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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE, CIRCUIT AND METHOD
FOR DETECTING DRIVING CURRENT
THEREOF

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to a
circuit and a method for detecting a driving current of an
organic light emitting diode display device, and an organic
light emitting diode display device.

BACKGROUND

[0002] With the development of technology, in a pixel
circuit of an existing active matrix organic light emitting
diode (AMOLED) display device, an organic light emitting
diode (OLED) and a thin film transistor (TFT) for driving
the OLED may lead to a fluctuation of the driving current of
the OLED due to instability in preparation processes, param-
eter drift, device aging, and etc., which causes uneven
luminescence of a display panel. In order to solve a problem
of the uneven luminescence, an electric compensation
method can be used to compensate the voltage or the current
signal applied to the OLED.

SUMMARY

[0003] At least one embodiment of the present disclosure
provides a method for detecting a driving current of an
organic light emitting diode display device by using an
integrating circuit, comprising: after detecting for a prede-
termined time period, obtaining an output voltage of the
integrating circuit, and comparing the output voltage with at
least one reference voltage; and in the case that the output
voltage and the reference voltage satisfy a predetermined
condition, adjusting capacitance of a capacitor of the inte-
grating circuit.

[0004] For example, in some embodiments of the method,
the at least one reference voltage comprises a first reference
voltage and a second reference voltage, the second reference
voltage is smaller than the first reference voltage; in a case
that the output voltage is greater than the first reference
voltage, the capacitance of the capacitor of the integrating
circuit is reduced; and in a case that the output voltage is
smaller than the second reference voltage, the capacitance of
the capacitor of the integrating circuit is increased.

[0005] For example, in some embodiments of the method,
the capacitor of the integrating circuit is a variable capacitor,
the variable capacitor comprises a plurality of sub-capacitors
which are connected with each other in parallel, in series or
in series-parallel, and at least one of the plurality of sub-
capacitors is configured to be connected to the variable
capacitor or disconnected from the variable capacitor.

[0006] For example, in some embodiments of the method,
in the case that the output voltage is greater than the first
reference voltage, a set first flag bit is used to represent a
comparison result, then a corresponding sub-capacitor is
disconnected or connected according to information indi-
cated by the comparison result; and in the case that the
output voltage is smaller than the second reference voltage,
a set second flag bit is used to represent the comparison
result, then the corresponding sub-capacitor is disconnected
or connected according to the information indicated by the
comparison result.
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[0007] For example, in some embodiments, the method
further comprises: adjusting at least one among capacitance
of the sub-capacitor of the variable capacitor, the first
reference voltage and the second reference voltage, so as to
adjust a discharge time of the integrating circuit.

[0008] At least one embodiment of the present disclosure
further provides a circuit used for detecting a driving current
of an organic light emitting diode display device, compris-
ing: an integrating circuit and a comparison circuit; the
integrating circuit comprises an operational amplifier and a
variable capacitor, the variable capacitor is connected
between an inverting input end and an output end of the
operational amplifier; the comparison circuit is connected to
the integrating circuit to receive an output voltage of the
integrating circuit, and the comparison circuit is configured
to compare the output voltage with a reference voltage and
output a comparison result which is used to adjust capaci-
tance of the variable capacitor.

[0009] For example, in some embodiments of the circuit,
the variable capacitor comprises a plurality of sub-capaci-
tors. The plurality of sub-capacitors are connected with each
other in parallel, in series or in series-parallel, and at least
one of the plurality of sub-capacitors is configured to be
disconnected from the variable capacitor or connected to the
variable capacitor.

[0010] For example, in some embodiments of the circuit,
the variable capacitor further comprises at least one switch
element, and the switch element is connected with a corre-
sponding sub-capacitor in series or in parallel.

[0011] For example, in some embodiments of the circuit,
the switch element is a transistor switch element.

[0012] For example, in some embodiments of the circuit,
the variable capacitor of the integrating circuit further com-
prises at least one sub-capacitor which is directly connected
between the inverting input end and the output end of the
operational amplifier.

[0013] For example, in some embodiments of the circuit,
the comparison circuit comprises a first comparator, the first
comparator is configured to compare the output voltage of
the integrating circuit with a first reference voltage.

[0014] For example, in some embodiments of the circuit,
a non-inverting input end of the first comparator is config-
ured to input the first reference voltage, and an inverting
input end of the first comparator is configured to input the
output voltage of the integrating circuit.

[0015] For example, in some embodiments of the circuit,
the comparison circuit further comprises a second compara-
tor, the second comparator is configured to compare the
output voltage of the integrating circuit with a second
reference voltage.

[0016] For example, in some embodiments of the circuit,
an inverting input end of the second comparator is config-
ured to input the second reference voltage, and a non-
inverting input end of the second comparator is configured
to input the output voltage of the integrating circuit.
[0017] For example, in some embodiments of the circuit,
the circuit used for detecting the driving current of the
organic light emitting diode display device further com-
prises a control circuit; the control circuit is configured to
adjust the capacitance of the variable capacitor according to
the comparison result outputted by the comparison circuit.
[0018] For example, in some embodiments of the circuit,
the circuit used for detecting the driving current of the
organic light emitting diode display device further com-
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prises a control circuit; the control circuit is configured to
adjust the size of the variable capacitor according to the
comparison result outputted by the comparison circuit.
[0019] For example, in some embodiments of the circuit,
an output end of the first comparator or an output end of the
second comparator is used to output a flag bit data; and the
control circuit is configured to receive the flag bit data and
adjusts the capacitance of the variable capacitor according to
the flag bit data.

