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PIXEL CIRCUIT, ITS DRIVING METHOD,
OLED DISPLAY PANEL AND OLED DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Thepresent application is the U.S. national phase of
PCT Application No. PCT/CN2014/087929 filed on Sep. 30,
2014, which claims a priority of the priority of the Chinese
patent application No. 201410241097.5 filed on May 30,
2014, which s incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of organic
light-emitting diode (OLED) display technology, in particu-
lar to a pixel circuit, its driving method, an OLED display
panel, and an OLED display device.

BACKGROUND

[0003] An OLED display panel can emit light when it is
driven by a current generated by a driving thin film transistor
(TFT) in a saturated state. When an identical grayscale volt-
age is applied, different driving currents will be generated by
different critical voltages, which thus results in inconsistency
of the currents. For example, a traditional 2T1C-based pixel
driving circuit is always of a less brightness evenness, and
currently, such a solution is adopted so as to add a compen-
sating circuit within a pixel, and eliminate an effect of a
threshold voltage Vth of the driving TFT by the compensating
circuit. However, usually an increase in the number of the
TFTs will lead to a rapid decrease in an aperture ratio and an
increase in the production cost. In the case of an identical
pixel driving current, there exits not necessarily a decrease in
the brightness of the OLED display panel with a low aperture
ration, but a current density of an organic light-emitting layer
will certainly increase, which will readily result in aging of a
material of the light-emitting layer, and thereby result in a
short service life of the entire OLED display panel.

SUMMARY

[0004] A main object of the present disclosure is to provide
apixel circuit, its driving method, an OLED display panel and
an OLED display device, so as to simplify the design of the
pixel circuit and increase an aperture ratio of pixels, thereby
to increase a current density of an organic light-emitting layer
while acquiring even display brightness.

[0005] In order to achieve the above object, the present
disclosure provides a pixel circuit for use in an OLED display
panel, including a plurality of row pixel units. One of the row
pixel units includes a plurality of subpixel units, and one of
the subpixel units includes a subpixel driving circuit and an
OLED. The subpixel driving circuit includes a driving tran-
sistor which is connected to the OLED, and a driving control
module connected to a data line and the driving transistor. The
one of row pixel units further includes an auxiliary compen-
sating circuit.

[0006] An inputend of the auxiliary compensating circuit is
connected to a gate driving circuit of the OLED display panel
via an auxiliary scanning line; and an output end thereof is
connected to the subpixel driving circuit of the one of the row
pixel units via a scanning line. The auxiliary compensating
circuit is configured to generate a switching control signal
inputted to the subpixel driving circuit according to a scan-
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ning signal from the gate driving circuit, and generate a com-
pensating control signal inputted to the subpixel driving cir-
cuitaccording to a control signal from the gate driving circuit.

[0007] The subpixel driving circuit is configured to receive
a data voltage from the data line accordance to the switching
control signal, control the driving transistor to drive the
OLED to emit light according to the data voltage, and com-
pensate for a threshold voltage of the driving transistor
according to the compensating control signal when the driv-
ing transistor drives the OLED to emit light.

[0008] During the implementation, each of the row pixel
units includes a plurality of sub-pixel units; each of the sub-
pixel units includes the subpixel driving circuit and the
OLED:; each of the row pixel units includes the auxiliary
compensating circuit; and the output end of the auxiliary
compensating circuit is connected to each subpixel driving
circuit of each of the row pixel units via a scanning line.

[0009] During the implementation, the auxiliary compen-
sating circuit is arranged outside of an effective display region
of the OLED display panel, and the subpixel unit is arranged
within the effective display region of the OLED display
panel.

[0010] During the implementation, a driving power receiv-
ing end of the auxiliary compensating circuit is connected to
a driving power signal line, and a resetting power receiving
end thereof is connected to a resetting power signal line. The
auxiliary compensating circuit is configured to generate the
compensating control signal according to a driving voltage
signal from the driving power signal line, a resetting voltage
signal from the resetting power signal line and the control
signal from the gate driving circuit.

[0011] The driving power signal line and the resetting
power signal line are both arranged outside of the effective
display region of the OLED display panel.

[0012] During the implementation, a first electrode of the
driving transistor is connected to an anode of the OLED, and
a second electrode thereof is configured to receive the com-
pensating control signal. A cathode of the OLED is config-
ured to receive a cathode potential.

