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(7) ABSTRACT

Disclosed is a method for driving a pixel circuit. The method
includes steps of obtaining an actual threshold voltage and
an actual current-to-voltage conversion factor of a driving
thin film transistor as well as actual luminous efficiency of
an organic light emitting diode in sequence; and calculating
a compensation data signal inputted to a source of a switch-
ing thin film transistor based on the obtained actual thresh-
old voltage and actual current-to-voltage conversion factor
of the driving thin film transistor and the obtained actual
luminous efficiency of the organic light emitting diode.
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METHOD FOR DRIVING PIXEL CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
patent application CN 201710545849.0, entitled “Method
for driving pixel circuit” and filed on Jul. 6, 2017, the
entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the technical field
of display control. and in particular, to a method for driving
an AMOLED pixel circuit.

BACKGROUND OF THE INVENTION

[0003] FIG. 1 schematically shows a structure of an AMO-
LED (Active Matrix Organic Light Emitting Diode) pixel
circuit in the prior art. The pixel circuit comprises a switch-
ing thin film transistor T11, a driving thin film transistor
T12, a controlling thin film transistor T13, a storage capaci-
tor C14, and an organic light emitting diode OLED15. A gate
of the switching thin film transistor T11 is configured to
input a scanning signal, a source thereof is configured to
input a data signal, and a drain thereof is connected to a gate
of the driving thin film transistor T12. A source of the
driving thin film transistor T12 is configured to input a first
driving voltage OVDD, and a drain thereof is connected to
a drain of the controlling thin film transistor T13 and an
anode of the organic light emitting diode OLED15. A gate of
the controlling thin film transistor T13 is configured to input
a control signal SEN, and a source thereof is configured to
input an enable signal VCM_en. A first end of the storage
capacitor C14 is connected to the gate of the driving thin
film transistor T12, and a second end thereof is connected to
the drain of the driving thin film transistor T12. A cathode of
the organic light emitting diode OLED15 is connected to a
second driving voltage OVSS.

[0004] As to the pixel circuit as shown in FIG. 1, bright-
ness uniformity of a display panel can be improved by
compensating differences in threshold voltage Vth between
the gate of the driving thin film transistor T12 and the drain
thereof, as well as in current-to-voltage conversion factor k
of the driving thin film transistor T12 in each of the pixel
circuits. However, differences in luminous efficiency v of
the organic light emitting diode OLED15 can also cause
non-uniform brightness of the display panel. In an existing
pixel circuit, differences in k and in Vth can be compensated,
but differences in luminous efficiency 1 of the organic light
emitting diode OLED15 cannot be compensated.

SUMMARY OF THE INVENTION

[0005] In order to solve the above problem, the present
disclosure provides a method for driving a pixel circuit, so
as to compensate luminous efficiency of an organic light
emitting diode and improve brightness uniformity of a
display panel.

[0006] According to an embodiment of the present disclo-
sure, a method for driving a pixel circuit is provided. The
pixel circuit comprises a switching thin film transistor, a
driving thin film transistor, a controlling thin film transistor,
a storage capacitor, and an organic light emitting diode. A
gate of the switching thin film transistor is configured to
input a scanning signal, a source thereof is configured to
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input a data signal, and a drain thereof is connected to a gate
of the driving thin film transistor. A source of the driving thin
film transistor is configured to input a first driving voltage,
and a drain thereof is connected to a drain of the controlling
thin film transistor and an anode of the organic light emitting
diode. A gate of the controlling thin film transistor is
configured to input a control signal, and a source thereof is
configured to input an enable signal. A first end of the
storage capacitor is connected to the gate of the driving thin
film transistor, and a second end thereof is connected to the
drain of the driving thin film transistor. A cathode of the
organic light emitting diode is connected to a second driving
voltage.

[0007]

[0008] A scanning signal, a data signal, a control signal, an
enable signal, a first driving voltage, and a second driving
voltage are applied to the pixel circuit. An actual threshold
voltage and an actual current-to-voltage conversion factor of
the driving thin film transistor and actual luminous effi-
ciency of the organic light emitting diode are obtained in
sequernce.

[0009] A compensation data signal inputted to the source
of the switching thin film transistor is calculated, based on
the obtained actual threshold voltage and actual current-to-
voltage conversion factor of the driving thin film transistor
and actual luminous efliciency of the organic light emitting
diode, so as to compensate a threshold voltage and a
current-to-voltage conversion factor of the driving thin film
transistor, and luminous efliciency of the organic light
emitting diode.

[0010] According to an embodiment of the present disclo-
sure, the step of obtaining the actual threshold voltage of the
driving thin film transistor comprises sub steps as follows.

[0011] A scanning signal is applied to the gate of the
switching thin film transistor, and a first data signal is
applied to the source thereof respectively, so that the gate of
the driving thin film transistor reaches a first preset initial
potential. At the same time, a control signal is applied to the
gate of the controlling thin film transistor, and an enable
signal is applied to the source thereof respectively, so that
the drain of the driving thin film transistor reaches a preset
initial potential.

[0012] Application of the enable signal to the source of the
controlling thin film transistor is stopped. The drain of the
driving thin film transistor is charged by the first driving
voltage until the pixel circuit is in a stable state, and then an
electric potential value at the drain of the driving thin film
transistor is collected.

[0013] The actual threshold voltage of the driving thin film
transistor is calculated according to an electric potential
value at the gate of the driving thin film transistor and an
electric potential value at the drain thereof.

[0014] According to an embodiment of the present disclo-
sure, the first preset initial potential, the threshold voltage of
the driving thin film transistor, and the preset initial potential
satisfy a following condition:

The method comprises steps as follows.

Vihop zp>Vdata-VCM>Vih

wherein, vth,, o, represents a threshold voltage of the
organic light emitting diode; Vdata represents the first preset
initial potential, VCM represents the preset initial potential;
and Vth represents the threshold voltage of the driving thin
film transistor.
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[0015] According to an embodiment of the present disclo-
sure, the step of calculating the actual threshold voltage of
the driving thin film transistor further comprises obtaining
the actual threshold voltage by calculating a difference
between the electric potential value at the gate of the driving
thin film transistor and the electric potential value at the
drain thereof.

