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FIG. 1

Obtaining a threshold voltage of a driving
transistor in one of the multiple pixel circuits

Obtaining a first monitoring voltage based on
sensing charges in a sense line over a first
time period when a gate of the driving
transistor is applied with a testing voltage
equal to a sum of the threshold voltage and a
first setting voltage

|

Compensating data voltage to be applied to
a pixel circuit based on the first monitoring
voltage and the threshold voltage

(57) Abstract: Provided are display apparatus and its method for compensating
data voltages. The method for individually compensating a data voltage to be
applied to one of the multiple pixel circuits in the display apparatus. The method
includes obtaining a threshold voltage of the driving transistor in the one of
the multiple pixel circuits. Additionally, the method includes applying a testing
voltage to a gate electrode of the driving transistor for charging the sense line
up to a first time period to determine a first monitoring voltage associated with
the sense line. The testing voltage is set to be a sum of the threshold voltage
and a first setting voltage. Moreover, the method includes compensating a data
voltage to be applied to the one of the multiple pixel circuits based on the first
monitoring voltage and the threshold voltage.
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A DATA VOLTAGE COMPENSATION METHOD, A DISPLAY DRIVING
METHOD, AND A DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority of Chinese Patent Application No.
201710336094 .3, filed on May 12, 2017 and Chinese Patent Application No.
201710744950.9, filed August 25, 2017. Each of the forgoing applications is herein

incorporated by reference in its entirety for all purposes
TECHNICAL FIELD

[0002] The present disclosure relates to display technology, more particularly, to a data
voltage compensation method, a display-driving method, a data-compensation apparatus for

implementing the method, and a display apparatus thereof.
BACKGROUND

[0003] Electroluminescent device can be used as a self-luminous display device, providing
many advantages such as wide viewing angle, high contrast, and fast responding speed.
Through the technology development in electroluminescence, organic electroluminescent
devices such as organic light-emitting diode (OLED) provide superior brightness, less power
consumption, faster response rate, and broader color gamut and become a main stream

display devices over traditional inorganic electroluminescent devices.

[0004] The driving transistor that controls a current for driving light emission of the OLED
has a threshold voltage drift problem, affecting the image quality displayed by OLED. Most
conventional designs are using either internal compensation or external compensation to at
least partially compensate the threshold voltage drift for enhancing brightness uniformity of
display image for the whole display panel. External compensation has some advantages on
simplification of pixel circuit structure and display panel fabrication process and can be
flexibly adjusted in compensation algorithm to achieve better compensation effect. Yet
conventional compensation algorithms still have deficiency in compensating data voltage for
individual subpixel, limiting their compensation effects for enhancing display image

uniformity.

SUMMARY
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[0005] In an aspect, the present disclosure provides a method for compensating data
voltages in a display apparatus. The display apparatus includes multiple pixel circuits
respectively associated with multiple sub-pixels, and each of the multiple pixel circuits
includes at least a driving transistor, an organic light-emitting diode (OLED), and a sense line
coupled to the driving transistor and the OLED. The method for individually compensating a
data voltage to be applied to one of the multiple pixel circuits includes obtaining a threshold
voltage of the driving transistor in the one of the multiple pixel circuits. Additionally, the
method includes applying a testing voltage to a gate electrode of the driving transistor for
charging the sense line up to a first time period to determine a first monitoring voltage
associated with the sense line. The testing voltage is set to be a sum of the threshold voltage
and a first setting voltage. Furthermore, the method includes compensating a data voltage to
be applied to the one of the multiple pixel circuits based on the first monitoring voltage and

the threshold voltage.

[0006] Optionally, the first time period is set to be a same duration for some of the multiple
pixel circuits correspondingly for driving respective OLEDs thereof to emit light of a same
color and the first setting voltage is set to be a same voltage for each of the some of pixel

circuits.

[0007] Optionally, either the first time period is set to be a same duration for some of the
multiple pixel circuits correspondingly for driving respective OLEDs thereof to emit light of
a same color or the first setting voltage is set to be a same voltage for each of the some of the

multiple pixel circuits.

[0008] Optionally, the obtaining the threshold voltage of the driving transistor includes
applying a second setting voltage to the gate of the driving transistor to charge the sense line
up to a second time period to determine a second monitoring voltage associated with the

sense line.

[0009] Optionally, the threshold voltage is determined to be equal to a difference between

the second setting voltage and the second monitoring voltage.

[0010] Optionally, the method further includes repeating the obtaining a threshold voltage
of the driving transistor and the applying a first testing voltage to determine a first monitoring
voltage based on a triggering condition to obtain refreshed values of the threshold voltage and
the first monitoring voltage. The method additionally includes using the refreshed values for

compensating the data voltage to be applied to the one of the multiple pixel circuits.
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[0011] Optionally, the triggering condition includes at least one selected from receiving a
control command to request the repeating; turning on the display apparatus; being a first time
before every n frames of images being displayed on the display apparatus, wherein n is a
positive integer; and being a second time when a timer starts timing for measuring either the

first time period or the second time period.

[0012] Optionally, the compensating the data voltage includes making a first adjustment to
the data voltage individually due to differences between different threshold voltages of
different driving transistors in different pixel circuits correspondingly for driving respective
OLED:s thereof to emit light of a same color and making a second adjustment to the data
voltage individually due to differences between different device-parameters other than the
threshold voltage of different driving transistors in different pixel circuits correspondingly for

driving respective OLEDs thereof to emit light of the same color.

[0013] Optionally, the compensating the data voltage includes dividing the data voltage to
be applied to the one of the multiple pixel circuits by a first parameter and adding a second
parameter to obtain a compensated data voltage. The first parameter is equal to a square root
of the first monitoring voltage divided by a first constant and the second parameter is equal to

a sum of the threshold voltage and a second constant.

[0014] In another aspect, the present disclosure provides a method for driving a display
apparatus. The display apparatus includes multiple pixel circuits. Each of the multiple pixel
circuits includes a driving transistor, an organic light-emitting diode (OLED), and a sense
line coupled to the driving transistor and the OLED. The method includes applying a testing
voltage individually to a gate of a driving transistor in a pixel circuit of the multiple pixel
circuits. The testing voltage is a sum of a threshold voltage of the driving transistor and a
first setting voltage. Additionally, the method includes charging the sense line coupled to the
driving transistor by charges induced by the testing voltage. Furthermore, the method
includes converting the charges accumulated over a first time period to obtain a first
monitoring voltage associated with the sense line. The first monitoring voltage and the
testing voltage are used to deduce one or more compensation parameters individually
associated with the pixel circuit and used to compensate a data voltage to be applied to the

pixel circuit for controlling the OLED thereof to emit light for displaying a subpixel image.

