, the magnitude and
direction of the detected current Ice may be changed
depending on the magnitude and direction of the leakage
current Ileak. However, the detected current Ice provided by
the current detection unit 400 needs to flow in a constant
direction, depending on the elements constituting the current
detection unit 400. Therefore, the amount of the source
current Ib1 provided by the current source unit 200 and the
amount of the sinking current Ib2 sunk by the current
sinking unit 300 may be set to different values, such that the
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detected current Ice provided to the node N1 flows in the
constant direction regardless of the magnitude or direction
of the leakage current Tleak.

[0062] The detection signal output unit 500 includes the
capacitor 530 and an integration circuit 550.

[0063] The capacitor 530 is configured in the detection
signal output unit 500. The capacitor 530 is configured
between the integration circuit 550 and a node N2 connect-
ing the current detection unit 400 to the node 1, and forms
an offset voltage by the detected current Ice flowing to the
node N1 through the node N2. At this time, the offset voltage
corresponds to a voltage obtained by sampling and holding
the leakage current [leak.

[0064] The detection signal output unit 500 includes the
integration circuit 550, and the integration circuit 550
includes an amplifier 510, a switch 520 and a capacitor 540.
[0065] The amplifier 510 has two input terminals includ-
ing a positive terminal (+) and a negative terminal (<), a
common mode voltage Vpre is applied to the positive
terminal (+), and a second electrode of the capacitor 530 is
connected to the negative terminal (-). The switch 520 is
connected between an output terminal and the negative
terminal (-) of the amplifier 510, and the capacitor 540 for
sampling the data current Idata is connected between the
output terminal of the amplifier 510 and a first electrode of
the capacitor 530.

[0066] In the above-described configuration, the switch
520 is turned on in response to a first period PS for sampling
the leakage current Ileak, and turned off in response to a
second period PH for holding the leakage current Ileak. The
first period PS indicates a period in which the input current
Iin contains only the leakage current Ileak because the pixel
characteristic is not sensed, and the second period PH
indicates a period in which the input current lin contains the
pixel current Idata and the leakage current Ileak because the
pixel characteristic is sensed.

[0067] The operation of the sensing circuit according to
the embodiment of FIG. 1 will be described with reference
to FIG. 2. In FIG. 2, “SW” represents a control signal to
control the switch 520 in response to the first period PS or
the second period.

[0068] First, the operation of the sensing circuit in the first
period PS will be described.

[0069] During the first period, the input current Iin con-
tains only the leakage current Ileak.

[0070] Therefore, the detected current Ice is formed by
detecting the leakage current Ileak, and the capacitor 530
samples an offset voltage by the detected current Ice corre-
sponding to the leakage current Ileak. At this time, a current
Isense inputted to the negative terminal (-) of the amplifier
510 of the integration circuit 550 is “0”.

[0071] As described above, an offset voltage correspond-
ing to the leakage current Ileak is sampled by the capacitor
530 during the first period PS.

[0072] Next, the operation of the sensing circuit in the
second period PH will be described.

[0073] During the second period, the input current Iin
contains the pixel current Idata and the leakage current Ileak.
At this time, the capacitor 530 holds the offset voltage
sampled in the first period PS. That is, an offset voltage is
formed in the negative terminal (-) of the amplifier 510 by
the capacitor 530.

[0074] When the current receiving unit 100 outputs the
input current lin to the detection signal output unit 500
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during the second period PH, the leakage current Ileak
contained in the input current lin is removed through the
offset voltage formed by the capacitor 530. Therefore, the
pixel current Idata from which the leakage current Ileak of
the input current Tin is removed is inputted to the negative
terminal (=) of the amplifier 510 of the integration circuit
550. That is, the current Isense inputted to the negative
terminal (=) of the amplifier 510 of the integration circuit
550 in FIG. 2 corresponds to the pixel current Idata.
[0075] As described above, the detection signal output
unit 500 forms an offset voltage corresponding to the leak-
age current Ileak during the first period PS in which the input
current lin containing only the leakage current Ileak is
inputted. Furthermore, the detection signal output unit 500
removes the leakage current Ileak using the offset voltage
formed in the second period PH in which the input current
Tin containing the leakage current Ileak and the pixel current
Idata is inputted, performs sampling and integration on the
pixel current Idata, and outputs a detection signal.