[0013]

[0014] adata writing-in transistor, a gate electrode of which
1s configured to receive the switching control signal, a first
electrode of which is connected to the data line, and a second
electrode of which is connected to a gate electrode of the
driving transistor;

[0015] afirst capacitor, one end of which is connected to the
gate electrode of the driving transistor, and another end of
which is connected to the first electrode of the driving tran-
sistor; and

[0016] a second capacitor connected between the anode
and the cathode of the OLED.

[0017] During the implementation, the control signal
includes a driving control signal and a resetting control sig-
nal. The resetting control signal is delayed by two clock
periods relative to the driving control signal. The auxiliary
compensating circuit includes a switching control signal gen-
erating circuit and a compensating control signal generating
circuit. The switching control signal generating circuit is
configured to directly use the scanning signal from the gate
driving circuit as the switching control signal inputted to the
gate electrode of the data writing-in transistor.

The driving control module includes:
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[0018] The compensating control signal generating circuit
includes:
[0019] a first compensating transistor, a gate electrode of

which is configured to receive the driving control signal, and
a first electrode of which is configured to receive the resetting
voltage signal;

[0020] a second compensating transistor, a gate electrode
of which is connected to a second electrode of the first com-
pensating transistor, and a first electrode of which is config-
ured to receive the resetting voltage signal;

[0021] a third compensating transistor, a gate electrode of
which is configured to receive the driving control signal, a
first electrode of which is connected to a second electrode of
the second compensating transistor, and a second electrode of
which is configured to receive the driving voltage signal;
[0022] a fourth compensating transistor, a gate electrode of
which is configured to receive the resetting control signal, a
first electrode of which is connected to the gate electrode of
the second compensating transistor, and a second electrode of
whichis configured to receive the resetting control signal; and
[0023] a fifth compensating transistor, a gate electrode of
which is connected to the gate electrode of the second com-
pensating transistor, a first electrode of which is connected to
the first electrode of the fourth compensating transistor, and a
second electrode of which is connected to the second elec-
trode of the fourth compensating transistor.

[0024] A signal outputted from the first electrode of the
third compensating transistor is the compensating control
signal. The first electrode of the third compensating transistor
is connected to the second electrode of the driving transistor.
[0025] During the implementation, the control signal
includes a driving control signal and a resetting control sig-
nal. The auxiliary compensating circuit includes a switching
control signal generating circuit and a compensating control
signal generating circuit. The switching control signal gener-
ating circuit is configured to directly use the scanning signal
from the gate driving circuit as the switching control signal
inputted to the gate electrode of the data writing-in transistor.

[0026] The compensating control signal generating circuit
includes:
[0027] a first compensating control transistor, a gate elec-

trode of which is configured to receive the resetting control
signal, and a first electrode of which is connected to receive
the resetting voltage signal; and

[0028] a second compensating control transistor, a gate
electrode of which is configured to receive the driving control
signal, a first electrode of which is connected to a second
electrode of the first compensating control transistor, and a
second electrode of which is configured to receive the driving
voltage signal.

[0029] A signal outputted from the second electrode of the
first compensating control transistor is the compensating con-
trol signal, and the second electrode of the first compensating
control transistor is connected to the second electrode of the
driving transistor.

[0030] The present disclosure further provides a pixel cir-
cuit driving method for use in the above-mentioned pixel
circuit, including:

[0031] aninitial light-emitting step: at an initial light-emit-
ting state, a driving control signal is a high level signal, a
resetting control signal is a high level signal, a scanning signal
is a low level signal, a compensating control signal generated
by an auxiliary compensating circuit is a high level signal, a
switching control signal generated by the auxiliary compen-
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sating circuit is a low level signal, a data writing-in transistor
is turned off, a potential at a gate electrode of a driving
transistor is a voltage stored in a previous frame, and an
OLED emits light;

[0032] a resetting step: at a resetting stage, the driving
control signal is a low level signal, the resetting control signal
is a high level signal, the scanning signalis a high level signal,
the compensating control signal generated by the auxiliary
compensating circuit is a low level signal, the switching con-
trol signal generated by the auxiliary compensating circuit is
ahigh level signal, a reference voltage on a data line is written
into the gate electrode of the driving transistor, the driving
transistor is turned on, and a potential at an anode of the
OLED is reset to be at a low level, and the OLED does not
emit light;