[0015] Optionally, the first time period is set to be a same duration for each of some pixel

circuits corresponding to some of the multiple sub-pixels for emitting light of a same color
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and the first setting voltage is set to be a same voltage for each of the some of the multiple

pixel circuits.

[0016] Optionally, either the first time period is set to be a same duration for each of some
pixel circuits corresponding to some of the multiple sub-pixels for emitting light of a same
color or the first voltage is set to be a same voltage for each of the some of the multiple pixel

circuits.

[0017] Optionally, the method further includes applying a second setting voltage to the gate
of the driving transistor in the pixel circuit, charging the sense line coupled to the driving
transistor by charges induced by the second setting voltage, and converting the charges
accumulated over a second time period to obtain a second monitoring voltage associated with
the sense line. The second monitoring voltage and the second setting voltage are used for

deducing a threshold voltage associated with the driving transistor.

[0018] Optionally, the applying, charging, and converting are performed once a triggering
condition is met for obtaining refreshed values of the first monitoring voltage and/or the

second monitoring voltage for each of the multiple pixel circuits.

[0019] Optionally, the triggering condition includes at least one selected from: receiving a
control command to request the refreshing; turning on the display apparatus; being a first
time before every n frames of image is displayed on the display apparatus, wherein n is an

positive integer; and being a second time when a programmed timing cycle starts.

[0020] In yet another aspect, the present disclosure provides a data voltage compensation
apparatus of a display apparatus. The display apparatus includes multiple pixel circuits. Each
of the multiple pixel circuits includes a driving transistor, an organic light-emitting diode
(OLED), and a sense line coupled to the driving transistor and the OLED. The compensation
apparatus includes one compensator circuit coupled to each of the multiple pixel circuits.

The compensator circuit is configured to obtain a threshold voltage individually associated
with the driving transistor in one of the multiple pixel circuits. Additionally, the compensator
circuit is configured to apply a testing voltage to a gate of the driving transistor for charging
the sense line up to a first time period to determine a first monitoring voltage associated with
the sense line. The testing voltage is set to be a sum of the threshold voltage and a first
setting voltage. Furthermore, the compensator circuit is configured to compensate a data
voltage to be applied to the pixel circuit based on the first monitoring voltage and the

threshold voltage.



WO 2018/205615 PCT/CN2017/116541

[0021] In another aspect, the present disclosure provides a display-driving apparatus for
driving a display apparatus. The display apparatus includes multiple pixel circuits. Each of
the multiple pixel circuits includes a driving transistor, an organic light-emitting diode
(OLED), and a sense line coupled to the driving transistor and the OLED. The display-
driving apparatus includes one compensator circuit coupled to each of the multiple pixel
circuits. The compensator circuit includes a monitor circuit. The monitor circuit is
configured to sense charges in the sense line coupled to the driving transistor of one of the
multiple pixel circuits induced by a testing voltage applied to a gate of the driving transistor.
Additionally, the monitor circuit is configured to convert charges accumulated over a first
time period to a readout voltage as a first monitoring voltage individually associated with the

pixel circuit.

[0022] In another aspect, the present disclosure provides a display apparatus comprising a
data signal compensation apparatus described herein and a display-driving apparatus

described herein.

[0023] In another aspect, the present disclosure provides a display apparatus comprising a

data signal compensation apparatus described herein.

[0024] In another aspect, the present disclosure provides display apparatus comprising a

display-driving apparatus described herein.
BRIEF DESCRIPTION OF THE FIGURES

[0025] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments and are not intended to limit the scope of the present

invention.

[0026] FIG. 1is a flow chart showing a method of compensating data voltage for image

display in a display apparatus according to some embodiments of the present disclosure.

[0027] FIG. 2 is a schematic diagram showing voltage variation over time during a

capacitor charging process according to some embodiments of the present disclosure.

[0028] FIG. 3 is a simplified diagram of a pixel circuit according to an embodiment of the

present disclosure.

[0029] FIG. 4 is a timing diagram of operating the pixel circuit according an embodiment

of the present disclosure.



WO 2018/205615 PCT/CN2017/116541

[0030] FIG. 5is atiming diagram of operating the pixel circuit according to another

embodiment of the present disclosure.

[0031] FIG. 61s atiming diagram of operating the pixel circuit according to yet another

embodiment of the present disclosure.

[0032] FIG. 7is a schematic block diagram of the display apparatus having a
compensation/display-driving apparatus coupled to multiple pixel circuits according to some

embodiments of the present disclosure.
DETAILED DESCRIPTION

[0033] The disclosure will now be described more specifically with reference to the
following embodiments. It is to be noted that the following descriptions of some
embodiments are presented herein for purpose of illustration and description only. It is not

intended to be exhaustive or to be limited to the precise form disclosed.

[0034] Accordingly, the present disclosure provides, inter alia, a data voltage
compensation method, a display-driving method, a data-compensation apparatus for
implementing the method, and a display apparatus thereof that substantially obviate one or
more of the problems due to limitations and disadvantages of the related art. In one aspect,

the present disclosure provides a data voltage compensation method in a display apparatus.

[0035] FIG. 1is a flow chart showing a method of compensating data voltage for image
display in a display apparatus according to some embodiments of the present disclosure.
Here, the display apparatus is general purpose image display apparatus. Optionally, the
display apparatus includes multiple pixel circuits respectively associated with multiple sub-
pixels. Each of the multiple pixel circuits includes at least a driving transistor, an organic
light-emitting diode (OLED), and a sense line coupled to the driving transistor and the OLED.
In particular, the OLED is associated with an individual subpixel and is configured to emit
light of a color. Optionally, in the display apparatus, the light emitted from an OLED can
have any one color selected from red, yellow, green, blue, purple, pink, brown, and white or
others. Based on different color of the light emitted from the OLED, the multiple pixel
circuits can be separated from each other. In each pixel circuit, a gate of the driving
transistor is used to apply a data voltage to drive the driving transistor to connect a source to a

drain thereof to couple with the sense line and one electrode of the OLED for controlling the
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light emission. The data voltage, as if is compensated through the method described hereafter,

is able to drive the display apparatus for displaying images with improved uniformity.

[0036] Referring to FIG. 1, the method of compensating the data voltage is implemented to
each individual pixel circuit of the multiple pixel circuits in the display apparatus. In an
embodiment, the method includes obtaining a threshold voltage of the driving transistor in the
one of the multiple pixel circuits. The method further includes applying a testing voltage to a
gate electrode of the driving transistor for charging the sense line up to a first time period to
determine a first monitoring voltage associated with the sense line. The testing voltage is set
to be a sum of the threshold voltage and a first setting voltage. Additionally, the method
includes compensating a data voltage to be applied to the one of the multiple pixel circuits

based on the first monitoring voltage and the threshold voltage.