[0016] According to an embodiment of the present disclo-
sure, the step of obtaining the actual current-to-voltage
conversion factor of the driving thin film transistor com-
prises sub steps as follows.

[0017] A scanning signal is applied to the gate of the
switching thin film transistor, and a second data signal is
applied to the source thereof respectively, so that the gate of
the driving thin film transistor reaches a second preset initial
potential. At the same time, a control signal 1s applied to the
gate of the controlling thin film transistor, and an enable
signal is applied to the source thereof respectively, so that
the drain of the driving thin film transistor reaches a preset
initial potential. The second preset initial potential equals to
a sum of the first preset initial potential and the actual
threshold voltage of the driving thin film transistor.

[0018] Application of the scanning signal to the gate of the
switching thin film transistor and application of the enable
signal to the source of the controlling thin film transistor is
stopped, and the drain of the driving thin film transistor is
charged by the first driving voltage.

[0019] An electric potential value at the drain of the
driving thin film transistor is collected, after the drain of the
driving thin film transistor is charged for a predetermined
time period.

[0020] The actual current-to-voltage conversion factor of
the driving thin film transistor is calculated, according to a
preset target current-to-voltage conversion factor of the
driving transistor and a corresponding electric potential at
the drain thereof, as well as the obtained electric potential
value at the drain of the driving thin film transistor and the
preset initial potential.

[0021] According to an embodiment of the present disclo-
sure, the actual current-to-voltage conversion factor of the
driving thin film transistor is calculated according to a
following formula:

KO=(Vs01-VCMY (Vs=VCM)

wherein, kO represents the preset target current-to-voltage
conversion factor of the driving thin film transistor; k
represents the actual current-to-voltage conversion factor of
the driving thin film transistor; Vs represents an electric
potential at the drain of the driving thin film transistor
corresponding to the actual current-to-voltage conversion
factor thereof; and Vs01 represents an electric potential at
the drain of the driving thin film transistor corresponding to
the preset target current-to-voltage conversion factor
thereof.

[0022] According to an embodiment of the present disclo-
sure, the step of obtaining the actual luminous efficiency of
the organic light emitting diode comprises sub steps as
follows.

[0023] A scanning signal is applied to the gate of the
switching thin film transistor, and a third data signal is
applied to the source thereof respectively, so that the gate of
the driving thin film transistor reaches a third preset initial
potential. At the same time, a control signal is applied to the
gate of the controlling thin film transistor, and an enable
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signal is applied to the source thereof respectively, so that
the drain of the driving thin film transistor reaches a preset
initial potential. The third preset initial potential is calcu-
lated based on the first preset initial potential, the actual
threshold voltage, the preset target threshold voltage, and the
preset initial potential of the driving thin film transistor.

[0024] Application of the scanning signal to the gate of the
switching thin film transistor and application of the enable
signal to the source of the controlling thin film transistor is
stopped. The first driving voltage enables a current flowing
through the organic light emitting diode via the driving thin
film transistor to be constant.

[0025] The organic light emitting diode is charged until a
voltage difference between two ends thereof is stabilized,
and then an electric potential value at the drain of the driving
thin film transistor is collected.

[0026] The actual luminous efficiency of the organic light
emitting diode s calculated according to preset target lumi-
nous efficiency of the organic light emitting diode and a
corresponding electric potential value at the drain of the
driving thin film transistor as well as the second driving
voltage, and based on an inverse proportional relationship
between the luminous efficiency of the organic light emitting
diode and the voltage difference between the two ends
thereof.

[0027] According to an embodiment of the present disclo-
sure, the third preset initial potential is calculated according
to a following formula:

,kO
vy = T (Vdata— VCM) + VCM + AV,

Wherein, V" represents the third preset initial potential, and
AV, represents a difference between the preset target thresh-
old voltage and the actual threshold voltage of the driving
thin film transistor.

[0028] According to an embodiment of the present disclo-
sure, the actual luminous efficiency of the organic light
emitting diode is calculated according to a following for-
mula:

n0=n(Vs-OVSS)/(Vs02-0VSS)

wherein, 10 represents the preset target luminous efficiency
of the organic light emitting diode; 1 represents the actual
luminous efficiency of the organic light emitting diode; Vs02
represents an electric potential at the drain of the driving thin
film transistor corresponding to the preset target luminous
efficiency of the organic light emitting diode; OVSS repre-
sents the second driving voltage; and Vs represents an
electric potential at the drain of the driving thin film tran-
sistor corresponding to the actual luminous efficiency of the
organic light emitting diode.

[0029] According to an embodiment of the present disclo-
sure, the step of calculating a compensation data signal
inputted to the source of the switching thin film transistor,
based on the obtained actual threshold voltage and actual
current-to-voltage conversion factor of the driving thin film
transistor and actual luminous efficiency of the organic light
emitting diode comprises sub steps as follows.

[0030] The actual current-to-voltage conversion factor of
the driving thin film transistor and the actual luminous
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efficiency of the organic light emitting diode are compen-
sated according to a following formula:

, k0 =n0 ’
Vg: W (Vg—-Vs)+ Vs

wherein, V' represents an electric potential of the gate of the
driving thin film transistor after the actual current-to-voltage
conversion factor of the driving thin film transistor and the
actual luminous efficiency of the organic light emitting diode
are compensated.

[0031] The actual threshold voltage of the driving thin film

transistor is compensated according to a following formula:
V"=V AV,

[0032] wherein, V' represents an electric potential of the
gate of the driving thin film transistor after the actual
threshold voltage thereof is compensated, and AV, repre-
sents a difference between the preset target threshold voltage
of the driving thin film transistor and the actual threshold
voltage thereof.