[0020] At least one embodiment of the present disclosure
further provides an organic light emitting diode display
device, comprising: an organic light emitting diode and a
circuit used for detecting a driving current of the organic
light emitting diode display device. The circuit is configured
for detecting the driving current of the organic light emitting
diode.

[0021] For example, in some embodiments of the organic
light emitting diode display device, the organic light emit-
ting diode display device further comprises a detecting
switch transistor; and the detecting switch transistor is
disposed between the organic light emitting diode and the
circuit configured for detecting the driving current of the
organic light emitting diode display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In order to clearly illustrate the technical solution
of the embodiments of the disclosure, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the disclosure and thus are not limitative of
the disclosure.

[0023] FIG. 1A is an application scenario schematic dia-
gram of a method or a device used for detecting a driving
current of an organic light emitting diode display device
provided by an embodiment of the present disclosure;
[0024] FIG. 1B is a schematic diagram of a pixel circuit
included in an application scenario provided by an embodi-
ment of the present disclosure;

[0025] FIG. 2 is a flow chart of a method for detecting a
driving current of an organic light emitting diode display
device by using an integrating circuit provided by an
embodiment of the present disclosure;

[0026] FIG. 3 is a flow chart of another method for
detecting a driving current of an organic light emitting diode
display device by using an integrating circuit provided by an
embodiment of the present disclosure;

[0027] FIG. 4 is a schematic diagram of a circuit used for
detecting a driving current of an organic light emitting diode
display device provided by an embodiment of the present
disclosure;

[0028] FIG. 5 is a schematic diagram of a circuit used for
detecting a driving current of an organic light emitting diode
display device based on a parallel connection variable
capacitor circuit provided by an embodiment of the present
disclosure;

[0029] FIG. 6 is a schematic diagram of a circuit used for
detecting a driving current of an organic light emitting diode
display device based on a series-connected variable capaci-
tor circuit provided by an embodiment of the present dis-
closure;

[0030] FIG. 7 is a schematic diagram of a circuit used for
detecting a driving current of an organic light emitting diode
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display device based on a series-parallel-connected variable
capacitor circuit provided by an embodiment of the present
disclosure;

[0031] FIG. 8 is a block diagram of an organic light
emitting diode display device provided by an embodiment of
the present disclosure; and

[0032] FIG. 9 is a structural diagram of another organic
light emitting diode display device provided by an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0033] In order to make objects, technical details and
advantages of the embodiments of the disclosure apparent,
the technical solutions of the embodiments will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the disclosure.
Apparently, the described embodiments are just a part but
not all of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the disclosure.

[0034] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to
which the present disclosure belongs. The terms “first,”
“second,” etc., which are used in the present disclosure, are
not intended to indicate any sequence, amount or impor-
tance, but distinguish various components. The terms “com-
prise,” “include,” etc., are intended to specify that the
elements or the objects stated before these terms encompass
the elements or the objects and equivalents thereof listed
after these terms, but do not preclude the other elements or
objects. The phrases “connect”, “connected”, etc., are not
intended to define a physical connection or mechanical
connection, but may include an electrical connection,
directly or indirectly.

[0035] FIG. 1A is an application scenario schematic dia-
gram of a method or a device used for detecting a driving
current of an organic light emitting diode display device
provided by an embodiment of the present disclosure. The
organic light emitting diode (OLED) display device 100
comprises a plurality of sub-pixels, each of the sub-pixels
comprises an OLED pixel circuit 101, and the OLED display
device 100 further comprises a sense line 180 and a circuit
170 for detecting a driving current of the OLED.

[0036] The OLED pixel circuit 101 as illustrated in FIG.
1A also comprises an OLED pixel driving circuit 102 and an
organic light emitting diode (OLED) 103, and the organic
light emitting diode 103 is controlled and driven by the
OLED pixel driving circuit 102.

[0037] FIG. 1B provides an example of a sub-pixel at the
(m)th rows and the (n)th columns, each of the sub-pixels
comprises a pixel driving circuit (corresponding to the pixel
driving circuit 102 in FIG. 1A) comprising a driving tran-
sistor T1, a scan switch transistor T2, a sense switch
transistor T3, a capacitor C1, a data line Y(n), a first scan line
G(m)_1, a second scan line G(m)_2 and a power line
ELVDD, and comprises a sense line S(n) (corresponding to
the sense line 180 in FIG. 1A) and an OLED device
(corresponding to the organic light emitting diode 103 in
FIG. 1A). However, those skilled in the art should be
understood that the present disclosure is not limited to the
specific sub-pixel circuit illustrated in FIG. 1B, the sub-pixel
circuit of the embodiments of present disclosure may also
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have other forms, provided that the sub-pixel circuit can
sense the relevant characteristics of the driving transistor
and/or the OLED device.

[0038] Referring to FIG. 1B, the exemplary OLED pixel
circuit 101 comprises an OLED pixel driving circuit and an
organic light emitting diode (OLED). The organic light
emitting diode emits light according to a current provided by
the driving transistor T1. An anode of the organic light
emitting diode may be connected to a source electrode of the
driving transistor T1, and a cathode of the OLED may be
grounded.