[0037] As one of applications of the method of data voltage compensation, the data voltage
to be applied to each individual pixel circuit is compensated before it is applied to the gate of
the corresponding driving transistor. The data voltage is compensated specifically for the
particular pixel circuit. After compensation, the data voltage is still applied to the same pixel
circuit originally intended to apply. Different pixel circuit may correspond to different
threshold voltage of the driving transistor thereof and different first monitoring voltage. The
compensation process associated with one pixel circuit at least includes some calculations
being independent from the calculations for other pixel circuits. However, individual
compensation does not mean that different data voltage compensations for different pixel
circuits must be separately performed in time and procedure. Instead, the method allows the
first monitoring voltage associated with each pixel circuit can be obtained simultaneously
through a single procedure. Optionally, a same one processor can be used to process multiple

data voltage compensations corresponding to multiple pixel circuits in parallel.

[0038] Optionally, the processor used to execute the method of FIG. 1 for data voltage
compensation can be a data driver, a time controller (TCON), a logic circuit capable of
performing at least partial calculation, a processor disposed in the display apparatus, a
processor disposed in an external apparatus coupled to the display apparatus, and others.
Optionally, the display apparatus can be any one of a display panel, a smart phone, a tablet
computer, a TV, a displayer, a notebook computer, a digital picture frame, a navigator or any
product or component having a display function. Optionally, the processor can be

implemented in an application-specific integrated circuit (ASIC), a digital signal processor
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(DSP), a digital signal processing device (DSPD), a programmable logic device (PLD), a
field programmable gate array (FPGA), a central processing unit (CPU), a controller, a
microcontroller, and others. Optionally, some kinds of readable storage media with
embedded programs can be included to work together with the processor mentioned above to
execute the method of data voltage compensation according to some embodiments of the

present disclosure.

[0039] Optionally, the method of obtaining the threshold voltage of the driving transistor
can be read from a storage media (originated from a factory setting, a user setting, or a testing
result, etc.), obtained by monitoring the pixel circuit, or received from an external apparatus,

and others.

[0040] Optionally, the method of obtaining the first monitoring voltage associated with the
pixel circuit can be read from a storage media, obtained by monitoring the pixel circuit, or
received from an external apparatus, and others. The value of the first monitoring voltage
obtained from a charging voltage for charging the sense line over a first time period after
applying the testing voltage to the gate of the driving transistor can be deduced using a main
processor entity specifically designed for executing the method. Alternatively, the value of
the first monitoring voltage can be obtained from other processor entity first and is
transferred to the main processor entity. The process of obtaining a value of the first
monitoring voltage can be executed at any time incorporated with the method of
compensating the data voltage to be applied to the one of the multiple pixel circuits based on

the first monitoring voltage and the threshold voltage.

[0041] Referring to FIG. 1, the testing voltage is set to be a sum of the threshold voltage
Vu and a first setting voltage Vo. Then, a source-to-drain current Ipg of the driving transistor
with its gate being applied with the testing voltage can be expressed as (assuming that a

reference voltage on the sense line is 0 V):
I =KV, +V,, - Vth)2 = KVo2

[0042] As seen from the formula, the current Ipg is independent from the value of threshold
voltage Vi but only depended on the value of the first setting voltage V, (a known value) and
the parameter K. The sense line is connected to the driving transistor and the organic light-
emitting diode (OLED). When the OLED is kept in a state of non-emission (e.g., under

reversed biasing), the source-to-drain current Ipg can be utilized to charge the sense line.
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Now the sense line is acted as one terminal of a capacitor. Under a condition that the
charging time, e.g., a first time period, is sufficiently short, a voltage value of the charged
sense line is positively correlated to the source-to-drain current Ips. As shown in FIG. 2,
different charging currents are charging a same capacitor to different voltages (vertical
coordinate) up to a same time period (horizontal coordinate) and are stopped at Tc. In the
process, the rate of voltage increase is differently affected by different charging current.
When charging the same capacitor for a same time period ended at Tc, a final higher voltage
value U1 corresponds to a larger charging current applied and a final lower voltage value U2
corresponds to a smaller charging current. Therefore to some degrees, the value of the first
monitoring voltage, which is related to the charged voltage in the sense line, is able to reflect
a value of K, which is proportional to the source-to-drain current Ing. The parameter K can

be expressed as:

K=

w
Zu-C
7 H

1
3 ox
[0043] Here, K is dependent upon the channel width W, length L, of the driving transistor,
and is also dependent upon the parameters related to carrier mobility p and capacitance Cox of
the gate insulation layer per unit area. Therefore, different value of the first monitoring
voltage associated with different driving transistors in different pixel circuits can reflect
difference in K values of different driving transistors. The first monitoring voltage obtained
through the method of the present disclosure provides another parameter for monitoring the
driving transistor. Optionally, in order to use the first monitoring voltage to more accurately
reflect the difference in K values of different driving transistors in different pixel circuits
correspondingly for driving respective OLEDs thereof to emit light of a same color, it is
preferred to set the first time period used to charging the sense line a same duration for each
of some of the multiple pixel circuits correspondingly for driving respective OLEDs thereof
to emit light of a same color. At the same time, it is preferred to set the first setting voltage
V) to be a same voltage for each of some of the multiple pixel circuits correspondingly for
driving respective OLEDs thereof to emit light of a same color. Or in an alternative
embodiment, only one of above two set parameters, i.e., the first time period for charging the
sense line and the first setting voltage Vy, is set to be a same value for each of some of the
multiple pixel circuits correspondingly for driving respective OLEDs thereof to emit light of

a same color. For pixel circuits correspondingly for driving respective OLEDs thereof to
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emit light of different color, the setting of the first time period and the first setting voltage can

be arbitrary depending on specific applications.

[0044] Optionally, the method of compensating the data voltage includes providing a
uniform driving current for respective OLEDs when a same data voltage is applied to all
driving transistors of different pixel circuits correspondingly for driving respective OLEDs
thereof to emit light of a same color. Because of the driving current variation among
different OLEDs in different pixel circuits is mainly originated from the variations among
different driving transistors in these pixel circuits, the values of the threshold voltage
obtained according to the method of the present disclosure can individually reflect the
threshold voltage variations of the driving transistors. The threshold voltage value obtained
according to the method can be used to substantially accurately compensate the driving
current deviations caused by the threshold voltage variations of the driving transistors. At the
same time, the values of the first monitoring voltage obtained according to the method of the
present disclosure can compensate the driving current deviations caused by variations of
other parameters (other than threshold voltage) of the driving transistors. Of course, these
compensations can be realized not only for pixel circuits configured to emit light of a same
color but also for pixel circuits configured to emit light of different colors, based on a same

method.