[0033] A compensation data signal inputted to the source
of the switching thin film transistor is determined, according
to the electric potential of the gate of the driving thin film
transistor after the actual threshold voltage thereof is com-
pensated.

[0034] The present disclosure has following beneficial
effects.
[0035] In the present disclosure, the actual threshold volt-

age and the actual current-to-voltage conversion factor of
the driving thin film transistor, and the actual luminous
efficiency of the organic light emitting diode are obtained
and compensated in a predetermined order, whereby bright-
ness uniformity of a display panel can be improved.
[0036] Other advantages, objectives, and features of the
present disclosure will be further explained in the following
description, and partially become self-evident therefrom, or
be understood through the embodiments of the present
disclosure. The objectives and advantages of the present
disclosure will be achieved through the structure specifically
pointed out in the description, claims, and the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The accompanying drawings provide further
understandings of the present disclosure or the prior art, and
constitute one part of the description. The drawings are used
for interpreting the present disclosure together with the
embodiments, not for limiting the present disclosure. In the
drawings:

[0038] FIG. 1 schematically shows a structure of an AMO-
LED pixel circuit in the prior art;

[0039] FIG. 2a is a flow chart showing an order for
detecting a threshold voltage and a current-to-voltage con-
version factor of a driving thin film transistor in the structure
of the pixel circuit as shown in FIG. 1 in the prior art;
[0040] FIG. 2b is a flow chart showing an order for
compensating the threshold voltage and the current-to-volt-
age conversion factor of the driving thin film transistor in the
structure of the pixel circuit as shown in FIG. 1 in the prior
art;
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[0041] FIG. 3 is a flow chart of a method for driving a
pixel circuit according to an embodiment of the present
disclosure;

[0042] FIG. 4 schematically shows a structure of an AMO-
LED pixel circuit according to an embodiment of the present
disclosure;

[0043] FIG. 5a schematically shows waveforms of signals
when a threshold voltage of a driving thin film transistor is
detected according to an embodiment of the present disclo-
sure;

[0044] FIG. 55 schematically shows waveforms of signals
when a current-to-voltage conversion factor of the driving
thin film transistor is detected according to an embodiment
of the present disclosure; and

[0045] FIG. 5¢ schematically shows waveforms of signals
when luminous efficiency of an organic light emitting diode
is detected according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0046] The present disclosure will be explained in details
with reference to the embodiments and the accompanying
drawings, whereby it can be fully understood how to solve
the technical problem by the technical means according to
the present disclosure and achieve the technical effects
thereof, and thus the technical solution according to the
present disclosure can be implemented. It should be noted
that, as long as there is no conflict, all the technical features
mentioned in all the embodiments can be combined together
in any manner, and the technical solutions obtained in this
manner all fall within the scope of the present disclosure.
[0047] In an AMOLED pixel circuit as shown in FIG. 1,
luminance L of an organic light emitting diode OLED15 is
proportional to a current I,; -, thereof:

L=n*lorzp )]

wherein, 1 represents luminous efficiency of the organic
light emitting diode OLEDI1S5.

[0048] A driving thin film transistor T12 operates in a
saturated state, and a current Ids between a source and a
drain of the driving thin film transistor T12 is controlled by
a voltage at a gate thereof:

L =k(Vg-Vg-Vihy’ @

wherein k represents an actual current-to-voltage conversion
factor of the driving thin film transistor T12; Vg represents
an electric potential at the gate of the driving thin film
transistor T12; Vs represents an electric potential at a drain
of the driving thin film transistor T12; and Vth represents an
actual threshold voltage of the driving thin film transistor
T12.

[0049] The organic light emitting diode OLED15 and the
driving thin film transistor T12 are connected to each other
in series, and therefore:

1ds=Iozzp &)

[0050] Foreach pixel in a display panel, due to differences
in V,, and in k of the driving thin film transistor T12 and in
the luminous efliciency m of the organic light emitting diode
OLEDI15, there are differences in current Ids among pixels
under a condition that V,, and k of one pixel are respectively
the same as those of any other pixel.
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[0051] In the prior art, a threshold voltage and a current-
to-voltage conversion factor of a driving thin film transistor
are obtained in an order as shown in FIG. 24, and the
threshold voltage and the current-to-voltage conversion fac-
tor of the driving thin film transistor are compensated in an
order as shown in FIG. 25. A voltage at a gate of the driving
thin film transistor is compensated based on the threshold
voltage and the current-to-voltage conversion factor thereof:

p @

0
V; 7T (Vg —Vs)+ Vs+ AV,

wherein, k represents an actual current-to-voltage conver-
sion factor of a driving thin film transistor of a current pixel,
kO represents a preset target current-to-voltage conversion
factor; AV,, represents a difference between an actual
threshold voltage and a target threshold voltage of the
current pixel.

[0052] An electric potential at a gate of a driving thin film
transistor of each pixel is driven by V" instead of V, and
thus differences in k and in Vth of a driving thin film
transistor among different pixels can be compensated. How-
ever, differences in the luminous efficiency n of an organic
light emitting diode OLED15 among different pixels cannot
be compensated.

[0053] Therefore, the present disclosure provides a
method for driving an AMOLED pixel circuit. FIG. 3 is a
flow chart of a method according to an embodiment of the
present disclosure. The present disclosure will be explained
in detail hereafter with reference to FIG. 3.

[0054] The method is used for driving an AMOLED pixel
circuit as shown in FIG. 4. The pixel circuit comprises a
switching thin film transistor T21, a driving thin film tran-
sistor T22, a controlling thin film transistor T23, a storage
capacitor C, and an organic light emitting diode OLED. A
gate of the switching thin film transistor T21 is configured
to input a scanning signal SCAN, a source thereof is
configured to input a data signal DATA, and a drain thereof
is connected to a gate of the driving thin film transistor T22.
A source of the driving thin film transistor T22 is configured
to input a first driving voltage OVDD, and a drain thereof is
connected to a drain of the controlling thin film transistor
T23 and an anode of the organic light emitting diode OLED.
A cathode of the organic light emitting diode OLED is
connected to a second driving voltage OVSS. A gate of the
controlling thin film transistor T23 is configured to input a
control signal SEN, and a source thereof is configured to
input an enable signal VCM. A first end of the storage
capacitor C is connected to the gate of the driving thin film
transistor T22, and a second end thereof is connected to the
drain of the driving thin film transistor T22. Moreover, in
order to facilitate data acquisition, a data acquisition circuit
ADC is further provided at the drain of the controlling thin
film transistor T23.