[0039] The organic light emitting diode may comprise the
anode, a hole transport layer, an organic light emitting layer,
an electron transport layer, and the cathode. If a voltage is
applied across the anode and the cathode of the organic light
emitting diode, holes and electrons are moved to the organic
light emitting layer through the hole transport layer and the
electron transport layer respectively, and are recombined
with each other in the organic light emitting layer so as to
excite to emit light.

[0040] The driving transistor T1 is disposed between the
first power line ELVDD and the organic light emitting diode.
The driving transistor T1 controls the current flowing from
the first power line ELVDD to the OLED according to the
voltage difference applied between the gate electrode and
the source electrode of the driving transistor T1. The gate
electrode of the driving transistor T1 may be connected to
the first electrode of the scan switch transistor T2, the source
electrode of the driving transistor T1 may be connected to
the anode of the organic light emitting diode, and the drain
electrode of the driving transistor T1 may be connected to
the first power line ELVDD which is provided with a first
supply voltage.

[0041] The gate electrode of the scan switch transistor T2
1s connected to the (m)th first scan line G(m)_1, and thus the
scan switch transistor T2 can be switched on or off by a scan
pulse over the first scan line G(m)_1, so as to provide an
image data voltage over the (n)th data line Y(n) to the gate
electrode of the driving transistor T1. A first electrode (such
as the drain electrode) of the scan switch transistor T2 may
be connected to the gate electrode of the driving transistor
T1, and a second electrode (such as the source electrode) of
the scan switch transistor T2 may be connected to the (n)th
data line Y(n).

[0042] The gate electrode of the sense switch transistor T3
is connected to the (m)th second scan line G(m)_2, and thus
the sense switch transistor T3 can be switched on or off by
a sense pulse over the second scan line G(m)_2, so as to
connect the (n)th sense line S(n) to the source electrode of
the driving transistor T1. A first electrode (such as the source
electrode) of the sense switch transistor T3 may be con-
nected to the (n)th sense line S(n), and a second electrode
(such as the drain electrode) of the sense switch transistor T3
may be connected to the source electrode of the driving
transistor T1.

[0043] The capacitor C1 is disposed between the gate
electrode and the source electrode of the driving electrode
T1. The capacitor C1 stores the voltage difference between
the gate electrode and the source electrode of the driving
transistor T1.

[0044] As illustrated in FIG. 1B, the driving transistor T1,
the scan switch transistor T2, and the sense switch transistor
T3 can be formed by an N type MOSFET (metal oxide
semiconductor field effect transistor), but are not limitative
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herein. In another example, the driving transistor T1, the
scan switch transistor T2, and the sense switch transistor T3
can be formed by a P type MOSFET. In addition, it should
be noted that, in the above mentioned transistor T2 and T3,
one of the first electrode and the second electrode may be a
source electrode, and correspondingly the other may be a
drain electrode.

[0045] The circuit 170 for detecting the driving current of
the OLED provided by an embodiment of the present
disclosure receives an output current of the sense line and
then detects the current flowing through the driving circuit
of the OLED display device, so as to avoid problems, such
as TFT threshold voltage drift or incorrect switching due to
an unexpected current caused by an open circuit or short
circuit, etc. And according to the measured current, the
circuit 170 for detecting the driving current of the OLED
display device provided by an embodiment of the present
disclosure can adopt three manners, such as reducing the
capacitance of the variable capacitor, increasing the capaci-
tance of the variable capacitor or not changing the capaci-
tance of the variable capacitor, to make the discharge time
of the integrating circuit be in a reasonable range, so as to
greatly improve the ability of the integrating circuit for
sampling the current flowing through the OLED.

[0046] The circuit 170 used for detecting the driving
current of the OLED display device and connected to the
above mentioned OLED pixel circuit 101 will be described
in detail in combination with FIG. 2-FIG. 7 below.

[0047] FIG. 2 illustrates a method 200 for detecting the
driving current of an OLED display device by using an
integrating circuit provided by an embodiment of the present
disclosure. The exemplary method 200 comprises the fol-
lowing operations:

[0048] Step 201, after detecting for a predetermined time
period, obtaining an output voltage of the integrating circuit,
and comparing the output voltage with at least one reference
voltage; and

[0049] Step 211, in the case that the output voltage and the
reference voltage satisfy a predetermined condition, adjust-
ing capacitance of a capacitor of the integrating circuit.
[0050] In some embodiments, the at least one reference
voltage comprises a first reference voltage and a second
reference voltage, and the second reference voltage is
smaller than the first reference voltage. At this time, a
method for detecting the driving current of the OLED by
using the integrating circuit may be illustrated in FIG. 3.
Referring to FIG. 3, the method 300 for detecting the driving
current of the OLED by using the integrating circuit com-
prises the following operations:

[0051] Step 301, after detecting for a predetermined time
period, obtaining an output voltage of the integrating circuit,
and comparing the output voltage with the first reference
voltage and the second reference voltage;

[0052] Step 311, in the case that the output voltage is
greater than the first reference voltage, reducing the capaci-
tance of the capacitor of the integrating circuit; and in the
case that the output voltage is smaller than the second
reference voltage, increasing the capacitance of the capaci-
tor of the integrating circuit.