[0045] In another aspect, the present disclosure provides a method for driving a display
apparatus including multiple pixel circuits. Each of the multiple pixel circuits includes a
driving transistor, an organic light-emitting diode (OLED), and a sense line coupled to the
driving transistor and the OLED. The method includes applying a testing voltage
individually to a gate of a driving transistor in a pixel circuit of the multiple pixel circuits.
The testing voltage is a sum of a threshold voltage of the driving transistor and a first setting
voltage. The method further includes charging the sense line coupled to the driving transistor
by charges induced by the testing voltage. Additionally, the method includes converting the
charges accumulated over a first time period to obtain a first monitoring voltage associated
with the sense line. The first monitoring voltage and the testing voltage are used to deduce
one or more compensation parameters individually associated with the pixel circuit and used
to compensate a data voltage to be applied to the pixel circuit for controlling the OLED

thereof to emit light for displaying a subpixel image with desired brightness.

10
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[0046] FIG. 3 is a simplified diagram of a pixel circuit according to an embodiment of the
present disclosure. FIG. 3 shows an example of the pixel circuit in the display apparatus that
is driven by the method disclosed above. Referring to FIG. 3, the pixel circuit includes a
driving transistor TO, a first transistor T1, a second transistor T2, a storage capacitor C1, and
an organic light-emitting diode D1. The first transistor T1 includes a gate coupled to a first
row of scan line E1, a first electrode coupled to a data line DL, and a second electrode
coupled to the gate of the driving transistor. The first transistor T1 is configured to connect
or disconnect the data line DL to or from the gate of the driving transistor TO under controls
of the voltage signal from the first row of scan line E1. The second transistor T2 includes a
gate coupled to a second row of scan line E2, a first electrode coupled to the second electrode
of the driving transistor TO and a first electrode of the organic light-emitting diode D1, and a
second electrode coupled to the sense line SL. The second transistor T2 is configured to
connect or disconnect the second electrode of the driving transistor TO to or from the sense
line SL under controls of the voltage signal from the second row of scan line E2. The storage
capacitor C1 is disposed between the gate and the second electrode of the driving transistor
TO and is configured to store a data voltage applied to the pixel circuit. The storage capacitor
Cl1 is also configured to clamp the gate and the second electrode with a voltage bootstrapping

effect.

[0047] Additionally, the first electrode of the driving transistor TO is coupled to a bias
voltage line VDD. The second electrode of the organic light-emitting diode D1 is coupled to
a reference voltage line Vss. Optionally, the first electrode and the second electrode of each
transistor mentioned above can be either a source electrode or a drain electrode, which are
symmetrically laid therein. Optionally, the source electrode and the drain electrode can be set
properly to respective first electrode or second electrode based on specific transistor type to

match the current direction accordingly.

[0048] In an embodiment, the display apparatus includes multiple pixel circuits arranged in
a matrix with multiple rows and columns. Each row of pixel circuits shares a same (first) row
of scan line E1 and a same (second) row of scan line E2. Each column of pixel circuits
shares a same sense line SL and a same data line DL. Accordingly, at least one process of
applying data voltage to the pixel circuits, compensating the data voltage, and monitoring the
data-compensation parameters to a particular pixel circuit in the matrix can be performed

according to its row/column address therein.

11
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[0049] Conventionally, the data voltage compensation is performed in following process:
setting a target voltage value based on emission brightness of pixel circuit, obtaining a
voltage difference between a voltage value read from the charged sense line and the target
voltage value, using the voltage difference as a feedback parameter to adjust the data voltage,
and making the voltage value read from the sense line to be closer and closer to the target
voltage level as time goes to make the pixel circuit to drive light emission with the preset
emission brightness. In reality, it takes a very long time to make the voltage value read from
the sense line to reach the target voltage value while shortening the time makes the
compensation effect poor. Additionally, the target voltage values for some emission
brightness especially low grayscale emission brightness need to be calculated using other
target voltage values for other emission brightness, which are usually deviated far from actual

voltage value and poor in compensation effect.

[0050] In the embodiment of the present disclosure, the method for driving the display
apparatus by monitoring individual data-compensation parameter associated with each of the
multiple pixel circuits includes: sensing a voltage value from the charged sense line induced
by a testing voltage applied to the gate of the driving transistor up to a first time period, and

reading out the voltage value in the sense line as a first monitoring voltage.

[0051] Referring to FIG. 3 shown with one pixel circuit in the display apparatus, the
method of driving the display apparatus includes using the voltage signals on the first row
scan line E1 and the second row scan line E2 to respectively turn on the first transistor T1 and
the second transistor T2, applying a testing voltage through the data line DL to the gate of the
driving transistor TO. Then, method includes, starting from a time point, setting the sense
line to a floating state, generating a current flown from the bias voltage line VDD through the
first electrode and the second electrode of the driving transistor TO and further through the
first electrode and the second electrode of the second transistor T2 to charge the sense line SL.
After the first time period counted from the time point, the method further includes
controlling the voltage signal at the second row scan line E2 to turn off the second transistor
T2 so that a voltage value in the charged sense line can be read out as the first monitoring

voltage.

[0052] FIG. 4 is a timing diagram of operating the pixel circuit of FIG. 3 according an
embodiment of the present disclosure. Referring to FIG. 3 and FIG. 4, at a first time point t1,

the first row scan line E1 is applied with a high-voltage signal to turn on the first transistor T1

12
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and the second row scan line E2 is also applied with a high-voltage signal to turn on the
second transistor T2. At the same time, the data line DL is applied with the testing voltage.
From this time t1 and on, the two electrodes of the storage capacitor C1 will be written to a
voltage difference equal to the testing voltage, which is maintained there. At a second time
point t2, when the first row scan line E1 is changed to apply a low-voltage signal and the data
line DL stops applying the testing voltage, the gate of the driving transistor TO is in a floating
state. (In another embodiment, the second time point t2 can be set at a moment when the data
line stops applying the testing voltage or the first row scan line E1 is switching from a
switch-on voltage level for T1 to a switch-off voltage level). From t2 and on, due to the
charge-retention effect of the storage capacitor C1, the two electrodes of C1 continues to
keep the voltage difference equal to the testing voltage to charge the sense line started from t2
when the sense line is set to a floating state. The current Ipg is kept at a constant value
independent from the threshold voltage Vy, of the driving transistor TO. As the charging
continues, the voltage value in the sense line increases at a constant rate until a third time

point t3 when the second row scan line E2 is switched to a low-voltage signal.

