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DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a field of display
technology, and in particularly, relates to a display device
and a method of driving the same.

BACKGROUND ART

[0002] In recent years, an Organic Light Emitting Diode
(OLED) display becomes a newly-developing flat panel
display which is very popular around the world, due to its
characteristics such as self-luminous, wide viewing angle,
short response time, high luminous efficiency, wide color
gamut, thin thickness, capable of being made to be a large
size and flexible display, simple manufacturing processes,
etc. Moreover, it has a potential of being low cost.

[0003] The existing OLED display can be divided into a
passive matrix OLED (PMOLED) and an active matrix
OLED (AMOLED). In the AMOLED, the brightness gray-
scale performance is controlled by generally using thin film
transistors (TFTs) together with capacitance storage signal.
In the current OLED driving, a constant current is generally
used for driving, and is defined as: IOLED:k(VSg—Vth)z,
wherein Kk is an intrinsic conductive factor, which is deter-
mined by characteristic of a thin film transistor itself, V, is
a threshold voltage of the thin film transistor, and V=V -
V..V, generally equals to a power positive voltage provided
by a power voltage supply.

[0004] In the prior art, factors of instability of panel
product process, heat dissipation problem of the power
voltage supply and instability of panel load may cause
variation in the power positive voltage generated in the
power voltage supply, a magnitude of current flowing in the
OLED will be driven in this way, thereby resulting in a
variation in a driving current of the OLED.

SUMMARY

[0005] In order to solve the above problem in the prior art,
an object of the present disclosure is to provide a display
device, which allow a driving current to be constant when
the power positive voltage is varied, and a method of driving
the same.

[0006] According to an aspect of the present disclosure,
there is provided a display device, which comprises a
plurality of pixels each including a driving thin film tran-
sistor and an organic light emitting diode having an anode
electrode is connected to a drain electrode of the driving thin
film transistor, a power voltage supply supplying a power
positive voltage to a source electrode of the driving thin film
transistor, and supplying a power negative voltage to a
cathode electrode of the organic light emitting diode, a
voltage detector generating a compensation signal when
detecting that the power positive voltage and a standard
power positive voltage are different, a timing controller
compensating a scan control signal and a data control signal
generated therefrom based on the compensation signal, a
scan driver generating a compensated scan voltage based on
a compensated scan control signal and supplying the com-
pensated scan voltage to the plurality of pixels and a data
driver generating a compensated data voltage based on a
compensated data control signal and supplying the compen-
sated data voltage to the plurality of pixels, wherein the
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compensated scan voltage and the compensated data voltage
allow a first driving current of the organic light emitting
diode to be equal to a second driving current of the organic
light emitting diode, the first driving current of the organic
light emitting diode being a driving current of the organic
light emitting diode when the power positive voltage and the
standard power positive voltage are the same, the second
driving current of the organic light emitting diode being a
driving current of the organic light emitting diode when the
power positive voltage and the standard power positive
voltage are different.

[0007] Further, the voltage detector comprises a subtractor
differencing a detected power positive voltage and the
standard power positive voltage to calculate the compensa-
tion signal, and a signal amplifier amplifying the compen-
sation signal.

[0008] Further, the voltage detector further comprises a
noise filter performing noise filtering on the detected power
positive voltage.

[0009] Further, the timing controller comprises a data
processing module receiving image signals input externally
and processing the image signal to be a scan control signal
and a data control signal and a compensation module
compensating the scan control signal and the data control
signal processed by the data processing module based on the
compensation signal.

[0010] Further, each of the plurality of pixels further
includes a switching thin film transistor and a storage
capacitor, wherein the switching thin film transistor has a
drain electrode connected to a gate electrode of the driving
thin film transistor, a gate electrode connected to the scan
driver, and a source electrode connected to the data driver,
and the storage capacitor is connected between the gate
electrode and a source electrode of the driving thin film
transistor.