[0033] a compensating step: at a compensating stage, the
driving control signal is a high level signal, the resetting
control signal is a high level signal, a scanning signal is a high
level signal, the compensating control signal generated by the
auxiliary compensating circuit is a high level signal, the
switching control signal generated by the auxiliary compen-
sating circuit is a high level signal, the reference voltage on
the data line is written into the gate electrode of the driving
transistor, and a potential at a source electrode of the driving
transistor gradually increases to a value obtained by subtract-
ing a threshold voltage of the driving transistor from the
reference voltage on the data line, so as to compensate for the
threshold voltage of the driving transistor with a gate-to-
source voltage of the driving transistor, and the OLED does
not emit light;

[0034] a data writing-in step: at a data writing-in stage, the
driving control signal is a low level signal, the resetting con-
trol signal is a low level signal, the scanning signal is a high
level signal, the compensating control signal generated by the
auxiliary compensating circuit is a floating signal, the switch-
ing control signal generated by the auxiliary compensating
circuit is a high level signal, a data voltage is written into the
gate electrode of the driving transistor, the driving transistor is
turned on, and the OLED does not emit light; and

[0035] a light-emitting step: at a light-emitting stage, the
driving control signal is a high level signal, the resetting
control signal is a high level signal, the scanning signal is a
low level signal, the compensating control signal generated
by the auxiliary compensating circuit is a high level signal,
the switching control signal generated by the auxiliary com-
pensating circuit 1s a low level signal, a voltage difference
between two ends of a first capacitor remains unchanged so as
to maintain the gate-to-source voltage of the driving transistor
as unchanged, and the driving transistor is turned on so as to
drive the OLED to emit light.

[0036] The present disclosure further provides an OLED
display panel including the above-mentioned pixel circuit.

[0037] The present disclosure provides in one embodiment
an OLED display device including the above-mentioned
OLED display panel.

[0038] Ascompared with the related art, the auxiliary com-
pensating circuit is shared in the present disclosure by the
pluralities of subpixel units in the row pixel unit, so it is able
to simplify the design of the pixel circuit and remarkably
increase the aperture ratio of the pixels, thereby to reduce the
current density of the organic light-emitting layer while
acquiring the even display brightness, and to prolong a set-
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vice life of the OLED display panel. In addition, due to a
decrease in the number of the TFTs, it is able to reduce the
production cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1A is a schematic view showing an OLED
display panel to which a pixel circuit is applied according to
one embodiment of the present disclosure;

[0040] FIG. 1B is another schematic view showing the
OLED display panel to which the pixel circuit is applied
according to one embodiment of the present disclosure;
[0041] FIG. 2A is a schematic view showing a subpixel
driving circuit in an N-th row and an M-th column included in
the pixel circuit according to one embodiment of the present
disclosure;

[0042] FIG. 2B is a schematic view showing an auxiliary
compensating circuit ACU(N) in an N-th row included in the
pixel circuit according to one embodiment of the present
disclosure;

[0043] FIG. 3 is a working timing sequence diagram of a
pixel driving compensating circuit composed of the subpixel
driving circuit in the N-th row and the M-th column in FIG.
2A and the auxiliary compensating circuit ACU(N) in the
N-th row in FIG. 2B;

[0044] FIG. 4 is a schematic view showing an auxiliary
compensating circuit ACU(N) in an N-th row included a pixel
circuit according to another embodiment of the present dis-
closure; and

[0045] FIG. 5 is a working timing sequence diagram of a
pixel driving compensating circuit composed of the subpixel
driving circuit in the N-th row and the M-th column in FIG.
2A and the auxiliary compensating circuit ACU(N) in the
N-th row in FIG. 4.

DETAILED DESCRIPTION

[0046] The technical solutions in embodiments of the
present disclosure will be described hereinafter in conjunc-
tion with the drawings in a clear and complete manner. Obvi-
ously, the following embodiments merely relate to a part of,
rather than all of] the embodiments of the present disclosure.
Based on these embodiments, a person skilled in the art may
obtain other embodiments without any creative effort, which
also fall within the scope of the present disclosure.