[0053] Referring to FIG. 4, it can be seen from the diagram, that the voltage value read in
the sense line SL is the first monitoring voltage equal to a product of the first time period
from t2 to t3 (i.e., t3-t2) and the Ipg at a substantially constant value. Therefore, the first
monitoring voltage is independent from the threshold voltage Vy, of the driving transistor TO
so that it can reflect the value of parameter K associated with the driving transistor TO. In the
embodiment, the length of the first time period can be set by setting either t2 and/or t3. In
order to avoid the parasitic capacitance of the sense line is fully charged too early to lead a
value of the first monitoring voltage that does not accurately reflect the value of parameter K,
the first time period can be set based on the parasitic capacitance value of the sense line SL.
Accordingly, the voltage value read from the sense line is still increasing with a constant rate

before the third time point t3.

[0054] FIG. 5is a timing diagram of operating the pixel circuit according to another
embodiment of the present disclosure. Referring to FIG. 5, the timing of operating the pixel
circuit is changed. At any time between the second time point t2 and the third time point t3,
the first row scan line E1 is kept a switch-on voltage level for the first transistor T1. The data
line DL is applying the testing voltage during this time period. Unlike the embodiment
shown in FIG. 4, the voltage difference between the two electrodes of the storage capacitor

C1 will change during the time period between t2 and t3. If this time period is sufficiently
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long, the voltage value read from the sense line SL will increase with a faster rate at the
beginning and gradually increase with slower rates later on. By setting the time period
sufficiently short, the voltage value read from the sense line can still be considered to
increase with a proximately constant rate. Based on this, the first monitoring voltage can be
obtained and be considered to still reflect the value of parameter K associated with the

driving transistor TO.

[0055] In general, the method of compensating the data voltage can be performed by using
an one-step calculation. The time needed for making the data voltage compensation is
substantially reduced comparing to gradually approaching the target voltage value in the
conventional compensation scheme. It also overcomes some drawbacks of poor
compensation effect due to large deviation from actual voltage levels for small emission
brightness subpixels. Many more advantages of the method of the present disclosure can be

found throughout the specification and particularly below.

[0056] In an embodiment, the method of obtaining the threshold voltage of the driving
transistor can be obtained from values of a second monitoring voltage and a second setting
voltage. In particular, the second monitoring voltage is a voltage value read from the sense
line being charged over a second time period when a second setting voltage is applied to the
gate of the driving transistor. The second setting voltage and the second monitoring voltage
are used to calculate the threshold voltage of the driving transistor. The monitoring process
of data-voltage compensation parameters can include both the process of obtaining the first
monitoring voltage and the process of obtaining the second monitoring voltage. In the
embodiment, the threshold voltage can be obtained by taking a difference between the second

setting voltage and the second monitoring voltage.

[0057] Optionally, this process can be executed by the main processor entity that used for
performing data voltage compensation or can be performed by other processor entities which
pass the information of the readout value back to the main processor entity for the data
voltage compensation. Optionally, this process can be implemented any time before the main
processor entity to perform the step of compensating the data voltage shown in FIG. 1.
Optionally, the process of obtaining the threshold voltage value and the process of obtaining
the first monitoring voltage can be implemented within a certain time range executed without
fixing timing priority in process. Optionally, the process of obtaining the first monitoring

voltage and the process of obtaining the second monitoring voltage also can be implemented
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within a certain time range executed without fixing timing priority in process. Optionally, the
threshold voltage used in the testing voltage applied to the gate of driving transistor for
obtaining the first monitoring voltage can be obtained any time before the testing voltage is
applied. Optionally, the process of applying a second setting voltage to the gate of driving
transistor for obtaining a refreshed threshold voltage may be performed but not necessary
every time before the process of applying the testing voltage to include the refreshed

threshold voltage for obtaining the first monitoring voltage.

[0058] FIG. 61s a timing diagram of operating the pixel circuit according to yet another
embodiment of the present disclosure. Referring to FIG. 6 and using the pixel circuit of FIG.
3 as an example, an operation step of the pixel circuit includes, before a fourth time point t4,
controlling voltage signals applied to the first row scan line E1 and the second row scan line
E2 to respectively turn on the first transistor T1 and the second transistor T2. Then, another
operation step includes applying a second setting voltage through the data line DL to the gate
of the driving transistor TO. At the fourth time point t4, the sense line SL is set to a floating
state so that a current flown from the bias voltage line VDD through the first electrode and
the second electrode of the driving transistor TO and further through the first electrode and
the second electrode of the second transistor T2 is charging the sense line SL. When no
current flows through the organic light-emitting diode D1, the above charging process will
push the voltage level higher and higher at the second electrode of the driving transistor TO
until the driving transistor is blocked. Then, the voltage difference between the gate and the
second electrode of the driving transistor TO will be kept a constant equal to the threshold
voltage of the driving transistor. Another time point t5 after the fourth time point t4 is
defined as a time point when switching the voltage signal applied to the second row scan line
E2 from a switch-on signal to a switch-off signal. With tS and t4 time points, a second time
period is defined as t5-t4. By setting the second time period sufficiently long, the voltage
value on the sense line being charged by the applied second setting voltage can be read out as
the second monitoring voltage. As a result, the threshold voltage of the driving transistor can
be obtained by using the second setting voltage to subtract the second monitoring voltage.
Optionally, at least another way to ensure no current is flowing through the organic light-
emitting diode D1 during above process is to add a transistor to disconnect the second
electrode of the driving transistor TO and the first electrode of the organic light-emitting

diode D1. Other options are possible.
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[0059] Thus, based on above operation steps of the pixel circuit for driving the display
apparatus are able to obtain the threshold voltage value of the driving transistor in the pixel
circuit. Further, the threshold voltage can be used in the method of data voltage
compensation to compensate the data voltage to be applied to the same pixel circuit. For the
multiple pixel circuits arranged in a form of matrix in the display apparatus, the threshold
voltage values of each row of pixel circuits can be obtained one by one based on
corresponding row/column address. Additionally, for each individual pixel circuit, the
voltage value read from each corresponding sense line during above process for obtaining the
second monitoring voltage by applying a second setting voltage to the gate of driving
transistor can be further corrected to remove system errors and noise signals to obtain the

final threshold voltage value with improved measurement accuracy.