[0076] Therefore, the sensing circuit according to the
present embodiment may sense the pixel current Idata with
a high resolution, the pixel current Idata being obtained by
removing the leakage current Ileak from the input current
lin.

[0077] The sensing circuit according to the present
embodiment may be configured to vary the common mode
voltage Vpre of the detection signal output unit 500. The
detection signal output unit 500 may include a switching
circuit (not illustrated) capable of selecting one of voltages
having a plurality of levels, such that the selected voltage is
applied as the common mode voltage Vpre to the positive
terminal (+) of the amplifier 510. In the above-described
configuration, the common mode voltage Vpre may have the
selected level.

[0078] In other words, the common mode voltage Vpre
may be selected to one level among the plurality of preset
levels in consideration of the state of the current Isense
inputted to the negative terminal (=) of the amplifier 510.
The state of the current Isense may include the magnitude or
direction of the current Isense inputted to the negative
terminal (-) of the amplifier 510.

[0079] For example, when a current of an OLED in the
display panel 10 is sensed, the input current lin may flow
from the driver 30 to the display panel 10. More specifically,
when a specific voltage is applied to the anode of the OLED
in order to sense the current of the OLED, the input terminal
of the driver 30 may have a higher potential than the display
panel 10, and a flow of the input current Tin from the driver
30 to the display panel 10 may be formed.

[0080] In this case, an input voltage of the negative
terminal (<) of the amplifier 510 included in the integration
circuit 550 of the detection signal output unit 500 may be
formed at a high level corresponding to the pixel current
Idata.

[0081] When the common mode voltage Vpre is fixed, the
input voltage formed at a high level in the negative terminal
(=) of the amplifier 510 may be clamped by the common
mode voltage Vpre having the fixed level, even though the
sampling by the pixel data Idata is normally performed in the
capacitor 540. As a result, the range of the pixel current Idata
sensed by the detection signal output unit 500 of the driver
30 may be limited by the fixed common mode voltage Vpre.
[0082] In order to solve the problem that the sensing range
of the pixel current Idata is limited, the sensing circuit
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according to the present embodiment may be configured to
provide the variable common mode voltage Vpre as
described above.

[0083] Therefore, when the flow of the input current Iin is
changed to a flow from the driver 30 to the display panel 10,
the sensing circuit can select the low-level common mode
voltage Vpre to perform integration, thereby preventing the
limitation of the sensing range of the pixel current Idata.
[0084] The present embodiment may be modified as illus-
trated in FIGS. 3 to 5.

[0085] In FIGS. 3 to 5, the duplicated descriptions of the
same components as those of FIG. 1 and the functions
thereof are omitted herein. Referring to FIGS. 3 to 5, the
current source unit 200 and the current sinking unit 300 are
arranged in different manners from FIG. 1.

[0086] The arrangement of the current source unit 200 and
the current sinking unit 300 may be changed depending on
an environment or design method of the sensing circuit.
[0087] In the embodiment of FIG. 3, the current source
unit 200 is connected to the output terminal of the current
receiving unit 100 and provides the source current, and the
current sinking unit 300 is connected to the input terminal of
the current receiving unit 100 and sinks the sinking current.
[0088] In the embodiment of FIG. 4, the current source
unit 200 is connected to the input terminal of the current
receiving unit 100 and provides the source current, and the
current sinking unit 300 is connected to the output terminal
of the current receiving unit 100 and sinks the sinking
current.

[0089] In the embodiment of FIG. 5, the current source
unit 200 and the current sinking unit 300 are connected to
the input terminal of the current receiving unit 100, provide
the source current, and sink the sinking current.

[0090] Since the configurations and operations of the
embodiments of FIGS. 3 to 5 can be understood through the
embodiment of FIG. 1 and the descriptions corresponding to
the first and second periods PS and PH of FIG. 2, the
duplicated descriptions are omitted herein.