[0055] The method comprises two steps as follows. In step
S110, a scanning signal, a data signal, a control signal, an
enable signal, a first driving voltage, and a second driving
voltage are applied to a pixel circuit, and an actual threshold
voltage and an actual current-to-voltage conversion factor of
a driving thin film transistor, and actual luminous efficiency
of an organic light emitting diode are obtained in sequence.
In step S120, a compensation data signal inputted to the
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source of the switching thin film transistor is calculated
based on the obtained actual threshold voltage and actual
current-to-voltage conversion factor of the driving thin film
transistor and the obtained actual luminous efficiency of the
organic light emitting diode, so as to compensate a threshold
voltage and a current-to-voltage conversion factor of the
driving thin film transistor and luminous efficiency of the
organic light emitting diode.

[0056] Instep S110, a threshold voltage Vith of the driving
thin film transistor T22 is obtained first. Specifically, with
reference to FIG. 54, a scanning signal SCAN is applied to
the gate of the switching thin film transistor T21, and a first
data signal DATAL1 is applied to the source thereof respec-
tively, so that the gate of the driving thin film transistor T22
reaches a first preset initial potential Vdata. At the same
time, a control signal SEN is applied to the gate of the
controlling thin film transistor T23, and an enable signal
VCM_en is applied to the source thereof respectively, so that
the drain of the driving thin film transistor T22 reaches a
preset initial potential VCM.

[0057] Then, application of the enable signal VCM_en to
the source of the controlling thin film transistor T23 is
stopped, and the drain of the driving thin film transistor is
charged by the first driving voltage OVDD. After the pixel
circuit reaches a stable state, an electric potential value Vs
at the drain of the driving thin film transistor T22 is
collected. After the pixel circuit is in a stable state, the drain
of the driving thin film transistor T22 is charged to Vdata-
Vth. The electric potential value at the drain of the driving
thin film transistor T22 can be read by the data acquisition
circuit ADC.,

[0058] Finally, an actual threshold voltage Vth of the
driving thin film transistor T22 is calculated according to an
electric potential value at the gate of the driving thin film
transistor T22 and an electric potential value at the drain
thereof. The actual threshold voltage Vth is a difference
between the electric potential value at the gate of the driving
thin film transistor T22 and the electric potential value at the
drain thereof, i.e.,

Vih=Vg-Vs o)

[0059] It can be seen from Formula (5) that, in order to
ensure that the drain of the driving thin film transistor can be
charged to Vdata-Vth, the driving thin film transistor T22
should be turned on, so that the drain of the driving thin film
transistor is charged by the first driving voltage. Therefore,
a condition Vdata—VCM>Vth is required herein. However,
it is not necessary to light up an organic light emitting diode
OLED, and a condition Vth-Vdata-VCM>Vth is required
herein. Vth ;. represents a threshold voltage of the organic
light emitting diode OLED.

[0060] Next, an actual current-to-voltage conversion fac-
tor k of the driving thin film transistor T22 is obtained.
Specifically, with reference to FIG. 5b, a scanning signal
SCAN is applied to the gate of the switching thin film
transistor T21, and a second data signal DATA2 is applied to
the source thereof respectively, so that the gate of the driving
thin film transistor T22 reaches a second preset initial
potential Vdata+Vth. At the same time, a control signal SEN
is applied to the gate of the controlling thin film transistor
T23, and an enable signal VCM_en is applied to the source
thereof respectively, so that the drain of the driving thin film
transistor T22 reaches a preset initial potential VCM. The
second preset initial potential equals to a sum of the first
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preset initial potential and the actual threshold voltage of the
driving thin film transistor. This process corresponds to a
time period t41 in FIG. 55.

[0061] Then, application of the scanning signal to the gate
of the switching thin film transistor T21 and application of
the enable signal to the source of the controlling thin film
transistor T23 is stopped, and the drain of the driving thin
film transistor T22 is charged by the first driving voltage
OVDD. After a power supply to the gate of the driving thin
film transistor T22 and the source of the controlling thin film
transistor T23 1s cut off, a voltage difference Vgs between
the gate of the driving thin film transistor T22 and the drain
thereof is constant and larger than its actual threshold
voltage Vth. Thus, the driving thin film transistor T22 is
turned on, and the drain of the driving thin film transistor
T22 is charged by a constant current Ids. At this time, an
effect of the actual threshold voltage of the driving thin film
transistor T22 has been eliminated by Ids. The constant
current Ids is represented by a formula as follows:

Ids=k(Vgs-Vth?=k(Vdata-VCM)? (6)

wherein, k represents the actual current-to-voltage conver-
sion factor of the driving thin film transistor T22 of a current
pixel.