[0060] In the method of data voltage compensation and the method of driving the display
apparatus with data voltage compensation, the values of the threshold voltage and the first
monitoring voltage can be refreshed from time to time whenever a triggering condition is
satisfied. The step of compensating the data voltage to be applied to pixel circuit in the
method of data voltage compensation can be performed using the most refreshed values of
the threshold voltage and the first monitoring voltage obtained in latest operation. The step
of monitoring data-voltage compensation parameter associated with each driving transistor of
corresponding one of the multiple pixel circuits can be performed at least once whenever the

triggering condition is satisfied.

[0061] In an example, a step of monitoring the data-voltage compensation parameter can be
performed once at a first time point before displaying every frame of image of the display
apparatus. This is equivalent to set a time point of monitoring compensation parameter
within each frame of image. Performing the step leads to a first monitoring voltage and/or a
second monitoring voltage which can be used for performing data voltage compensation
within the frame of image. Optionally, a step of monitoring the data-voltage compensation
parameter can be performed once at a first time point before displaying every n frames of
images of the display apparatus. The step leads to a first monitoring voltage and/or a second
monitoring voltage which can be used for performing data voltage compensation in a time
period for displaying next n frames of images after the first time point. Here, n can be a
positive integer equal to and greater than 1. In other words, the refresh cycle for monitoring
data voltage compensation parameter is depended on the display cycle. Of course, the refresh

cycle for monitoring data voltage compensation parameter can also be independent to the
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display cycle. For example, the refresh cycle for monitoring data voltage compensation
parameter can be set by a timer, e.g., one day, or one week. The display apparatus can be
programmed to perform the step of monitoring data voltage compensation parameter once at
a second time point after the timer starts its cycle at a present time. The values of the first
monitoring voltage and/or the second monitoring voltage obtained thereof can be used to

compensate the data voltage within the cycle set by the timer.

[0062] In another example, a step of monitoring the data-voltage compensation parameter
can be performed once at a first time point when starting the display apparatus. Performing
the step leads to a first monitoring voltage and/or a second monitoring voltage which can be
used for performing data voltage compensation before they are refreshed next time. In yet
another example, a step of monitoring the data-voltage compensation parameter can be
performed once at a first time point when the display apparatus receives a shut-off instruction.
Performing the step leads to a first monitoring voltage and/or a second monitoring voltage
which can be used for performing data voltage compensation before they are refreshed next
time. In still another example, a step of monitoring the data-voltage compensation parameter
can be performed once at a first time point when the display apparatus receives a control
instruction to trigger the refreshing of the data compensation parameter. The control
instruction may be originated from a user input or from other equipment within the display
apparatus or from an external apparatus outside the display apparatus. Performing the step
leads to a first monitoring voltage and/or a second monitoring voltage which can be used for
performing data voltage compensation before they are refreshed next time. In general, an
arbitrary combination of all possible triggering conditions mentioned in above examples can
be implemented for performing the step to obtain refreshed values of threshold voltage and
the first monitoring voltage in order to perform individual data voltage compensation for each

pixel circuit in the display apparatus.

[0063] In a specific example of the data voltage compensation, provided with the data
voltage to be applied to the pixel circuit is V,,, the compensated data voltage can be
obtained by dividing the Vg, by a first parameter then adding a second parameter. The first
parameter is selected to be a square root of the first monitoring voltage (V) dividing a first
constant = a+/b . The second parameter is selected to be the threshold voltage (Vin) plus a

second constant = O or a small error correction value. Here a is preset reference value and b

is a coefficient satisfying a relationship of an expected emission brightness 7 versus the data
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voltage Vgua: L = bV, . Therefore, based on the preset constant value of @ and b, and

obtained values of Vg, and Vy,, a compensated data voltage can be obtained on the basis of

original data voltage Vgaa.

[0064] In another specific example of the data voltage compensation, provided with the
data voltage to be applied to the pixel circuit is Vya,, a corresponding emission brightness 1.
can be calculated. Dividing L by the first monitoring voltage Vg obtains a quotient value.
The compensated data voltage can be obtained by taking a square root of the quotient value

and multiplying a preset constant value a before adding the threshold voltage value Vy,. Here

the emission brightness L can be obtained using the relationship of L = bV,

... Alternatively,
the emission brightness /. can be obtained using a function of L. = AGLi,), where GLiy 1s a
grayscale value of an image signal or video signal corresponding to original data voltage. fis
a function for converting the grayscale value to a brightness value and is determined by a
gamma curve (brightness coefficient curve) to be realized by the display apparatus. The f
function is different when the gamma curve varies. Note, the method of compensating the
data voltage of the present disclosure does not need to the process of how to obtain the

original data voltage.

[0065] In an example for setting the constant value a, based on the calculation scheme of
obtaining the compensated data voltage V¢, samples of the display apparatus can be selected
to test. Using a value of V, corresponding to target compensation effect, calculated values
of Vg and L, and measured value of Vy, the value of a can be calculated and set for usage in

all data voltage compensation of the display apparatus of the same kind.

[0066] Optionally, the constant a being set above is used for driving all pixel circuits in the
display apparatus correspondingly for emitting light of a same color. The value of a can still
be adjusted during general operation of the display apparatus. Additionally, other parameters
associated with each pixel circuit in the display apparatus correspondingly for emitting light
of a same color include at least one of the first time period (for charging the sense line), the
first setting voltage (for making up the testing voltage), the second setting voltage (for

determining the second monitoring voltage), the first parameter, and the second parameter.

[0067] In another aspect, the present disclosure provides a data voltage compensation
apparatus in a display apparatus including multiple pixel circuits. Each of the multiple pixel

circuits includes a driving transistor, an organic light-emitting diode (OLED), and a sense
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line coupled to the driving transistor and the OLED. FIG. 7 shows a schematic block
diagram of the display apparatus having a compensation apparatus coupled to multiple pixel
circuits according to some embodiments of the present disclosure. The compensation
apparatus includes one compensator circuit coupled to each pixel circuit (P.C.) for
performing individual data voltage compensation. Optionally, each P.C. is substantially
similar to one pixel circuit described in FIG. 3. The compensator circuit is configured to
obtain a threshold voltage individually associated with the driving transistor in one of the
multiple pixel circuits. Additionally, the compensator circuit is configured to apply a testing
voltage to a gate of the driving transistor for charging the sense line up to a first time period
to determine a first monitoring voltage associated with the sense line. Optionally, the
compensation apparatus includes a control driver configured with the compensator circuit to
generate one or more control voltage signals including one for controlling the first transistor
T1 and the second transistor T2 in each pixel circuit and one or more testing voltage or first
setting voltage for the data voltage compensation operation. Optionally, the compensation
apparatus is configured to generate all these voltage signals. The testing voltage is set to be a
sum of the threshold voltage and a first setting voltage. Moreover, the compensator circuit is
configured to compensate a data voltage to be applied to the pixel circuit based on the first

monitoring voltage and the threshold voltage.