[0053] Because the integrating circuit is a discharge cir-
cuit, the output voltage of the integrating circuit changes
from high to low. Therefore, if the output voltage is greater
(namely, the output voltage is greater than the first reference
voltage after the predetermined time period) at the same
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comparison time, the voltage variation of the output voltage
is smaller after the same discharge time, furthermore it
shows that the driving current is smaller, namely the dis-
charge speed of the integrating circuit is slower than the
expected discharge speed, so the capacitance of the capacitor
of the integrating circuit needs to be reduced to achieve the
technical purpose of accelerating the discharge speed of the
integrating circuit. In addition, if the output voltage is
smaller (namely, the output voltage is smaller than the
second reference voltage after the predetermined time
period) at the same comparison time, the voltage variation of
the output voltage is greater after the same discharge time,
furthermore it shows that the driving current is greater,
namely the discharge speed of the integrating circuit is
higher than the expected discharge speed, so the capacitance
of the capacitor of the integrating circuit needs to be
increased to achieve a technical purpose of slowing down
the discharge speed of the integrating circuit.

[0054] In some embodiments, the capacitor of the inte-
grating circuit is a variable capacitor, the variable capacitor
comprises a plurality of sub-capacitors which are connected
with each other in parallel, in series or in series-parallel, and
at least one of the plurality of sub-capacitors is configured to
be connected to the variable capacitor or be disconnected
from the variable capacitor.

[0055] In some embodiments, in the case that the output
voltage is greater than the first reference voltage, a set first
flag bit (not illustrated in Figure) is used to represent the
comparison result, then a corresponding sub-capacitor is
disconnected or connected according to the information
indicated by the comparison result; and in the case that the
output voltage is smaller than the second reference voltage,
a set second flag bit is used to represent the comparison
result, then the corresponding sub-capacitor is disconnected
or connected according to the information indicated by the
comparison result.

[0056] In some embodiments, the above mentioned
method 200 and method 300 for detecting the driving
current of an OLED by using the integrating circuit may
further comprise adjusting at least one among the capaci-
tance of the sub-capacitors of the variable capacitor, the first
reference voltage and the second reference voltage, and then
adjusting the discharge time of the integrating circuit.

[0057] FIG. 4 illustrates a circuit 400 used for detecting
the driving current of the OLED provided by an embodiment
of the present disclosure. The circuit 400 used for detecting
the driving current of the OLED as illustrated in FIG. 4
comprises an integrating circuit 420 and a comparison
circuit 425. The integrating circuit 420 in turn comprises an
operational amplifier 422 and a variable capacitor 421, the
variable capacitor 421 is connected between an input end
and an output end of the operational amplifier 422, for
example, the variable capacitor 421 may be connected
between an inverting input end and an output end of the
operational amplifier 422. The comparison circuit 425 is
connected to the integrating circuit 420, and an input end of
the comparison circuit 425 is used for receiving an output
voltage of the integrating circuit 420. In addition, the
comparison circuit 425 is further configured to compare the
output voltage of the integrating circuit 420 with a reference
voltage set by the comparison circuit 425 and output a
comparison result, and the comparison result is used to
adjust the capacitance of the variable capacitor 421.
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[0058] The variable capacitor 421 comprises a plurality of
sub-capacitors, the plurality of sub-capacitors are connected
with each other in parallel, in series or in series-parallel, and
at least one of the plurality of sub-capacitors is configured to
be disconnected from the variable capacitor 421 or be
connected to the variable capacitor 421. For example, the
variable capacitor 421 may comprise three sub-capacitors.
Each of the three sub-capacitors can be connected to the
integrating circuit or be disconnected from the integrating
circuit independently.

[0059] In some embodiments, the variable capacitor 421
further comprises at least one switch element, and the switch
element is connected with a corresponding sub-capacitor in
series or in parallel. For example, in the case that the
variable capacitor 421 comprises four parallel sub-capaci-
tors, each of the four parallel sub-capacitors may be con-
nected to or be disconnected from the variable capacitor
(namely, the integrating circuit) by a switch element con-
nected thereto in series.

[0060] For example, the switch element is a transistor
switch element. For example, the transistor switch element
may further comprise a P type switch transistor or an N type
switch transistor.

[0061] In some embodiments, the variable capacitor 421
of the integrating circuit 420 may further comprise at least
one sub-capacitor which is directly connected between the
inverting input end and the output end of the operational
amplifier. For example, the capacitance value of the sub-
capacitor is fixed.

[0062] In some embodiments, the comparison circuit 425
comprises a first comparator, the first comparator is config-
ured to compare the output voltage of the integrating circuit
420 with the first reference voltage. For example, the first
comparator is a circuit which compares an analog voltage
signal (namely the output voltage of the integrating circuit)
with a reference voltage (namely the first reference voltage),
and two inputs of the first comparator are analog signals,
while an output is a binary signal. Moreover, in order to
avoid oscillation of the output, the first comparator may
further be provided with an internal hysteresis circuit. The
first comparator may be an operational amplifier with a
magnification factor close to “infinity”. The first comparator
can be configured to compare the sizes of two voltages (the
high or low level of the output voltage is used to indicate the
size relationship of the two input voltages), in the case that
the voltage of the “+” input end of the first comparator is
higher than the voltage of the “~” input end thereof, the first
comparator outputs a high level; and in the case that the
voltage of the “+” input end of the first comparator is lower
than the voltage of the “-” input end thereof, the first
comparator outputs a low level. The embodiments of the
present disclosure are not limitative herein, and an opposite
output level can be set to indicate that the voltages of the two
input end are high or low.

[0063] Insome embodiments, a non-inverting input end of
the first comparator is used to input the first reference
voltage, and an inverting input end of the first comparator is
used to input the output voltage of the integrating circuit
420.