[0062] Afterwards, after the drain of the driving thin film
transistor is charged for a predetermined time period, an
electric potential value at the drain of the driving thin film
transistor T22 is collected. Specifically, after the drain of the
driving thin film transistor T22 is charged for a predeter-
mined time period t42 (for example, a certain time period
during which the electric potential value at the drain of T22
changes after a power supply to the gate and the drain of the
driving thin film transistor T22 is cut off can be selected to
collect the electric potential value thereof, otherwise, there
is no current flowing in the circuit after the electric potential
at the drain is stabilized, and thus a flow rate of the current
cannot be monitored), the drain of the driving thin film
transistor T22 is sampled. At this time, the electric potential
at the drain is VCM+Ids*t42/C, wherein ¢ represents capaci-
tance of the capacitor C. Moreover, VCM+Ids*t41/C<, and

Tds=(Vs=VCM*Citl %)

[0063] Finally, the actual current-to-voltage conversion
factor of the driving thin film transistor T22 is calculated
according to a preset target current-to-voltage conversion
factor of the driving thin film transistor T22 and a corre-
sponding electric potential at the drain thereof; as well as the
obtained electric potential at the drain potential of the
driving thin film transistor T22 and the preset initial poten-
tial. Specifically, a preset target current-to-voltage conver-
sion factor of the driving thin film transistor T22 and a
corresponding electric potential at the drain thereof are
selected. The actual current-to-voltage conversion factor of
the driving thin film transistor T22 is calculated according to
the electric potential at the drain of the driving thin film
transistor T22 and the enable signal (based on which the
preset initial potential can be obtained). In particular, a
preset target current-to-voltage conversion factor kO of the
driving thin film transistor is selected, and the electric
potential Vs01 at the drain of the driving thin film transistor
corresponding to k0 is known (kO can be obtained by
calculating an average value of multiple current-to-voltage
conversion factors of the driving thin film transistor, and
Vs01 can be obtained by calculating an average value of
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corresponding drain potential values by a statistical
method). Thus, k can be calculated according to a formula
as follows:

KOM=(Vs01-VCMY/(Vs-VCM) )
or, it can be deduced from Formula (6) that:
k=Ids/(Vdata—-VCM)? 9)

[0064] Thus, Ids can be calculated based on Formula (7),
and the current-to-voltage conversion factor k of the driving
thin film transistor can be calculated based on Formula (9).
Formula (8) can be deduced from Formulas (7) and (9), and
thus two values, i.e., the capacitance of the capacitor C and
the time period t41, are not used any more.

[0065] Next, actual luminous efficiency m of an organic
light emitting diode is obtained. Specifically, a scanning
signal SCAN is applied to the gate of the switching thin film
transistor T21, and a third data signal DATA3 is applied to
the source thereof respectively, so that the gate of the driving
thin film transistor T22 reaches a third preset initial poten-
tial:

© (10)
Vg” =7 (Vdata— VCM) + VCM + AV,

[0066] wherein AV, represents a difference between the
actual threshold voltage and the preset target threshold
voltage of the driving thin film transistor 122 of a current
pixel. The third preset initial potential is calculated based on
the first preset initial potential Vdata, the threshold voltage
Vth, the preset target threshold voltage, and the first preset
initial potential VCM. A control signal is applied to the gate
of the controlling thin film transistor, and an enable signal
VCM_en is applied to the source thereof respectively, so that
the drain of the driving thin film transistor reaches a preset
initial potential VCM.

[0067] Then, application of the scanning signal to the gate
of the switching thin film transistor T21 and application of
the enable signal VCM_en to the source of the controlling
thin film transistor T23 is stopped. The first driving voltage
enables a current flowing through the organic light emitting
diode via the driving thin film transistor to be constant.
Moreover, after a power supply to the gate and the drain of
the driving thin film transistor is cut off, a voltage difference
Vgs therebetween is constant, and it can be ensured that the
current following through the organic light emitting diode
OLED is constant. In this case:

Ids=k(P,"-VCM)y=k0{Vdata-PCM)? an

[0068] Afterwards, the organic light emitting diode is
charged until a voltage difference between two ends thereof
is stabilized, and then an electric potential value at the drain
of the driving thin film transistor T22 is collected. As shown
in FIG. 5¢, after the organic light emitting diode OLED is
charged for a period of time, a voltage difference between an
anode and a cathode thereof is stabilized, and then a voltage
at the drain of the driving thin film transistor T22 is read by
a data acquisition circuit ADC. Thus, voltage differences
between the two ends of the organic light emitting diode
OLED driven by a same current can be obtained.

[0069] Finally, based on an inverse proportional relation-
ship between the luminous efficiency of the organic light
emitting diode and the voltage difference between the two
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ends thereof, the actual luminous efficiency of the organic
light emitting diode OLED is calculated according to the
preset target luminous efficiency of the organic light emit-
ting diode, a corresponding electric potential value at the
drain of the driving thin film transistor, and a second driving
voltage OVSS. With a same current, the luminous efliciency
1 of the organic light emitting diode OLED is inversely
proportional to the voltage difference between the two ends
thereof. Target luminous efliciency M0 is selected to com-
pensate the luminous efficiency n of the OLED of the pixel.
The relationship between the actual luminous efficiency
and the target luminous efficiency MO of the organic light
emitting diode OLED is represented as follows:

nOM=(Vs—OVSS)/(Vs02-0VSS) 12

wherein Vs02 represents a voltage Vs when the organic light
emitting diode OLED has a target luminous efficiency 10
(N0 can be obtained by calculating an average value of
multiple luminous efficiency values of the OLEDs, and Vs02
can be obtained by calculating an average value of corre-
sponding drain potential values by a statistical method).
[0070] Subsequently, in step S120, when an image is
displayed, ) and k are compensated first. A fourth data signal
is applied to the source of the switching thin film transistor
T21. The fourth data signal enables the gate potential of the
driving thin film transistor to be:

K0 5170 13
Vie | —— (Vg-Vs)+ Vs
g ke

[0071] After that, the threshold voltage of the driving thin
film transistor is compensated, and the gate potential thereof
is:

V"=V AV, 14)

[0072] A formula for calculating luminance of the organic
light emitting diode OLED after compensation is as follows:

L=N0*kO(Vg—Vs—Vth0)> (15

wherein VthO represents a preset threshold voltage of the
driving thin film transistor, and AV, represents a difference
between the preset threshold voltage and a detected actual
threshold voltage of the driving thin film transistor.

[0073] Tt can be seen from Formula (15) that, the method
provided by the present disclosure can compensate Vth and
k of the driving thin film transistor as well as 1 of the organic
light emitting diode OLED.