[0011] According to another aspect of the present disclo-
sure, there is provided a method of driving a display device,
which comprises generating a compensation signal when
detecting that a power positive voltage and a standard power
positive voltage are different, compensating a scan control
signal and a data control signal based on the compensation
signal, generating a compensated scan voltage based on a
compensated scan control signal and supplying the compen-
sated scan voltage to pixels and generating a compensated
data voltage according to a compensated data control signal
and supplying the compensated data voltage to the pixels,
wherein each of the pixels includes an organic light emitting
diode, and the compensated scan voltage and the compen-
sated data voltage allow a first driving current of the organic
light emitting diode to be equal to a second driving current
of the organic light emitting diode, the first driving current
of the organic light emitting diode being a driving current of
the organic light emitting diode when the power positive
voltage and the standard power positive voltage are the
same, the second driving current of the organic light emit-
ting diode being a driving current of the organic light
emitting diode when the power positive voltage and the
standard power positive voltage are different.

[0012] Further, the generating of the compensation signal
when detecting that the power positive voltage and the
standard power positive voltage are different comprises
differencing a detected power positive voltage and the
standard power positive voltage to calculate the compensa-
tion signal and amplifying the compensation signal.
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[0013] Further, the generating of the compensation signal
when detecting that the power positive voltage and the
standard power positive voltage are different further com-
prises performing noise filtering on the detected the power
positive voltage.

[0014] Further, the compensating of the scan control sig-
nal and the data control signal based on the compensation
signal comprises receiving image signals input externally
and processing the image signals to be the scan control
signal and the data control signal and compensating a
processed scan control signal and a processed data control
signal based on the compensation signal.

[0015] The present disclosure has the following advanta-
geous effect: the display device and the method of diving the
same of the present disclosure eliminates an effect to a
display brightness of the organic light emitting diode due to
the variation of the power positive voltage, thereby improv-
ing the display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and/or other aspects, features and
advantages of embodiments in the present disclosure will
become more aparent from the following description, taken
in conjunction with the accompanying drawings, in which:
[0017] FIG. 1 is a block diagram of a display device
according to an embodiment of the present disclosure;
[0018] FIG. 2 is a circuit diagram of a pixel according to
an embodiment of the present disclosure; and

[0019] FIG. 3 is a flow diagram of a method of driving the
display device according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0020] Embodiments of the present disclosure will be
described in detail below by referring to the accompany
drawings. However, the present disclosure can be imple-
mented in numerous different forms, and the present disclo-
sure may not be explained to be limited to the specific
embodiments set forth herein. Rather, these embodiments
are provided for explaining the principle and actual appli-
cation of the present invention, thus other skilled in the art
can understand various embodiments and amendments
which are suitable for specific intended applications of the
present invention.

[0021] In the drawings, thicknesses of layers and regions
are exaggerated so as to clarify components. The same
reference symbols may indicate the same components in the
drawings and the description.

[0022] FIG. 1 is a block diagram of a display device
according to an embodiment of the present disclosure.
[0023] Referring to FIG. 1, the display device according to
the embodiment of the present disclosure includes a plurality
of pixels 100, a scan driver 200, a data driver 300, a timing
controller 400, a power voltage supply 500 and a voltage
detector 600.

[0024] Particularly, the plurality of pixels 100 are con-
nected with display signal lines. The display signal lines
may include a plurality of scan lines G, to G,, for transmit-
ting a scan voltage and a plurality of data lines D1 to Dm for
transmitting a data voltage. The scan lines G, to G,, extend
in a row direction and substantially parallel to each other,
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and the data lines D, to D,, extend in a column direction and
substantially parallel to each other.

[0025] The scan driver 200 is connected to the scan lines
G, to G, and applies the scan voltage to the scan lines G,
to G,,. The scan voltage is supplied to the plurality of pixels
100 via the scan lines G, to G,,.