[0091] In the embodiments of FIGS. 3 and 4, the sensing
circuit generates the detected current Ice corresponding to
the leakage current Ileak and forms the offset voltage, based
on the node N1 connected to the output terminal of the
current receiving unit 100, during the first period PS, and
performs sampling and integration on the pixel current Idata
to output the detection signal during the second period PH,
like the embodiment of FIG. 1.

[0092] In the embodiment of FIG. 5, however, the sensing
circuit generates the detected current Ice and forms the offset
voltage, based on the node N1 connected to the input
terminal of the current receiving unit 100. Since the opera-
tion corresponding to the second period PH in the embodi-
ment of FIG. 5§ is performed in the same manner as the
embodiment of FIG. 1, the duplicated descriptions thereof
are omitted herein.

[0093] Through the above-described configuration, the
sensing circuit according to the embodiments of the present
invention can sense the pixel current to determine a pixel
characteristic through the external compensation method,
and sense only the pixel current except the leakage current
with a high resolution. Thus, the sensing circuit may become
insensitive to the leakage current.

[0094] Furthermore, the sensing circuit can sense the pixel
current distributed in a wide range at the input terminal of
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the driver, while having a small area. Thus, the economic
efficiency of the driver can be improved.

[0095] Furthermore, the sensing circuit can select the
common mode voltage and provide the sensing environment
in which the sensing range of the pixel current is not limited,
even when the flow direction of the pixel current is changed
depending on a voltage applied to the display panel.
[0096] While various embodiments have been described
above, it will be understood to those skilled in the art that the
embodiments described are by way of example only.
Accordingly, the disclosure described herein should not be
limited based on the described embodiments.

What is claimed is:

1. A sensing circuit of a display device, comprising:

a current receiving unit configured to receive an input
current containing at least a leakage current between a
pixel current and the leakage current, convert the pixel
current at a preset current ratio, and output the con-
verted pixel current to a first node;

a current source unit configured to provide a predeter-
mined amount of source current to the first node;

a current sinking unit configured to sink a predetermined
amount of sinking current from the first node;

a current detection unit configured to provide a detected
current corresponding to the leakage current to the first
node; and

a detection signal output unit configured to sample an
offset voltage corresponding to the leakage current
using the detected current, remove the leakage current
from the input current using the offset voltage, and
output a detection signal corresponding to the pixel
current obtained by removing the leakage current from
the input current.

2. The sensing circuit of claim 1, wherein the current
receiving unit performs the conversion through amplifica-
tion.

3. The sensing circuit of claim 1, wherein the current
receiving unit is implemented with a buffer including an
amplifier.

4. The sensing circuit of claim 1, wherein the current
receiving unit comprises an input terminal having a first
voltage environment and an output terminal having a second
voltage environment different from the first voltage envi-
ronment,

the second voltage environment has a lower voltage
environment than the first voltage environment, and

the current source unit, the current sinking unit and the
current detection unit share the second voltage envi-
ronment.

5. The sensing circuit of claim 1, wherein a difference in
current amount between the sinking current and the source
current is equal to the sum of the leakage current and the
detected current.

6. The sensing circuit of claim 1, wherein the current
detection unit comprises a passive element for providing the
detected current of which the amount corresponds to the
leakage current.

7. The sensing circuit of claim 1, wherein the current
detection unit provides the detected current so that the
sinking current is equal to the sum of the source current, the
leakage current and the detected current.

8. The sensing circuit of claim 1, wherein the detection
signal output unit comprises:
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a first capacitor configured to sample and hold the offset
voltage corresponding to the leakage current using the
detected current; and

an integration circuit configured to remove the leakage
current from the input current using the offset voltage,
and output the detection signal corresponding to the
pixel current obtained by removing the leakage current
from the input current.

9. The sensing circuit of claim 8, wherein the integration
circuit comprises an amplifier configured to generate the
detection signal by comparing a voltage corresponding to
the pixel current to a common mode voltage, and the
common mode voltage is provided as a voltage selected
among voltages having a plurality of levels.