[0047] The present disclosure provides in one embodiment
a pixel circuit for use in an OLED display panel, including a
plurality of row pixel units. Each row pixel unit includes a
plurality of subpixel units. Each subpixel unit includes a
subpixel driving circuit and an OLED. The subpixel driving
circuit includes a driving transistor coupled with the OLED,
and a driving control module whichis coupled with a data line
and the driving transistor. Each row pixel unit further includes
an auxiliary compensating circuit.

[0048] Aninputend ofthe auxiliary compensating circuit is
connected to a gate driving circuit of the OLED display panel
via an auxiliary scanning line. An output end of the auxiliary
compensating circuit is connected to the subpixel driving
circuit of the row pixel unit. The auxiliary compensating
circuit is configured to generate a switching control signal
inputted to the subpixel driving circuit according to a scan-
ning signal from the gate driving circuit, and generate a com-
pensating control signal inputted to the subpixel driving cir-
cuitaccording to a control signal from the gate driving circuit.
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[0049] The subpixel driving circuit is configured to receive
a data voltage from the data line accordance to the switching
control signal, control the driving transistor to drive the
OLED to emit light according to the data voltage, and com-
pensate for a threshold voltage of the driving transistor
according to the compensating control signal when the driv-
ing transistor drives the OLED to emit light.

[0050] According to the pixel circuit in the embodiment of
the present disclosure, the auxiliary compensating circuit is
shared by the plurality of subpixel units in the row pixel unit,
so it is able to simplify the design of the pixel circuit and
remarkably increase an aperture ratio of pixels, thereby to
reduce a current density of an organic light-emitting layer
while acquiring the even display brightness, and to prolong a
service life of the OLED display panel. In addition, due to a
decrease in the number of the TFTs, it is able to reduce the
production cost.

[0051] Alternatively, the auxiliary compensating circuit is
arranged outside of an effective display region of the OLED
display panel, and the subpixel units are arranged within the
effective display region of the OLED display panel, so as to
further reduce the number of the TFTs within the effective
display region, thereby to increase the aperture ratio of the
pixels.

[0052] During the implementation, a driving power receiv-
ing end of the auxiliary compensating circuit is connected to
a driving power signal line; and a resetting power receiving
end of the auxiliary compensating circuit is connected to a
resetting power signal line. The auxiliary compensating cir-
cuitis configured to generate the compensating control signal
according to a driving voltage signal from the driving power
signal line, a resetting voltage signal from the resetting power
signal line and the control signal from the gate driving circuit.

[0053] The driving power signal line and the resetting
power signal line are both arranged outside of the effective
display region of the OLED display panel.

[0054] To be specific, as shown in FIG. 1A, the OLED
display panel to which the pixel circuit is applied includes a
source driving circuit and a gate driving circuit. The pixel
circuit includes a plurality of row pixel units, each row pixel
unit includes a plurality of subpixel units, and the subpixel
unit includes a subpixel driving circuit and an OLED. The
subpixel driving circuit is connected to an anode of the
OLED, and a cathode of the OLED is configured to receive a
cathode potential Vcath. The source driving circuit is con-
nected to the subpixel driving circuit via a data line.

[0055] The row pixel unit further includes an auxiliary
compensating circuit. An input end of the auxiliary compen-
sating circuit is connected to the gate driving circuit via an
auxiliary scanning line. An output end of the auxiliary com-
pensating circuit is connected to the subpixel driving circuit
of the row pixel unit via a scanning line. The source driving
circuit is configured to transmit a data voltage and a reference
voltage to the subpixel driving circuit via a data line.

[0056] The auxiliary compensating circuit is configured to
generate a switching control signal according to a scanning
signal from the gate driving circuit, generate a compensating
control signal according to a control signal from the gate
driving circuit, a driving voltage signal from the driving
power signal line and a resetting voltage signal from the
resetting power signal line, and transmit the switching control
signal and the compensating control signal to the subpixel
driving circuit via the scanning line. The auxiliary scanning
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line is configured to transmit a signal between the gate driving
circuit and the auxiliary compensating circuit.