[0026] The data driver 300 is connected to the data lines
D, to D,,, and applies the data voltage to the data lines D,
to D,,.. The data voltage is supplied to the plurality of pixels
100 via the data lines D, to D,,..

[0027] The timing controller 400 controls operations of
the scan driver 200 and the data driver 300.

[0028] The timing controller 400 receives image signals
(such as R, G and B signals) from an external graph
controller. The timing controller 400 properly processes the
image signals so as to generate a scan control signal and a
data control signal. Then, the timing controller 400 transmits
the scan control signal to the scan driver 200, and transmits
the data control signal to the data driver 300.

[0029] The scan driver 200 generates the scan voltage in
response to the scan control signal, and applies the scan
voltage to the scan lines G, to G, The data driver 300
generates the data voltage in response to the data control
signal, and applies the data voltage to the data lines D, to

[0030] The power voltage supply 500 generates a power
positive voltage OVDD and a power negative voltage
OVSS, and supplies the power positive voltage OVDD and
the power negative voltage OVSS to the plurality of pixels
100.

[0031] The voltage detector 600 detects whether the power
positive voltage OVDD supplied to the pixels 100 is the
same as a standard power positive voltage or not. If they are
the same, the voltage detector 600 does not generate a
compensation signal. If they are different, the voltage detec-
tor 600 generates the compensation signal and supplies the
compensation signal to the timing controller 400.

[0032] Further, the voltage detector 600 according to an
embodiment of the present disclosure includes a subtractor
610, a signal amplifier 620 and a noise filter 630.

[0033] Particularly, the subtractor 610 is used for differ-
encing a detected power positive voltage OVDD and the
standard power positive voltage to calculate the compensa-
tion signal. Here, when the power positive voltage OVDD
and the standard power positive voltage are the same, the
compensation signal is equal to zero, in other words, the
subtractor 610 does not generate the compensation signal.
When the power positive voltage OVDD and the standard
power positive voltage are different, the subtractor 610
differences the power positive voltage OVDD and the stan-
dard power positive voltage to generate the compensation
signal.

[0034] The signal amplifier 620 amplifies the compensa-
tion signal. The noise filter 630 performs a noise filtering on
the power positive voltage OVDD in advance before calcu-
lation of the subtractor 610 to the detected power positive
voltage OVDD, so that noise in the power positive voltage
OVDD can be removed. It should be understood that the
noise filter 630 is a preferable embodiment, and as another
embodiment of the present disclosure, the noise filter 630
may not exist.

[0035] The timing controller 400 receives the compensa-
tion signal, and compensates the scan control signal and the
data control signal generated therefrom.
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[0036] Further, the timing controller 400 according to an
embodiment of the present disclosure includes a data pro-
cessing module 410 and a compensation module 420.
[0037] Particularly, the data processing module 410
receives image signals (such as R, G and B signals) from an
external graph controller (not shown). The data processing
module 410 properly processes the image signals, thereby
resulting in generating the scan control signal and the data
control signal.

[0038] The compensation module receives the compensa-
tion signal supplied from the signal amplifier 620, and
compensates the scan control signal and the data control
signal processed by the data processing module 410 accord-
ing to the compensation signal.

[0039] The scan driver 200 generates a compensated scan
voltage according to a compensated scan control signal, and
applies the compensated scan voltage to the scan lines G, to
G,.
[0040] The data driver 300 generates a compensated data
voltage according to a compensated data control signal, and
applies the compensated data voltage to the data lines D, to
D,..

[0041] The compensated scan voltage and the compen-
sated data voltage are used to allow the brightness of the
pixels maintain constant, which will be described below.
[0042] FIG. 2 is a circuit diagram of a pixel according to
an embodiment of the present disclosure.

[0043] Referring to FIG. 2, each of the plurality of pixels
100 according to an embodiment of the present disclosure
includes a driving thin film transistor T1, a switching thin
film transistor T2, a storage capacitor Cst and an organic
light emitting diode OLED.