10. The sensing circuit of claim 1, wherein the detection
signal output unit samples and holds the offset voltage
corresponding to the leakage current using the detected
current during a first period in which the input current
containing the leakage current is received, and removes the
leakage current from the input current using the offset
voltage and outputs the detection signal corresponding to the
pixel current obtained by removing the leakage current from
the input current, during a second period in which the input
current containing the pixel current and the leakage current
is received.

11. A sensing circuit of a display device, comprising:

a current receiving unit configured to receive an input
current containing at least a leakage current between a
pixel current and the leakage current, convert the pixel
current at a preset current ratio, and output the con-
verted pixel current to a first node;

a current source unit configured to provide a predeter-
mined amount of source current;

a current sinking unit configured to sink a predetermined
amount of sinking current;

a current detection unit configured to provide a detected
current corresponding to the leakage current; and

a detection signal output unit configured to sample an
offset voltage corresponding to the leakage current
using the detected current during a first period in which
the input current containing the leakage current is
received, and remove the leakage current from the input
current using the offset voltage and output a detection
signal corresponding to the pixel current obtained by
removing the leakage current from the input current,
during a second period in which the input current
containing the pixel current and the leakage current is
received.
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12. The sensing circuit of claim 11, wherein the current
source unit is connected to any one of an input terminal and
output terminal of the current receiving unit.

13. The sensing circuit of claim 11, wherein the current
sinking unit is connected to any one of an input terminal and
output terminal of the current receiving unit.

14. The sensing circuit of claim 11, wherein the current
receiving unit performs the conversion through amplifica-
tion using an amplifier.

15. The sensing circuit of claim 11, wherein the current
receiving unit comprises an input terminal having a first
voltage environment and an output terminal having a second
voltage environment different from the first voltage envi-
ronment,

the second voltage environment has a lower voltage than
the first voltage environment, and

among the current source unit, the current sinking unit and
the current detection unit, units connected to the output
terminal of the current receiving unit share the second
voltage environment.

16. The sensing circuit of claim 11, wherein a difference
in current amount between the sinking current and the
source current is equal to the sum of the leakage current and
the detected current.

17. The sensing circuit of claim 11, wherein the current
detection unit provides the detected current so that the
sinking current is equal to the sum of the source current, the
leakage current and the detected current.

18. The sensing circuit of claim 11, wherein the detection
signal output unit comprises:

a first capacitor configured to sample and hold the offset
voltage corresponding to the leakage current using the
detected current during the first period; and

an integration circuit configured to remove the leakage
current from the input current using the offset voltage,
and output the detection signal corresponding to the
pixel current obtained by removing the leakage current
from the input current, during the second period.

19. The sensing circuit of claim 18, wherein the integra-
tion circuit comprises an amplifier configured to generate the
detection signal by comparing a voltage corresponding to
the pixel current to a common mode voltage, and the
common mode voltage is provided as a voltage selected
among voltages having a plurality of levels.

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X

Hfth 237 STk
EING

BE@®F)

NI T —F A TOLEDEIAAERAME Y B R B RN B RE . B ik
FoRERERET HEENERKIESRERNEGRRR , UMRER
ERFRERER | FERHERRNGREM BRFL T, L0 TR

fr RN R T AR NESE R , HEE R AN EAY R
SRR R K (R B E# 1T R Display

EREE R RN B
US20180061329A1 AT () B
US15/674925 i
BEI ROBRAE

BEWORKS CO. , LTD.

BEWORKS CO. , LTD.

LEE JAE KWAN
HWANG DONG HYUN
KIM HYUN HO

LEE, JAE KWAN
HWANG, DONG HYUN
KIM, HYUN HO

G09G3/3291 G09G3/3241 G09G3/3258

patsnap

2018-03-01

2017-08-11

G09G3/3291 G09G2320/029 G09G3/3258 G09G3/3241 G09G3/3208 G09G3/20

1020160108091 2016-08-25 KR

US10657902

Espacenet USPTO

Panel

\

10



https://share-analytics.zhihuiya.com/view/91603156-48d6-4876-b5db-7cc54cb93ac7
https://worldwide.espacenet.com/patent/search/family/061243151/publication/US2018061329A1?q=US2018061329A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180061329%22.PGNR.&OS=DN/20180061329&RS=DN/20180061329