[0068] Optionally, for each of some pixel circuits corresponding to some of the multiple

sub-pixels for emitting light of a same color the first time period of charging the sense line is
set to be a same duration and the first setting voltage is set to be a same voltage. Optionally,
for each of some pixel circuits corresponding to some of the multiple sub-pixels for emitting
light of a same color either the first time period of charging the sense line is set to be a same

duration or the first setting voltage is set to be a same voltage.

[0069] Optionally, the threshold voltage of the driving transistor is obtained each time
based on a second monitoring voltage and a second setting voltage. The second monitoring
voltage is a voltage value read from the sense line charged by applying the second setting
voltage to the gate of the driving transistor over a second time period. Optionally, the
threshold voltage is obtained by subtracting the second monitoring voltage from the second

setting voltage.

[0070] Optionally, obtaining the threshold voltage and/or the first monitoring voltage is

refreshed whenever a triggering condition is satisfied. The compensator circuit in the data
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voltage compensation apparatus is configured to performing data voltage compensation based
on the refreshed values of the threshold voltage and the first monitoring voltage obtained in

latest monitoring operation.

[0071] Optionally, the compensator circuit is configured to compensate a deviation caused
by difference in threshold voltages of different driving transistors among different pixel
circuits correspondingly for driving OLEDs thereof to emit light of a same color.
Additionally, the compensator circuit is configured to compensate another deviation caused
by difference in other parameters other than the threshold voltage associated with the driving
transistors among different pixel circuits correspondingly for driving OLEDs thereof to emit

light of a same color.

[0072] In yet another aspect, the present disclosure provides a display-driving apparatus for
a display apparatus including multiple pixel circuits. Each of the multiple pixel circuits
includes a driving transistor, an organic light-emitting diode (OLED), and a sense line
coupled to the driving transistor and the OLED. FIG. 7 also shows a schematic block
diagram of the display apparatus having a display-driving apparatus coupled to multiple pixel
circuits according to some embodiments of the present disclosure. The display-driving
apparatus includes one compensator circuit coupled to each of the multiple pixel circuits.
Optionally, each pixel circuit (P.C.) is substantially similar to one pixel circuit described in
FIG. 3. Optionally, the compensator circuit includes a monitor circuit. Optionally, the
display-driving apparatus includes a control driver to generate one or more control voltage
signals including one for controlling the first transistor T1 and the second transistor T2 in
each pixel circuit. Optionally, the display-driving apparatus is further configured to coupled
the control driver with the compensator circuit and further with the monitor circuit to
generate one or more testing voltage, a first setting voltage, and a second setting voltage for
the data voltage compensation operation as well as compensation parameter monitoring
operation. Optionally, the display-driving apparatus is configured to generate all these
voltage signals. Additionally, The monitor circuit is configured to sense charges in the sense
line coupled to the driving transistor of one of the multiple pixel circuits induced by a testing
voltage applied to a gate of the driving transistor. Furthermore, the monitor circuit is
configured to convert charges accumulated over a first time period to a readout voltage as a
first monitoring voltage individually associated with the pixel circuit. Furthermore, the
monitor circuit is configured to sense charges in the sense line coupled to the driving

transistor of one of the multiple pixel circuits induced by a second setting voltage applied to
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the gate of the driving transistor and convert charges accumulated over a second time period
to a readout voltage as a second monitoring voltage individually associated with the pixel
circuit. The second monitoring voltage and the second setting voltage are used to determine a
threshold voltage of the driving transistor. Moreover, the monitor circuit is configured to
perform the monitoring operation above at least once based on a triggering condition. The
triggering condition includes at least one selected from selected from receiving a control
command to request the refreshing; turning on the display apparatus; being a first time before
every n frames of image is displayed on the display apparatus, where n is an positive integer;
and being a second time when a programmed timing cycle starts. The refreshed values of the
threshold voltage and the first monitoring voltage obtained in the latest monitoring operation
will be used by the compensator circuit of the display-driving apparatus to perform data

voltage compensation.

[0073] In still another aspect, the present disclosure provides a display apparatus including
a data signal compensation apparatus described herein and a display-driving apparatus
described herein. Alternatively, the present disclosure provides a display apparatus
comprising a data signal compensation apparatus described herein. Alternatively, the present
disclosure provides a display apparatus including a display-driving apparatus described
herein. Optionally, the display apparatus can be one of smart phone, tablet computer, TV,
displayer, notebook computer, digital picture frame, navigator, or any product and component

having a display function.

[0074] The foregoing description of the embodiments of the invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form or to exemplary embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to practitioners skilled in this art. The
embodiments are chosen and described in order to explain the principles of the invention and
its best mode practical application, thereby to enable persons skilled in the art to understand
the invention for various embodiments and with various modifications as are suited to the
particular use or implementation contemplated. It is intended that the scope of the invention
be defined by the claims appended hereto and their equivalents in which all terms are meant
in their broadest reasonable sense unless otherwise indicated. Therefore, the term “the

2

invention”, “the present invention” or the like does not necessarily limit the claim scope to a

specific embodiment, and the reference to exemplary embodiments of the invention does not
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imply a limitation on the invention, and no such limitation is to be inferred. The invention is
limited only by the spirit and scope of the appended claims. Moreover, these claims may
refer to use “first”, “second”, etc. following with noun or element. Such terms should be
understood as a nomenclature and should not be construed as giving the limitation on the
number of the elements modified by such nomenclature unless specific number has been
given. Any advantages and benefits described may not apply to all embodiments of the
invention. It should be appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing from the scope of the present
invention as defined by the following claims. Moreover, no element and component in the
present disclosure is intended to be dedicated to the public regardless of whether the element

or component is explicitly recited in the following claims.
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WHAT IS CLAIMED IS:

1. A method for compensating data voltages in a display apparatus,
wherein the display apparatus includes multiple pixel circuits respectively associated with
multiple sub-pixels, and each of the multiple pixel circuits includes at least a driving
transistor, an organic light-emitting diode (OLED), and a sense line coupled to the driving
transistor and the OLED, the method for individually compensating a data voltage to be
applied to one of the multiple pixel circuits comprising:

obtaining a threshold voltage of the driving transistor in the one of the
multiple pixel circuits;

applying a testing voltage to a gate electrode of the driving transistor for
charging the sense line up to a first time period to determine a first monitoring voltage
associated with the sense line, wherein the testing voltage is set to be a sum of the threshold
voltage and a first setting voltage; and

compensating a data voltage to be applied to the one of the multiple pixel

circuits based on the first monitoring voltage and the threshold voltage.