[0074] The above embodiments are described only for
better understanding, rather than restricting, the present
disclosure. Any person skilled in the art can make amend-
ments to the implementing forms or details without depart-
ing from the spirit and scope of the present disclosure. The
protection scope of the present disclosure shall be deter-
mined by the scope as defined in the claims.

1. A method for driving a pixel circuit,
wherein the pixel circuit comprises a switching thin film
transistor, a driving thin film transistor, a controlling
thin film transistor, a storage capacitor, and an organic
light emitting diode,
wherein, a gate of the switching thin film transistor is
configured to input a scanning signal, a source
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thereof is configured to input a data signal, and a
drain thereofis connected to a gate of the driving thin
film transistor;
wherein, a source of the driving thin film transistor is
configured to input a first driving voltage, and a drain
thereof is connected to a drain of the controlling thin
film transistor and an anode of the organic light
emitting diode;
wherein, a gate of the controlling thin film transistor is
configured to input a control signal, and a source
thereof is configured to input an enable signal; and
wherein, a first end of the storage capacitor is con-
nected to the gate of the driving thin film transistor,
and a second end thereof is connected to the drain of
the driving thin film transistor; and
wherein a cathode of the organic light emitting diode is
connected to a second driving voltage; and
wherein the method comprises steps of:
applying a scanning signal, a data signal, a control
signal, an enable signal, a first driving voltage, and
a second driving voltage to the pixel circuit, and
obtaining an actual threshold voltage and an actual
current-to-voltage conversion factor of the driving
thin film transistor, and actual luminous efficiency of
the organic light emitting diode in sequence; and
calculating a compensation data signal inputted to the
source of the switching thin film transistor, based on the
obtained actual threshold voltage and actual current-
to-voltage conversion factor of the driving thin film
transistor and actual luminous efficiency of the organic
light emitting diode, so as to compensate a threshold
voltage and a current-to-voltage conversion factor of
the driving thin film transistor, and luminous efficiency
of the organic light emitting diode.
2. The method according to claim 1, wherein the step of
obtaining the actual threshold voltage of the driving thin film
transistor comprises sub steps of:
applying a scanning signal to the gate of the switching
thin film transistor and applying a first data signal to the
source thereof respectively, so that the gate of the
driving thin film transistor reaches a first preset initial
potential; and at the same time, applying a control
signal to the gate of the controlling thin film transistor
and applying an enable signal to the source thereof, so
that the drain of the driving thin film transistor reaches
a preset initial potential;

stopping application of the enable signal to the source of
the controlling thin film transistor, and collecting an
electric potential value at the drain of the driving thin
film transistor after the drain of the driving thin film
transistor is charged by the first driving voltage until the
pixel circuit is in a stable state; and

calculating the actual threshold voltage of the driving thin

film transistor according to an electric potential value at
the gate of the driving thin film transistor and an
electric potential value at the drain thereof.

3. The method according to claim 2, wherein the first
preset initial potential, the threshold voltage of the driving
thin film transistor, and the preset initial potential satisfy a
following condition:

Viheppp>Vdata- VCM>Vih,

wherein, Vth,, ., represents a threshold voltage of the
organic light emitting diode; Vdata represents the first preset
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initial potential; VCM represents the preset initial potential;
and Vth represents the threshold voltage of the driving thin
film transistor.

4. The method according to claim 2, wherein the step of
calculating the actual threshold voltage of the driving thin
film transistor further comprises obtaining the actual thresh-
old voltage by calculating a difference between the electric
potential value at the gate of the driving thin film transistor
and the electric potential value at the drain thereof.

5. The method according to claim 2, wherein the step of
obtaining the actual current-to-voltage conversion factor of
the driving thin film transistor comprises sub steps of:

applying a scanning signal to the gate of the switching

thin film transistor and applying a second data signal to
the source thereof respectively, so that the gate of the
driving thin film transistor reaches a second preset
initial potential, and at the same time, applying a
control signal to the gate of the controlling thin film
transistor and applying an enable signal to the source
thereof respectively, so that the drain of the driving thin
film transistor reaches a preset initial potential, wherein
the second preset initial potential equals to a sum of the
first preset initial potential and the actual threshold
voltage of the driving thin film transistor;

stopping application of the scanning signal to the gate of

the switching thin film transistor and application of the
enable signal to the source of the controlling thin film
transistor, and charging the drain of the driving thin
film transistor by the first driving voltage;

collecting an electric potential value at the drain of the

driving thin film transistor after the drain of the driving
thin film transistor is charged for a predetermined time
period; and

calculating the actual current-to-voltage conversion factor

of the driving thin film transistor, according to a preset
target current-to-voltage conversion factor of the driv-
ing thin film transistor and a corresponding electric
potential at the drain thereof, as well as the obtained
electric potential value at the drain of the driving thin
film transistor and the preset initial potential.

6. The method according to claim 3, wherein the step of
obtaining the actual current-to-voltage conversion factor of
the driving thin film transistor comprises sub steps of:

applying a scanning signal to the gate of the switching

thin film transistor and applying a second data signal to
the source thereof respectively, so that the gate of the
driving thin film transistor reaches a second preset
initial potential, and at the same time, applying a
control signal to the gate of the controlling thin film
transistor and applying an enable signal to the source
thereof respectively, so that the drain of the driving thin
film transistor reaches a preset initial potential, wherein
the second preset initial potential equals to a sum of the
first preset initial potential and the actual threshold
voltage of the driving thin film transistor;

stopping application of the scanning signal to the gate of

the switching thin film transistor and application of the
enable signal to the source of the controlling thin film
transistor, and charging the drain of the driving thin
film transistor by the first driving voltage;

collecting an electric potential value at the drain of the

driving thin film transistor after the drain of the driving
thin film transistor is charged for a predetermined time
period; and
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calculating the actual current-to-voltage conversion factor
of the driving thin film transistor, according to a preset
target current-to-voltage conversion factor of the driv-
ing thin film transistor and a corresponding electric
potential value at the drain thereof, as well as the
obtained electric potential value at the drain of the
driving thin film transistor and the preset initial poten-
tial.