[0057] The subpixel driving circuit is configured to receive
the data voltage from the data line according to the switching
control signal, control the driving transistor to drive the
OLED to emit light with different brightness values accord-
ing to the data voltage, and compensate for the threshold
voltage of the driving transistor according to the compensat-
ing control voltage when the driving transistor drives the
OLED to emit light.

[0058] Alternatively, each row pixel unit includes a plural-
ity of subpixel units, each subpixel unit includes a subpixel
driving circuit and an OLED, and each row pixel unit includes
the auxiliary compensating circuit. An output end of the aux-
iliary compensating circuit is connected to each subpixel
driving circuit of the row pixel unit via the scanning line.
[0059] Inaspecific embodiment, on the basis of the OLED
display panel in FIG. 1A, as shown in FIG. 1B, the auxiliary
compensating circuit is arranged outside of an effective dis-
play region AA' of the OLED display panel, and the subpixel
unit is arranged within the effective display region AA' of the
OLED display panel.

[0060] The OLED display panel further includes a power
signal line arranged outside of the effective display region
AA' and connected to the source driving circuit, the gate
driving circuit and the auxiliary compensating circuit, respec-
tively. The power signal line is configured to be controlled by
the source driving circuit or the gate driving circuit, so as to
provide a corresponding power signal to the auxiliary com-
pensating circuit.

[0061] To be specific, the power signal line includes a driv-
ing power signal line and a resetting power signal line. A
driving power receiving end of the auxiliary compensating
circuit is connected to the driving power signal line. A reset-
ting power receiving end of the auxiliary compensating cir-
cuit is connected to the resetting power signal line. The aux-
iliary compensating circuit is specifically configured to
generate the compensating control signal according to a driv-
ing voltage signal from the driving power signal line, a reset-
ting voltage signal from the resetting power signal line and
the control signal from the gate driving circuit.

[0062] The driving power signal line and the resetting
power signal line are arranged outside of the effective display
region of the OLED display panel, so as to reduce the number
of the signal lines within the effective display region.

[0063] The transistor adopted in all the embodiments of the
present disclosure may be a thin film transistor, a field effect
transistor or any other element having the same characteris-
tics. In this embodiment, in order to differentiate two elec-
trodes of the transistor other than the gate electrode, one is
called as a source electrode and the other is called as a drain
electrode. In addition, depending on its characteristics, the
transistor may include an n-type or p-type transistor. In the
driving circuit of this embodiment, all the transistors being
n-type transistors is taken as an example for illustration. Of
course, the p-type transistors may also be used, which also
falls within in the scope of the present disclosure.

[0064] Inthe embodiment of the present disclosure, for the
n-type transistor, the first electrode is a source electrode and
the second electrode is a drain electrode, while for the p-type
transistor, the first electrode is a drain electrode and the sec-
ond electrode is a source electrode.

[0065] The subpixel driving circuit in an N-th row and an
M-th column as well as the auxiliary compensating circuit in
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an N-th row included in the pixel circuit (N is a positive
integer greater than or equal to 1, and M is a positive integer
greater than or equal to 1) will be described hereinafter.
[0066] As shown in FIG. 2A, the subpixel driving circuit in
the N-th row and the M-th column include a driving transistor
DTFT, a data writing-in transistor TD, a first capacitor C1, a
second capacitor C2 and an organic light-emitting diode
(OLED).

[0067] A first electrode of the driving transistor DTFT is
connected to an anode of the OLED. A second electrode of the
driving transistor DTFT is configured to receive a compen-
sating control signal S(N). A cathode of the OLED is config-
ured to receive a cathode potential Veath.

[0068] A gate electrode of the data writing-in transistor TD
is configured to receive a switching control signal G(N). A
first electrode of the data writing-in transistor TD is con-
nected to a data line D(M) in an M-th column. A second
electrode of the data writing-in transistor TD is connected to
a gate electrode of the driving transistor DTFT.

[0069] One end of'the first capacitor C1 is connected to the
gate electrode of the driving transistor DTFT, and the other
end thereof is connected to the first electrode of the driving
transistor DTFT.

[0070] The second capacitor C2 is connected between the
anode and the cathode of the OLED.

[0071] DTFT and TD are both n-type TFTs.

[0072] A node U2 is connected to the first electrode of
DTFT, and a node U3 is connected to the gate electrode of
DTFT.