2. The method of claim 1, wherein the first time period is set to be a same
duration for some of the multiple pixel circuits correspondingly for driving respective OLEDs
thereof to emit light of a same color and the first setting voltage is set to be a same voltage for

each of the some of pixel circuits.

3. The method of claim 1, wherein either the first time period is set to be
a same duration for some of the multiple pixel circuits correspondingly for driving respective
OLED:s thereof to emit light of a same color or the first setting voltage is set to be a same

voltage for each of the some of the multiple pixel circuits.

4. The method of claim 1, wherein the obtaining the threshold voltage of
the driving transistor comprises applying a second setting voltage to the gate of the driving
transistor to charge the sense line up to a second time period to determine a second

monitoring voltage associated with the sense line.

5. The method of claim 4, wherein the threshold voltage is determined to
be equal to a difference between the second setting voltage and the second monitoring

voltage.
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6. The method of claim 1, further comprising repeating the obtaining a
threshold voltage of the driving transistor and the applying a first testing voltage to determine
a first monitoring voltage based on a triggering condition to obtain refreshed values of the
threshold voltage and the first monitoring voltage; using the refreshed values for

compensating the data voltage to be applied to the one of the multiple pixel circuits.

7. The method of claim 6, wherein the triggering condition comprises at
least one selected from:

receiving a control command to request the repeating;

turning on the display apparatus;

being a first time before every n frames of images being displayed on the
display apparatus, wherein n is a positive integer; and

being a second time when a timer starts timing for measuring either the first

time period or the second time period.

8. The method of claim 1, wherein the compensating the data voltage
comprises making a first adjustment to the data voltage individually due to differences
between different threshold voltages of different driving transistors in different pixel circuits
correspondingly for driving respective OLEDs thereof to emit light of a same color and
making a second adjustment to the data voltage individually due to differences between
different device-parameters other than the threshold voltage of different driving transistors in
different pixel circuits correspondingly for driving respective OLEDs thereof to emit light of

the same color.

9. The method of claim 1, wherein the compensating the data voltage
comprises dividing the data voltage to be applied to the one of the multiple pixel circuits by a
first parameter and adding a second parameter to obtain a compensated data voltage, wherein
the first parameter is equal to a square root of the first monitoring voltage divided by a first
constant and the second parameter is equal to a sum of the threshold voltage and a second

constant.

10. A method for driving a display apparatus, the display apparatus
including multiple pixel circuits, each of the multiple pixel circuits including a driving
transistor, an organic light-emitting diode (OLED), and a sense line coupled to the driving

transistor and the OLED, the method comprising:
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applying a testing voltage individually to a gate of a driving transistor in a
pixel circuit of the multiple pixel circuits, the testing voltage being a sum of a threshold
voltage of the driving transistor and a first setting voltage;

charging the sense line coupled to the driving transistor by charges induced by
the testing voltage; and

converting the charges accumulated over a first time period to obtain a first
monitoring voltage associated with the sense line, wherein the first monitoring voltage and
the testing voltage are used to deduce one or more compensation parameters individually
associated with the pixel circuit and used to compensate a data voltage to be applied to the

pixel circuit for controlling the OLED thereof to emit light for displaying a subpixel image.

11. The method of claim 10, wherein the first time period is set to be a
same duration for each of some pixel circuits corresponding to some of the multiple sub-
pixels for emitting light of a same color and the first setting voltage is set to be a same

voltage for each of the some of the multiple pixel circuits.

12. The method of claim 10, wherein either the first time period is set to be
a same duration for each of some pixel circuits corresponding to some of the multiple sub-
pixels for emitting light of a same color or the first voltage is set to be a same voltage for

each of the some of the multiple pixel circuits.

13. The method of claim 10, further comprising:

applying a second setting voltage to the gate of the driving transistor in the
pixel circuit;

charging the sense line coupled to the driving transistor by charges induced by
the second setting voltage; and

converting the charges accumulated over a second time period to obtain a
second monitoring voltage associated with the sense line, wherein the second monitoring
voltage and the second setting voltage are used for deducing a threshold voltage associated

with the driving transistor.

14. The method of claim 13, wherein the applying, charging, and
converting are performed once a triggering condition is met for obtaining refreshed values of
the first monitoring voltage and/or the second monitoring voltage for each of the multiple

pixel circuits.
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15. The method of claim 14, wherein the triggering condition comprises at
least one selected from:

receiving a control command to request the refreshing;

turning on the display apparatus;

being a first time before every n frames of image is displayed on the display
apparatus, wherein n is an positive integer; and

being a second time when a programmed timing cycle starts.

16. A data voltage compensation apparatus of a display apparatus, the
display apparatus including multiple pixel circuits, each of the multiple pixel circuits
including a driving transistor, an organic light-emitting diode (OLED), and a sense line
coupled to the driving transistor and the OLED, the compensation apparatus comprising one
compensator circuit coupled to each of the multiple pixel circuits, wherein the compensator
circuit is configured to

obtain a threshold voltage individually associated with the driving transistor in
one of the multiple pixel circuits;

apply a testing voltage to a gate of the driving transistor for charging the sense
line up to a first time period to determine a first monitoring voltage associated with the sense
line, wherein the testing voltage is set to be a sum of the threshold voltage and a first setting
voltage; and

compensate a data voltage to be applied to the pixel circuit based on the first

monitoring voltage and the threshold voltage.

17. A display-driving apparatus for driving a display apparatus, the display
apparatus including multiple pixel circuits, each of the multiple pixel circuits including a
driving transistor, an organic light-emitting diode (OLED), and a sense line coupled to the
driving transistor and the OLED, the display-driving apparatus comprising one compensator
circuit coupled to each of the multiple pixel circuits, the compensator circuit comprising a
monitor circuit, the monitor circuit is configured to

sense charges in the sense line coupled to the driving transistor of one of the
multiple pixel circuits induced by a testing voltage applied to a gate of the driving transistor;
and

convert charges accumulated over a first time period to a readout voltage as a

first monitoring voltage individually associated with the pixel circuit.
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18. A display apparatus comprising a data voltage compensation apparatus

of claim 16 and a display-driving apparatus of claim 17.

19. A display apparatus comprising a data voltage compensation apparatus

of claim 16.

20. A display apparatus comprising a display-driving apparatus of claim

17.
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