7. The method according to claim 4, wherein the step of
obtaining the actual current-to-voltage conversion factor of
the driving thin film transistor comprises following steps of’

applying a scanning signal to the gate of the switching

thin film transistor and applying a second data signal to
the source thereof respectively, so that the gate of the
driving thin film transistor reaches a second preset
initial potential, and at the same time, applying a
control signal to the gate of the controlling thin film
transistor and applying an enable signal to the source
thereof respectively, so that the drain of the driving thin
film transistor reaches a preset initial potential, wherein
the second preset initial potential equals to a sum of the
first preset initial potential and the actual threshold
voltage of the driving thin film transistor;

stopping application of the scanning signal to the gate of

the switching thin film transistor and application of the
enable signal to the source of the controlling thin film
transistor, and charging the drain of the driving thin
film transistor by the first driving voltage;

collecting an electric potential value at the drain of the

driving thin film transistor after the drain of the driving
thin film transistor is charged for a predetermined time
period; and

calculating the actual current-to-voltage conversion factor

of the driving thin film transistor, according to a preset
target current-to-voltage conversion factor of the driv-
ing thin film transistor and a corresponding electric
potential value at the drain thereof, as well as the
obtained an electric potential value at the drain of the
driving thin film transistor and the preset initial poten-
tial.

8. The method according to claim 5, wherein the actual
current-to-voltage conversion factor of the driving thin film
transistor is calculated according to a following formula:

KO/k=(VS01=VCM)/ (V- VCM)

wherein, kO represents the preset target current-to-voltage
conversion factor of the driving thin film transistor; k
represents the actual current-to-voltage conversion factor of
the driving thin film transistor; Vs represents an electric
potential at the drain of the driving thin film transistor
corresponding to the actual current-to-voltage conversion
factor thereof; and Vs01 represents an electric potential at
the drain of the driving thin film transistor corresponding to
the preset target current-to-voltage conversion factor
thereof.

9. The method according to claim 6, wherein the actual
current-to-voltage conversion factor of the driving thin film
transistor is calculated according to a following formula:

KO=(Vs01-VCM)/(Vs=VCM)

wherein, kO represents the preset target current-to-voltage
conversion factor of the driving thin film transistor; k
represents the actual current-to-voltage conversion factor of
the driving thin film transistor; Vs represents an electric
potential at the drain of the driving thin film transistor
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corresponding to the actual current-to-voltage conversion
factor thereof; and Vs01 represents an electric potential at
the drain of the driving thin film transistor corresponding to
the preset target current-to-voltage conversion factor
thereof.

10. The method according to claim 7, wherein the actual
current-to-voltage conversion factor of the driving thin film
transistor is calculated according to a following formula:

KO=(Ps01-VCMY (Vs VCM)

wherein, k0 represents the preset target current-to-voltage
conversion factor of the driving thin film transistor; k
represents the actual current-to-voltage conversion fac-
tor of the driving thin film transistor; Vs represents an
electric potential at the drain of the driving thin film
transistor corresponding to the actual current-to-volt-
age conversion factor thereof; and Vs01 represents an
electric potential at the drain of the driving thin film
transistor corresponding to the preset target current-to-
voltage conversion factor thereof.
11. The method according to claim 8, wherein the step of
obtaining the actual luminous efficiency of the organic light
emitting diode comprises sub steps of:
applying a scanning signal to the gate of the switching
thin film transistor and applying a third data signal to
the source thereof respectively, so that the gate of the
driving thin film transistor reaches a third preset initial
potential; and at the same time, applying a control
signal to the gate of the controlling thin film transistor
and applying an enable signal to the source thereof
respectively, so that the drain of the driving thin film
transistor reaches a preset initial potential, wherein the
third preset initial potential is calculated based on the
first preset initial potential, the actual threshold voltage,
the preset target threshold voltage, and the preset initial
potential of the driving thin film transistor;
stopping application of the scanning signal to the gate of
the switching thin film transistor and application of the
enable signal to the source of the controlling thin film
transistor, wherein the first driving voltage enables a
current flowing through the organic light emitting diode
via the driving thin film transistor to be constant;

charging the organic light emitting diode until a voltage
difference between two ends thereof is stabilized, and
then collecting an electric potential value at the drain of
the driving thin film transistor; and

calculating the actual luminous efficiency of the organic

light emitting diode, according to preset target lumi-
nous efficiency of the organic light emitting diode and
a corresponding electric potential value at the drain of
the driving thin film transistor as well as the second
driving voltage, and based on an inverse proportional
relationship between the luminous efficiency of the
organic light emitting diode and the voltage difference
between the two ends thereof.

12. The method according to claim 9, wherein the step of
obtaining the actual luminous efficiency of the organic light
emitting diode comprises sub steps of:

applying a scanning signal to the gate of the switching

thin film transistor and applying a third data signal to
the source thereof respectively, so that the gate of the
driving thin film transistor reaches a third preset initial
potential; and at the same time, applying a control
signal to the gate of the controlling thin film transistor

Dec. 19, 2019

and applying an enable signal to the source thereof
respectively, so that the drain of the driving thin film
transistor reaches a preset initial potential, wherein the
third preset initial potential is calculated based on the
first preset initial potential, the actual threshold voltage,
the preset target threshold voltage, and the preset initial
potential of the driving thin film transistor;

stopping application of the scanning signal to the gate of
the switching thin film transistor and application of the
enable signal to the source of the controlling thin film
transistor, wherein the first driving voltage enables a
current flowing through the organic light emitting diode
via the driving thin film transistor to be constant;

charging the organic light emitting diode until a voltage
difference between two ends thereof is stabilized, and
then collecting an electric potential at the drain of the
driving thin film transistor; and

calculating the actual luminous efficiency of the organic
light emitting diode, according to preset target lumi-
nous efficiency of the organic light emitting diode and
a corresponding electric potential value at the drain of
the driving thin film transistor as well as the second
driving voltage, and based on an inverse proportional
relationship between the luminous efficiency of the
organic light emitting diode and the voltage difference
between the two ends thereof.