[0044] The driving thin film transistor T1 has a drain
electrode connected to an anode electrode of the organic
light emitting diode OLED, a source electrode connected to
the power voltage supply 500 to receive the power positive
voltage OVDD, and a gate electrode connected to a drain of
the switching thin film transistor T2, the organic light
emitting diode OLED has an cathode electrode connected to
the power voltage supply 500 to receive the power negative
voltage OVSS, the switching thin film transistor T2 has a
gate electrode connected to the scan lines Gi (1<i<n), and a
source electrode connected to the data lines Dj (1<j=m), and
the storage capacitor Cst is connected between the source
and gate electrodes of the driving thin film transistor T1.

[0045] A driving current of the organic light emitting
diode OLED is: Il:k(VSg—Vth)ZZk(VS—VR—Vth)ZZk
(OVDD—Vg—Vth)Z, wherein k 1s an intrinsic conductive
factor of the driving thin film transistor T1, which is
determined by characteristic of the driving thin film tran-
sistor T1 itself, V,, is a threshold voltage of the driving thin
film transistor T1, V, is a source voltage of the driving thin
film transistor T1, which equals to a power positive voltage
OVDD, and V, is a gate voltage of the driving thin film
transistor T1, which is associated with the scan voltage and
the data voltage.

[0046] When the voltage detector 600 detects that the
power positive voltage OVDD is the same as the standard
power positive voltage, the voltage detector 600 does not
generate the compensation signal, and at this time, the
driving current of the organic light emitting diode OLED is
a first driving current. Here, the standard power positive
voltage refers to a voltage which allow the organic light
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emitting diode OLED to be normally operated and the
driving current to be constant.

[0047] When the voltage detector 600 detects that the
power positive voltage OVDD is different from the standard
power positive voltage, the voltage detector 600 generates
the compensation signal, and at this time, the driving current
of the organic light emitting diode OLED is a second driving
current. The first driving current equals to the second driving
current, which is specially described below.

[0048] When the voltage detector 600 detects that the
power positive voltage OVDD is greater than the standard
power positive voltage, the voltage detector 600 generates a
first compensation signal, and supplies the first compensa-
tion signal to the timing controller 400. The timing control-
ler 400 receives the first compensation signal, and compen-
sates the scan control signal and the data control signal
generated therefrom according to the first compensation
signal. The scan driver 200 generates a first compensated
scan voltage according to the compensated scan control
signal, and applies the first compensated scan voltage to the
scan lines G, to G,,. The data driver 300 generates a first
compensated data voltage according to the compensated
data control signal, and applies the first compensated data
voltage to the datalines D, to D,,. The gate voltage V, of the
driving thin film transistor T1 is increased by the first
compensation scan voltage and the first compensated data
voltage, such that an increased value of the gate voltage V,
offsets an increased value of the power positive voltage
OVDD, thereby maintaining the driving current of the
organic light emitting diode OLED to be constant.

[0049] When the voltage detector 600 detects that the
power positive voltage OVDD is lower than the standard
power positive voltage, the voltage detector 600 generates a
second compensation signal, and supplies the second com-
pensation signal to the timing controller 400. The timing
controller 400 receives the second compensation signal, and
compensates the scan control signal and the data control
signal generated therefrom according to the second com-
pensation signal. The scan driver 200 generates a second
compensated scan voltage according to the compensated
scan control signal, and applies the second compensated
scan voltage to the scan lines G, to G,,. The data driver 300
generates a second compensated data voltage according to
the compensated data control signal, and applies the second
compensated data voltage to the data lines D, to D,,. The
gate voltage V, of the driving thin film transistor T1 is
decreased by the second compensation scan voltage and the
second compensated data voltage, such that a decreased
value of the gate voltage V_ offsets a decreased value of the
power positive voltage OVDD, thereby maintaining the
driving current of the organic light emitting diode OLED to
be constant.

[0050] FIG. 3 is a flow diagram of a method of driving the
display device according to an embodiment of the present
disclosure.