[0073] Ina specific embodiment, as shown in FIG. 2B, the
control signal includes a driving control signal S'(N) and a
resetting control signal S'(N+2). The resetting control signal
S'(N+2) is delayed by two clock periods relative to the driving
control signal S'(N).

[0074] The auxiliary compensating circuit ACU(N) in an
N-th row includes a switching control signal generating cir-
cuit 21 and a compensating control signal generating circuit
22.

[0075] The switching control signal generating circuit 21 is
configured to directly use a scanning signal G'(N) from the
gate driving circuit as the switching control signal G(N)
inputted to the gate electrode of the data writing-in transistor
TD.

[0076] As shown in FIG. 2B, the compensating control
signal generating circuit 22 includes:

[0077] afirst compensating transistor TN1, a gate electrode
of which is configured to receive the driving control signal
S'(N), and a first electrode of which is configured to receive a
resetting voltage signal VEE;

[0078] asecond compensating transistor TN2, a gate elec-
trode of which is connected to a second electrode of the first
compensating transistor TN1, and a first electrode of which is
configured to receive the resetting voltage signal VEE;

[0079] a third compensating transistor TN3, a gate elec-
trode of which is configured to receive the driving control
signal S'(N), a first electrode of which is connected to a
second electrode of the second compensating transistor TN2,
and a second electrode of which is configured to receive a
driving voltage signal VGG;

[0080] a fourth compensating transistor TN4, a gate elec-
trode of which is configured to receive the resetting control
signal S'(N+2), a first electrode of which is connected to the
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gate electrode of the second compensating transistor TN2,
and a second electrode is configured to receive the resetting
control signal S'(N+2); and

[0081] a fifthcompensating transistor TNS, a gate electrode
of which is connected to the gate electrode of the second
compensating transistor TN2, a first electrode of which is
connected to the first electrode of the fourth compensating
transistor TN4, and a second electrode of which is connected
to the second electrode of the fourth compensating transistor
TN4.

[0082] TN4 and TNS together function as a resistor with a
relatively large resistance.

[0083] A signal outputted from the first electrode of the
third compensating transistor TN3 is the compensating con-
trol signal S(N), and a node Ul is connected to the first
electrode of the third compensating transistor TN3. The first
electrode of the third compensating transistor TN3 is con-
nected to the second electrode of the driving transistor DTFT.
The driving voltage signal VGG is at a high potential, and the
resetting voltage signal VEE is at a low potential.

[0084] FIG. 3 is a working timing sequence diagram of a
pixel driving compensating circuit composed of the subpixel
driving circuit in the N-th row and the M-th column in FIG.
2A and the auxiliary compensating circuit ACU(N) in the
N-th row in FIG. 2B. As shown in FIG. 3, a working proce-
dure of the pixel driving compensating circuit may include
following five stages.

[0085] At aninitial light-emitting stage T1, S'(N) and S'(N+
2) are both at a high potential VGH, TN1 and TN3 are turned
on, TN2 is turned off due to an on state of TN1, at this time,
S(N) is the driving voltage signal VGG; G'(N) is at a low
potential VGL and directly transmitted to G(N) in the auxil-
iary compensating unit ACU(N) without any signal conver-
sion, and TD is turned off; at this time, the potential of the
node U3 is a voltage stored in a previous frame, and the OLED
emits light normally.

[0086] At a resetting stage T2, S'(N) is at the low potential
VGL, TN1 and TN3 are turned off; S'(N+2) is at the high
potential VGH, TN2 is turned on, and at this time, S(N) is the
resetting voltage signal VEE; G'(N) and G(N) are both at the
high potential VGH, TD is turned on, a reference voltage Vref
on D(M)is applied to the gate electrode of DTFT; at this time,
the potential of the node U3 is Vref which is greater than the
threshold voltage Vth of DTFT, so DTFT is turned on; the
potential of the node U2 is the potential of the resetting
voltage signal VEE, and a difference between the potential of
VEE and Vcath is less than an on-state voltage Voled of the
OLED, so the OLED does not emit light.