[0064] In some embodiments, the comparison circuit 425
may further comprise a second comparator; the second
comparator is configured to compare the output voltage of
the integrating circuit with the second reference voltage. The
second comparator and the first comparator are in similar
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structures, and the specific structure of the second compara-
tor can be referred to the above relevant description of the
first comparator, which will not be elaborated herein.

[0065] Insomeembodiments, an inverting input end of the
second comparator is used to input the second reference
voltage, and a non-inverting input end of the second com-
parator is used to input the output voltage of the integrating
circuit 420.

[0066] In some embodiments, the circuit 400 used for
detecting the driving current of the OLED can further
comprise a control circuit (not illustrated in drawings), and
the control circuit is configured to adjust the capacitance of
the variable capacitor 421 according to the comparison
result outputted by the comparison circuit 425. For example,
in some embodiments, the output end of the first comparator
or the output end of the second comparator is used to output
a flag bit data (not illustrated in drawings); the control circuit
receives the flag bit data and adjust the capacitance of the
variable capacitor 421 according to the flag bit data.

[0067] FIGS. 5 to 8 illustrate three specific embodiments
provided by the present disclosure. The three specific
embodiments take two reference voltages, two comparators
and a variable capacitor including two sub-capacitors as an
example to describe in detail the structure of the circuit used
for detecting the driving current of the OLED. However, the
technical solution of the present disclosure is not limited to
two reference voltages, and for example, one reference
voltage may be provided. The technical solution of the
present disclosure is also not limited to two comparators,
and for example, as for a circuit provided with one reference
voltage, one comparator may be provided. In addition, the
technical solution of the present disclosure is not limited to
the situation that a variable capacitor only comprises two
sub-capacitors. For example, the variable capacitor 421 may
comprise three or more sub-capacitors.

[0068] As illustrated in FIG. 5, an example of a circuit 500
used for detecting the driving current of the OLED com-
prises an integrating circuit 520 and a comparison circuit
525.

[0069] The integrating circuit 520 comprises an opera-
tional amplifier 510 and a variable capacitor 530, and the
variable capacitor 530 is connected between an inverting
input end and an output end of the operational amplifier 510.
The variable capacitor 530 comprises a first sub-capacitor
C51 and a first switch S51. The first switch S51 and the first
sub-capacitor C51 both are connected between the inverting
input end and the output end of the operational amplifier
510. The variable capacitor 530 further comprises a second
sub-capacitor C52, a second switch S52 connected with the
second sub-capacitor C52 in series, a third sub-capacitor
C53, and a third switch S53 connected with the third
sub-capacitor C53 in series. The second sub-capacitor C52
and the third sub-capacitor C53 are connected with the first
sub-capacitor C51 in parallel. In addition, the inverting input
end of the operational amplifier 510 is connected with a
sense line 560. When the first switch S51 is turned on, the
first sub-capacitor C51 is short-circuited. When the second
switch S52 is turned off or turned on, the second sub-
capacitor C52 is disconnected from or connected to the
variable capacitor 530 correspondingly. Similarly, when the
third switch S53 is turned off or turned on, the third
sub-capacitor C53 is disconnected from or connected to the
variable capacitor 530 correspondingly.
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[0070] The comparison circuit 525 as illustrated in FIG. 5
comprises a first comparator 540 and a second comparator
550. An inverting input end of the first comparator 540
inputs a first reference voltage Vrefl, a non-inverting input
end of the second comparator 550 inputs a second reference
voltage Vref2, and the first reference voltage Vrefl is greater
than the second reference voltage Vref2.

[0071] The comparison circuit 525 is connected to an
output end of the integrating circuit 520. In particular, a
non-inverting input end of the first comparator 540 and an
inverting input end of the second comparator 550 are
connected to the output end of the operational amplifier 510,
so as to receive the output voltage of the integrating circuit
520. The first comparator 540 and the second comparator
550 are configured to compare a respective reference voltage
with the output voltage of the integrating circuit 520 respec-
tively, so as to obtain comparison results.

[0072] For example, the detail work process of the above
mentioned circuit 500 used for detecting the driving current
of the OLED display device is described below. At the
beginning time, the first switch S51 and the second switch
S52 are turned on. The output voltage of the operational
amplifier 510 is equal to the input voltage Vref of the
non-inverting input end of the operational amplifier 510. At
the beginning of sampling, the first switch S51 is turned off,
in the sub-pixel of the display device, the driving current of
the driving transistor charges the parallel capacitor formed
of the first sub-capacitor C51 and the second sub-capacitor
C52 through a sense transistor, and then the output voltage
of the operational amplifier 510 begins to decrease from the
input voltage Vref.

[0073] After a predetermined time period T1, the output
voltage Vout of the operational amplifier 510 is compared
with the first reference voltage Vrefl and the second refer-
ence voltage Vref2. If the output voltage Vout is smaller than
the second reference voltage Vref2, it shows that the driving
current is too large, and if the manner of the combination of
the first sub-capacitor C51 and the second sub-capacitor C52
1s still adopted, the discharge time of the integrating circuit
520 is shorter, which exceeds the conversion capability of
the analog to digital conversion circuit. Therefore, at this
time the third switch S53 is turned on, the discharge capaci-
tor of the integrating circuit 520 is converted into the way in
which the first sub-capacitor C51, the second sub-capacitor
C52 and the third sub-capacitor C53 are connected with each
other in parallel, and the discharge time of the corresponding
integrating circuit 520 is increased.