13. The method according to claim 10, wherein the step

of obtaining the actual luminous efficiency of the organic
light emitting diode comprises sub steps of:
applying a scanning signal to the gate of the switching

thin film transistor and applying a third data signal to
the source thereof respectively, so that the gate of the
driving thin film transistor reaches a third preset initial
potential; and at the same time, applying a control
signal to the gate of the controlling thin film transistor
and applying an enable signal to the source thereof
respectively, so that the drain of the driving thin film
transistor reaches a preset initial potential, wherein the
third preset initial potential is calculated based on the
first preset initial potential, the actual threshold voltage,
the preset target threshold voltage, and the preset initial
potential of the driving thin film transistor;

stopping application of the scanning signal to the gate of
the switching thin film transistor and application of the
enable signal to the source of the controlling thin film
transistor, wherein the first driving voltage enables a
current flowing through the organic light emitting diode
via the driving thin film transistor to be constant;

charging the organic light emitting diode until a voltage

difference between two ends thereof is stabilized, and
then collecting an electrical potential at drain of the
driving thin film transistor; and

calculating the actual luminous efficiency of the organic

light emitting diode, according to preset target lumi-
nous efficiency of the organic light emitting diode and
a corresponding electric potential value at the drain of
the driving thin film transistor as well as the second
driving voltage, and based on an inverse proportional
relationship between the luminous efficiency of the
organic light emitting diode and the voltage difference
between the two ends of thereof.

14. The method according to claim 11, wherein the third

preset initial potential is calculated according to a following
formula:
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[kO
Vg” VT (Vdata— VCM) + VCM + AVy,,

wherein, V" represents the third preset initial potential, and
AV, represents a difference between the preset target thresh-
old voltage and the actual threshold voltage of the driving
thin film transistor.

15. The method according to claim 12, wherein the third
preset initial potential is calculated according to a following
formula:

[kO
V; T (Vdata — VCM) + VCM + AV,

wherein, V" represents the third preset initial potential, and
AV, represents a difference between the preset target thresh-
old voltage and the actual threshold voltage of the driving
thin film transistor.

16. The method according to claim 13, wherein the third
preset initial potential is calculated according to a following
formula:

,kO
vy = T (Vdata — VCM) + VCM + AV,

wherein, V" represents the third preset initial potential, and
AV, represents a difference between the preset target thresh-
old voltage and the actual threshold voltage of the driving
thin film transistor.

17. The method according to claim 14, wherein the actual
luminous efficiency of the organic light emitting diode is

calculated according to a following formula:
NOM=(Vs—OVSS)/(Vs02-0VSS)

wherein, 10 represents the preset target luminous efficiency
of the organic light emitting diode; 1 represents the actual
luminous efficiency of the organic light emitting diode; Vs02
represents an electric potential at the drain of the driving thin
film transistor corresponding to the preset target luminous
efficiency of the organic light emitting diode; OVSS repre-
sents the second driving voltage; and Vs represents an
electric potential at the drain of the driving thin film tran-
sistor corresponding to the actual luminous efficiency of the
organic light emitting diode.

18. The method according to claim 15, wherein the actual
luminous efficiency of the organic light emitting diode is
calculated according to a following formula:

NOM=(Vs=OVSS)/(Vs02-0VSS)

wherein, m0 represents the preset target luminous efliciency
of the organic light emitting diode; 1 represents the actual
luminous efficiency of the organic light emitting diode; Vs02
represents an electric potential at the drain of the driving thin
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film transistor corresponding to the preset target luminous
efficiency of the organic light emitting diode; OVSS repre-
sents the second driving voltage; and Vs represents an
electric potential at the drain of the driving thin film tran-
sistor corresponding to the actual luminous efficiency of the
organic light emitting diode.

19. The method according to claim 16, wherein the actual
luminous efficiency of the organic light emitting diode is
calculated according to a following formula:

NOM=(Vs-OFSS)/(Vs02-OFSS)

wherein, 10 represents the preset target luminous efficiency
of the organic light emitting diode; 1 represents the actual
luminous efficiency of the organic light emitting diode; Vs02
represents an electric potential at the drain of the driving thin
film transistor corresponding to the preset target luminous
efficiency of the organic light emitting diode; OVSS repre-
sents the second driving voltage; and Vs represents an
electric potential at the drain of the driving thin film tran-
sistor corresponding to the actual luminous efficiency of the
organic light emitting diode.

20. The method according to claim 19, wherein the step
of calculating a compensation data signal inputted to the
source of the switching thin film transistor, based on the
obtained actual threshold voltage and actual current-to-
voltage conversion factor of the driving thin film transistor
and actual luminous efliciency of the organic light emitting
diode comprises sub steps of:

compensating the actual current-to-voltage conversion

factor of the driving thin film transistor and the actual
luminous efficiency of the organic light emitting diode
according to a following formula:

v kO «n0 Voo Vsl 4 V.
2= Tog (Vg—Vs)+ Vs,

wherein, V' represents an electric potential of the gate of the
driving thin film transistor after the actual current-to-voltage
conversion factor of the driving thin film transistor and the
actual luminous efficiency of the organic light emitting diode
are compensated;
compensating the actual threshold voltage of the driving
thin film transistor according to a following formula:

V=V A,

wherein, V," represents an electric potential of the gate of
the driving thin film transistor after the actual threshold
voltage thereof is compensated, and AV, represents a dif-
ference between the preset target threshold voltage of the
driving thin film transistor and the actual threshold voltage
thereof; and
determining a compensation data signal inputted to the
source of the switching thin film transistor, according to
the electric potential of the gate of the driving thin film
transistor after the actual threshold voltage thereof is
compensated.
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