[0051] Referring to FIG. 3, the method of driving the
display device according to the embodiment of the present
disclosure includes steps 310 to 360.

[0052] Referring to FIGS. 1 to 3, in step S310, the voltage
detector 600 detects whether a power positive voltage
OVDD is the same as a standard power positive voltage or
not. If they are the same, step S320 is performed, and if they
are different, steps S330 to S360 are performed.



US 2019/0019457 A1

[0053] 1In step S320, the display device is normally driven
to display.
[0054] In step S330, the voltage detector 600 differences

the power positive voltage OVDD and the standard power
positive voltage to calculate a compensation signal.

[0055] A method of realizing step S330 includes steps
S331-333.
[0056] In step S331, the voltage detector 600 performs

noise filtering on the detected power positive voltage
OVDD. As another implementation of the present disclo-
sure, the step may be omitted.

[0057] In step S332, the voltage detector 600 differences
the power positive voltage OVDD and the standard power
positive voltage to calculate a compensation signal.

[0058] Instep S333, the voltage detector 600 amplifies the
compensation signal.

[0059] In step S340, the timing controller 400 compen-
sates the scan control signal and the data control signal based
on the compensation signal.

[0060] A method of realizing step S340 includes steps
S341-5343.
[0061] In step S341, the timing controller 400 receives

image signals input externally and processes the image
signals to be a scan control signal and a data control signal.
[0062] In step S342, the timing controller 400 compen-
sates the processed scan control signal and the processed
data control signal based on the compensation signal.
[0063] In step S350, the scan driver 200 generates a
compensated scan voltage according to a compensated scan
control signal and supplies the compensated scan voltage to
the pixels 100.

[0064] In step S360, the data driver 300 generates a
compensated data voltage according to a compensated data
control signal and supplies the compensated data voltage to
the pixels 100.

[0065] The compensated scan voltage in step S350 and the
compensated data voltage in step S360 allow the driving
current of the organic light emitting diode OLED when the
power positive voltage OVDD and the standard power
positive voltage are different to be equal to the driving
current of the organic light emitting diode OLED when the
power positive voltage OVDD and the standard power
positive voltage are the same, such that the driving current
of the organic light emitting diode OLED is constant and
thus the brightness of light emission is constant.

[0066] To sum up, the display device and the method of
driving the same according to an embodiment of the present
disclosure eliminates an affect to a display brightness of the
organic light emitting diode OLED due to the variation of
the power positive voltage OVDD, thereby improving the
display quality.

[0067] Although the present invention is shown and
described with reference to the special embodiment, while
those skilled in the art will understand: various changes in
form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims and its equivalents.

What is claimed:

1. A display device, comprising:

a plurality of pixels each including a driving thin film
transistor and an organic light emitting diode having an
anode electrode is connected to a drain electrode of the
driving thin film transistor;
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a power voltage supply supplying a power positive volt-
age to a source electrode of the driving thin film
transistor, and supplying a power negative voltage to a
cathode electrode of the organic light emitting diode;

a voltage detector generating a compensation signal when
detecting that the power positive voltage and a standard
power positive voltage are different;

a timing controller compensating a scan control signal and
a data control signal generated therefrom based on the
compensation signal;

a scan driver generating a compensated scan voltage
based on a compensated scan control signal and sup-
plying the compensated scan voltage to the plurality of
pixels; and

a data driver generating a compensated data voltage based
on a compensated data control signal and supplying the
compensated data voltage to the plurality of pixels,

wherein the compensated scan voltage and the compen-
sated data voltage allow a first driving current of the
organic light emitting diode to be equal to a second
driving current of the organic light emitting diode, the
first driving current of the organic light emitting diode
being a driving current of the organic light emitting
diode when the power positive voltage and the standard
power positive voltage are the same, the second driving
current of the organic light emitting diode being a
driving current of the organic light emitting diode when
the power positive voltage and the standard power
positive voltage are different.