[0074] Correspondingly, if the output voltage Vout is
greater than the reference voltage Vrefl, it is shown that the
driving current is smaller and the discharge time is too long.
Therefore, at this time the second switch S52 is turned off,
then the discharge capacitor of the integrating circuit 520
changes from the manner of the combination of the first
sub-capacitor C51 and the second sub-capacitor C52 to the
manner of the first sub-capacitor C51 only, so that the
discharge time of the integrating circuit 520 is shorten.
[0075] If the output voltage Vout is between the first
reference voltage Vrefl and the second reference voltage
Vref2, it is shown that the driving current is at an interme-
diate value, the discharge capacitor of the integrating circuit
520 keeps the capacitance value at the beginning of sam-
pling time (namely, the discharge capacitor of the integrating
circuit 520 maintains the sum of the capacitances of the first
sub-capacitor C51 and the second sub-capacitor C52).
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[0076] As illustrated in FIG. 6, an example of a circuit 600
used for detecting the driving circuit of the OLED comprises
an integrating circuit 620 and a comparison circuit 625.
Compared with the example as illustrated in FIG. 5, the
variable capacitor as illustrated in FIG. 6 comprises two
sub-capacitors which are connected with each other in
series.

[0077] The integrating circuit 620 comprises an opera-
tional amplifier 610 and a variable capacitor 630. The
comparison circuit 625 comprises a first comparator 640 and
a second comparator 650. The first comparator 640 and the
second comparator 650 may have the same structures as the
two comparators as illustrated in FIG. 5.

[0078] The difference between the integrating circuit 620
as illustrated in FIG. 6 and the integrating circuit 520 as
illustrated in FIG. 5 is the circuit structure of the variable
capacitor. The variable capacitor 630 comprises a first
switch S61, a first sub-capacitor C61, a second sub-capacitor
C62, a second switch S62 connected with the second sub-
capacitor C62 in parallel, a third sub-capacitor C63, and a
third switch S63 connected with the third sub-capacitor C63
in parallel. The second sub-capacitor C62, the third sub-
capacitor C63 and the first sub-capacitor C61 are connected
between the inverting input end and the output end of the
operational amplifier in series.

[0079] The comparison circuit 625 as illustrated in FIG. 6
has the same connection relationship as the comparison
circuit 525 as illustrated in FIG. 5. And the connection
relationship between the comparison circuit 625 and the
integrating circuit 620 is also the same as that of the
corresponding units in FIG. 5.

[0080] For example, the detail work process of the above
mentioned circuit 600 used for detecting the driving current
of the OLED is described below. At the beginning time, the
first switch S61 and the third switch S63 are turned on, and
an output voltage of the operational amplifier 610 is equal to
an input voltage Vref of the non-inverting input end thereof.
At the beginning of sampling, the first switch S61 is turned
off, in the sub-pixel of the OLED display device, the driving
current of the driving transistor charges a seties capacitor
formed of the first sub-capacitor C61 and the second sub-
capacitor C62 by a sense transistor, and then the output
voltage of the operational amplifier 610 begins to decrease
from the input voltage Vref. After the predetermined time
period T1, the output voltage Vout of the operational ampli-
fier 610 is compared with the first reference voltage Vrefl
and the second reference voltage Vref2. If the output voltage
Vout is smaller than the second reference voltage Vref2 at
this time, it is shown that the driving current is too large.
Therefore, at this time the second switch S62 are turned on
to short the second sub-capacitor C62, then the discharge
capacitor of the corresponding integrating circuit 620
changes into a manner of the first sub-capacitor C61 only,
and accordingly the discharge time of the integrating circuit
620 1s increased.

[0081] Correspondingly, if the output voltage Vout is
greater than the reference voltage Vrefl, it is shown that the
discharge time is too long. Therefore, at this time the third
switch S63 is turned off, the discharge capacitor of the
corresponding integrating circuit 620 changes into a series
capacitor formed of the first sub-capacitor C61, the second
sub-capacitor C62, and the third sub-capacitor C63, and then
the discharge time of the corresponding integrating circuit
620 1s shortened.
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[0082] If the output voltage Vout is between the first
reference voltage Vrefl and the second reference voltage
Vref2, it is shown that the driving current is at an interme-
diate value, the discharge capacitor of the corresponding
integrating circuit 620 keeps the capacitance value at the
beginning of sampling (namely, the discharge capacitor of
the integrating circuit maintains the capacitance at the
beginning of sampling).

[0083] As illustrated in FIG. 7, an example of a circuit 700
used for detecting the driving circuit of the OLED comprises
an integrating circuit 720 and a comparison circuit 725. The
integrating circuit 720 comprises an operational amplifier
710 and a variable capacitor 730. The comparison circuit
725 comprises a first comparator 740 and a second com-
parator 750.

[0084] The difference between the integrating circuit 720
as illustrated in FIG. 7 and the integrating circuits as
illustrated in FIG. 5 and FIG. 6 is the internal connection
relationship of the sub-capacitors of the variable capacitor.
The variable capacitor 730 as illustrated in FIG. 7 comprises
a first switch S71, a first sub-capacitor C71, a second
sub-capacitor C72, a second switch S72 connected with the
second sub-capacitor C72 in parallel, a third sub-capacitor
C73, and a third switch S73 connected with the third
sub-capacitor C73 in series. In addition, the second sub-
capacitor C72 and the first sub-capacitor C71 are connected
between an inverting input end and an output end of the
operational amplifier 710 in series. The third sub-capacitor
C73 is connected between the inverting input end and the
output end of the operational amplifier 710.

[0085] The comparison circuit 725 and the comparison
circuit 525 as illustrated in FIG. 5 may adopt the same circuit
structure. Also the connection relationship of the compari-
son circuit 725 and the integrating circuit 720 is also the
same as that of the corresponding units in FIG. 5.

[0086] For example, the detail work process of the above
mentioned circuit 700 used for detecting the driving current
of the OLED is described below. At the beginning time, the
first switch S71 and the second switch S72 are turned on, and
the output voltage of the operational amplifier 710 is equal
to the input voltage Vref of the non-inverting input end
thereof. At the beginning of sampling, the first switch S71 is
turned off, the driving current of the driving transistor
charges the first sub-capacitor C71 by a sense transistor, and
the output voltage Vout of the operational amplifier 710
begins to decrease from the input voltage Vref. After the
predetermined time period T1, the output voltage of the
operational amplifier 710 is compared with the first refer-
ence voltage Vrefl and the second reference voltage Vref2.
If the output voltage Vout of the operational amplifier 710 is
smaller than the second reference voltage Vref2, it is shown
that the driving current is too large. Therefore, the third
switch S73 are turned on at this time, and then the discharge
capacitor of the integrating circuit 720 changes into a
parallel capacitor formed of the first sub-capacitor C71 and
the third sub-capacitor C73, so that the discharge time of the
corresponding integrating circuit 720 is increased.

[0087] Correspondingly, if the output voltage Vout is
greater than the reference voltage Vrefl, it is shown that the
driving current is smaller and the discharge time is too long.
Therefore, at this time the second switch S72 is turned off,
so that the discharge capacitor of the integrating circuit 720
changes into a series capacitor formed of the first sub-
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capacitor C71 and the second sub-capacitor C72, and then
the discharge time of the corresponding integrating circuit
720 is shortened.

[0088] If the output voltage Vout is between the first
reference voltage Vrefl and the second reference voltage
Vref2, it is shown that the driving current is at an interme-
diate value, the discharge capacitor of the integrating circuit
720 keeps the capacitance value at the beginning of sam-
pling.

[0089] In some embodiments, the first reference voltage
Vrefl, the second reference voltage Vref2, the capacitance of
each sub-capacitor of the variable capacitor and the prede-
termined time period T1 can be adjusted to ensure that the
discharge time of the integrating circuit be within a reason-
able range for different driving currents. The total discharge
time of the integrating circuit is T1+T2, where T1 is the
predetermined time period and T2 is a variable value, and
the size of T2 is determined by the capacitance value of the
sub-capacitor after the variable capacitor is adjusted.
[0090] In some embodiments, the discharge time of the
integrating circuit can be counted by a counter, so that the
driving current is converted into a digital signal to output. In
the data conversion process, each switch corresponding to
each sub-capacitor can be controlled to turn on or off by a
state bit outputted by the comparison circuit. Different state
bits represent different discharge rates, and therefore the
integrating circuit can still obtain a unique current even at
the same discharge time by means of a certain mathematical
calculation.

[0091] FIG. 8 illustrates an organic light emitting diode
(OLED) display device 800 provided by an embodiment of
the present disclosure. The OLED display device 800 com-
prises a plurality of sub-pixels, each sub-pixel comprises an
organic light emitting diode (OLED) 803, the OLED display
device 800 further comprises a circuit 870 used for detecting
the driving current of the OLED of the sub-pixel, and the
circuit 870 is used for detecting the driving current of the
OLED 803.

[0092] FIG. 9 provides a structural diagram of another
organic light emitting diode display device 900 comprising
a detecting switch transistor. As illustrated in FIG. 9, the
organic light emitting diode display device 900 further
comprises the detecting switch transistor 920 (correspond-
ing to the sense switch transistor T3 illustrated in FIG. 1B).
The detecting switch transistor 920 is disposed between the
OLED 903 and the circuit 970 used for detecting the driving
current of the OLED. For example, a more specific exem-
plary structure of the sub-pixel circuit may be referred to
FIG. 1B.

[0093] For example, the specific circuit structures of the
above mentioned circuit 870 and circuit 970 used for detect-
ing the driving current of the OLED may referred to the
circuit structures as illustrated in FIG. 4-FIG. 7.

[0094] The embodiments of the present disclosure only
relate to the structure which the embodiments of the present
disclosure relate to, the other structures may be referred to
the common design. Under the circumstance without con-
flict being incurred, various embodiments of the present
disclosure and the different features of various embodiments
can be combined with each other to obtain a new embodi-
ment.

[0095] What are described above is related to the specific
embodiments of the present disclosure only and not limita-
tive to the scope of the disclosure, within the disclosed
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technical scope of the disclosure, the modification and
replacement, which any skilled who is familiar with the
technical field may easily conceive, should be covered
within the scope of the protection of the disclosure. There-
fore, the scopes of the disclosure are defined by the accom-
panying claims.

[0096] The application claims priority to the Chinese
patent application No. 20161064143 1.5, filed Aug. 5, 2016,
the entire disclosure of which is incorporated herein by
reference as part of the present application.