2. The display device of claim 1, wherein the voltage

detector comprises:

a subtractor differencing a detected power positive volt-
age and the standard power positive voltage to calculate
the compensation signal; and

a signal amplifier amplifying the compensation signal.

3. The display device of claim 2, wherein the voltage
detector further comprises:

a noise filter performing noise filtering on the detected

power positive voltage.

4. The display device of claim 1, wherein the timing
controller comprises:

a data processing module receiving image signals input
externally and processing the image signal to be a scan
control signal and a data control signal; and

a compensation module compensating the scan control
signal and the data control signal processed by the data
processing module based on the compensation signal.

5. The display device of claim 1, wherein each of the
plurality of pixels further includes a switching thin film
transistor and a storage capacitor,

wherein the switching thin film transistor has a drain
electrode connected to a gate electrode of the driving
thin film transistor, a gate electrode connected to the
scan driver, and a source electrode connected to the
data driver, and the storage capacitor is connected
between the gate electrode and a source electrode of the
driving thin film transistor.

6. The display device of claim 2, wherein each of the
plurality of pixels further includes a switching thin film
transistor and a storage capacitor,

wherein the switching thin film transistor has a drain
electrode connected to a gate electrode of the driving
thin film transistor, a gate electrode connected to the
scan driver, and a source electrode connected to the
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data driver, and the storage capacitor is connected
between the gate electrode and a source electrode of the
driving thin film transistor.

7. The display device of claim 3, wherein each of the
plurality of pixels further includes a switching thin film
transistor and a storage capacitor,

wherein the switching thin film transistor has a drain

electrode connected to a gate electrode of the driving
thin film transistor, a gate electrode connected to the
scan driver, and a source electrode connected to the
data driver, and the storage capacitor is connected
between the gate electrode and a source electrode of the
driving thin film transistor.

8. The display device of claim 4, wherein each of the
plurality of pixels further includes a switching thin film
transistor and a storage capacitor,

wherein the switching thin film transistor has a drain

electrode connected to a gate electrode of the driving
thin film transistor, a gate electrode connected to the
scan driver, and a source electrode connected to the
data driver, and the storage capacitor is connected
between the gate electrode and a source electrode of the
driving thin film transistor.

9. A method of driving a display device, comprising:

generating a compensation signal when detecting that a

power positive voltage and a standard power positive
voltage are different;

compensating a scan control signal and a data control

signal based on the compensation signal,

generating a compensated scan voltage based on a com-

pensated scan control signal and supplying the com-
pensated scan voltage to pixels; and

generating a compensated data voltage according to a

compensated data control signal and supplying the
compensated data voltage to the pixels,

wherein each of the pixels includes an organic light

emitting diode, and the compensated scan voltage and
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the compensated data voltage allow a first driving
current of the organic light emitting diode to be equal
to a second driving current of the organic light emitting
diode, the first driving current of the organic light
emitting diode being a driving current of the organic
light emitting diode when the power positive voltage
and the standard power positive voltage are the same,
the second driving current of the organic light emitting
diode being a driving current of the organic light
emitting diode when the power positive voltage and the
standard power positive voltage are different.

10. The method of claim 9, wherein the generating of the
compensation signal when detecting that the power positive
voltage and the standard power positive voltage are different
comprises:

differencing a detected power positive voltage and the
standard power positive voltage to calculate the com-
pensation signal; and

amplifying the compensation signal.

11. The method of claim 10, wherein the generating of the
compensation signal when detecting that the power positive
voltage and the standard power positive voltage are different
further comprises:

performing noise filtering on the detected the power
positive voltage.

12. The method of claim 9, wherein the compensating of
the scan control signal and the data control signal based on
the compensation signal comprises:

receiving image signals input externally and processing

the image signals to be the scan control signal and the
data control signal; and

compensating a processed scan control signal and a

processed data control signal based on the compensa-
tion signal.
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