1. A method for detecting a driving current of an organic
light emitting diode display device by using an integrating
circuit, comprising:

after detecting for a predetermined time period, obtaining

an output voltage of the integrating circuit, and com-
paring the output voltage with at least one reference
voltage; and

in a case that the output voltage and the reference voltage

satisfy a predetermined condition, adjusting capaci-
tance of a capacitor of the integrating circuit.

2. The method according to claim 1, wherein,

the at least one reference voltage comprises a first refer-

ence voltage and a second reference voltage, and the
second reference voltage is smaller than the first ref-
erence voltage;

in a case that the output voltage is greater than the first

reference voltage, the capacitance of the capacitor of
the integrating circuit is reduced; and

in a case that the output voltage is smaller than the second

reference voltage, the capacitance of the capacitor of
the integrating circuit is increased.

3. The method according to claim 2, wherein the capacitor
of the integrating circuit is a variable capacitor, the variable
capacitor comprises a plurality of sub-capacitors which are
connected with each other in parallel, in series or in series-
parallel, and at least one of the plurality of sub-capacitors is
configured to be connected to the variable capacitor or
disconnected from the variable capacitor.

4. The method according to claim 2, wherein,

in the case that the output voltage is greater than the first

reference voltage, a set first flag bit is used to represent
a comparison result, a corresponding sub-capacitor is
disconnected or connected according to information
indicated by the comparison result; and

in the case that the output voltage is smaller than the

second reference voltage, a set second flag bit is used
to represent the comparison result, the corresponding
sub-capacitor is disconnected or connected according
to the information indicated by the comparison result.

5. The method according to claim 2, further comprising:
adjusting at least one among capacitance of the sub-capaci-
tor of the variable capacitor, the first reference voltage and
the second reference voltage, so as to adjust a discharge time
of the integrating circuit.

6. A circuit used for detecting a driving current of an
organic light emitting diode display device, comprising: an
integrating circuit and a comparison circuit;

wherein the integrating circuit comprises an operational

amplifier and a variable capacitor, the variable capaci-
tor is connected between an inverting input end and an
output end of the operational amplifier; and

the comparison circuit is connected to the integrating

circuit to receive an output voltage of the integrating
circuit, and the comparison circuit is configured to
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compare the output voltage with a reference voltage
and output a comparison result which is used to adjust
capacitance of the variable capacitor.

7. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 6, wherein,

the variable capacitor comprises a plurality of sub-capaci-
tors, the plurality of sub-capacitors are connected with
each other in parallel, in series or in series-parallel, and
at least one of the plurality of sub-capacitors 1s con-
figured to be disconnected from the variable capacitor
or connected to the variable capacitor.

8. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 7, wherein the variable capacitor further comprises at
least one switch element, the switch element is connected
with a corresponding sub-capacitor in series or in parallel.

9. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 8, wherein,

the switch element is a transistor switch element.

10. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 6,

wherein the variable capacitor of the integrating circuit
further comprises at least one sub-capacitor which is
directly connected between the inverting input end and
the output end of the operational amplifier.

11. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 6, wherein,

the comparison circuit comprises a first comparator; and

the first comparator is configured to compare the output
voltage of the integrating circuit with a first reference
voltage.

12. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 11, wherein,

a non-inverting input end of the first comparator is
configured to input the first reference voltage, and an
inverting input end of the first comparator is configured
to input the output voltage of the integrating circuit.

13. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 12, wherein,

the comparison circuit further comprises a second com-
parator;

the second comparator is configured to compare the
output voltage of the integrating circuit with a second
reference voltage.
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14. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 13, wherein,

an inverting input end of the second comparator is con-

figured to input the second reference voltage, and a
non-inverting input end of the second comparator is
configured to input the output voltage of the integrating
circuit.

15. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 13, further comprising a control circuit;

wherein the control circuit is configured to adjust the

capacitance of the variable capacitor according to the
comparison result outputted by the comparison circuit.

16. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 15,

wherein an output end of the first comparator or an output

end of the second comparator is configured to output a
flag bit data; and

the control circuit is configured to receive the flag bit data

and adjusts the capacitance of the variable capacitor
according to the flag bit data.

17. An organic light emitting diode display device, com-
prising an organic light emitting diode and the circuit used
for detecting the driving current of the organic light emitting
diode display device according to claim 10, wherein the
circuit is configured for detecting the driving current of the
organic light emitting diode.

18. The organic light emitting diode display device
according to claim 17, further comprising a detecting switch
transistor,

wherein the detecting switch transistor is disposed

between the organic light emitting diode and the circuit
configured for detecting the driving current of the
organic light emitting diode display device.

19. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 11, further comprising a control circuit;

wherein the control circuit is configured to adjust the

capacitance of the variable capacitor according to the
comparison tesult outputted by the comparison circuit.

20. The circuit used for detecting the driving current of the
organic light emitting diode display device according to
claim 19,

wherein an output end of the first comparator is config-

ured to output a flag bit data; and

the control circuit is configured to receive the flag bit data

and adjusts the capacitance of the variable capacitor
according to the flag bit data.
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after detecting for a predetermined time period, obtaining an output
i cui ring the output voltage
with the first reference voltage and the second reference voltage
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in the case that the output voltage is greater than the first reference
voltage, reducing the capacitance of the capacitor of the integrating
circuit, and in the case that the output voltage is smaller than the
second reference voltage, i ncreasnng the capaclmnce of the capacitor
of the integrating circuit
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