[0087] At a compensating stage T3, S'(N) and S'(N+2) are
both at the high potential VGH, TN1 and TN3 are turned on,
TN2 is turned off due to the on state of TN1, and at this time,
S(N) is the driving voltage signal VGG; G'(N) and G(N) are
both at the high potential VGH, TD is turned on, and the
reference voltage Vref on D(M) is applied to the gate elec-
trode of DTFT; at this time, the potential of the node U3 is
Vref, and DTFT is initially turned on. The potential of the
node U2 (i.e., the potential at the source electrode of DTFT)
gradually increases from the potential of the resetting voltage
signal VEE to Vref-Vth, and when the potential of the node
U2 reaches Vref-Vth, DTFT is turned off. Because Vref-Vth-
Vcath is less than the on-state voltage Voled of the OLED, so
the OLED does not emit light.

[0088] At a datawriting-in stage T4, S'(N) and S'(N+2) are
both at the low potential VGL, TN1, TN2 and TN3 are turned
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off, and at this time, S(N) is in a floating state. G'(N) and G(N)
are both at the high potential VGH, TD is turned on, and the
data voltage Vdata on D(M) is applied to the gate electrode of
the DTFT so as to turn on the DTFT. At this time, the potential
of the node U3 is Vdata, and the potential of the node U2 is
Vref-Vth+a*(Vdata-Vref) (at this time a potential variation
of the node U3 is Vdata-Vref, so a potential variation of the
U2 is a*(Vdata-Vref) due to voltage division of the capaci-
tor), where a=C1/(C1+C2), C1 is a capacitance of the first
capacitor, and C2 is a capacitance of the second capacitor. At
this time, S(N) is in the floating state, so the OLED does not
emit light.

[0089] At alight-emitting stage T5, S'(N) and S'(N+2) are
both at the high potential VGH, TN1 and TN3 are both turned
on, TN2 is turned off due to the on state of TN1, and at this
time, S(N)is the driving voltage signal VGG. G'(N) and G(N)
are both at the low potential VGL, TD is turned off, and a
voltage difference between two ends of the first capacitor
remains unchanged due to an off-state of TD.

[0090] The on-state voltage of the OLED is Voled, and at
this time, the potential of the node U2 is Voled+Vcath, a
potential variation of the node U2 is Vref-Vth+a*(Vdata-
Vref)-Voled-Vcath, and the potential of the node U3 is (1-a)
*(Vdata-Vref)+Vth+Voled+Vcath.

[0091] A potential difference Vgs between the node U3 and
the node U2 is Vgs=(1-a)*(Vdata-Vref)+Vth+Voled+
Veath-(Voled+Vcath)=(1-a)*(Vdata-Vref)+Vth.

[0092] A current passing through DTFT at the light-emit-
ting stage is

1 w )
lorep = Eyn X Cox X T -(Vgs— Vih)* =

1 W
SHn X Cox X T (1 - @) x (Vdata— Vref) + Vih— Vih)? =

1 w 5
E,un x Cox- T X ((1 - a)x(Vdatax Vref)",

[0093] wherep, represents carrier mobility, C,, represents
acapacitance of a gate oxide, W/L is a width to length ratio of
DTFT, and Vcath is a cathode potential of the OLED.
[0094] As can be seen from the above formula, the current
passing through DTFT is merely relevant to Vdata and Vref,
but irrelevant to the threshold voltage Vth of DTFT and the
on-state voltage Voled of the OLED. Even if Vth is less than
0, it is still able to perform the compensation in a better
manner. As a result, it is able to compensate for the uneven
brightness ofthe OLED in a better manner, thereby to achieve
a desired effect.

[0095] According to the pixel circuit in the embodiment of
the present disclosure, the design of the internal compensat-
ing circuit is simplified, so as to reduce the number of the
signal lines. As aresult, it is able to increase the aperture ratio
of the pixels, prolong the service life of the OLED, simplify a
compensation waveform of the compensating circuit, reduce
the integration and reduce the number of the used TFTs,
thereby to effectively reduce the production cost.

[0096] In a specific embodiment, as shown in FIG. 4, the
control signal includes a driving control signal S'(N) and a
resetting control signal P'(N).

[0097] The auxiliary compensating circuit ACU(N) in an
N-th row includes a switching control signal generating cir-
cuit 41 and a compensating control signal generating circuit
42.
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[0098] The switching control signal generating circuit 41 is
configured to directly use a scanning signal G'(N) from the
gate driving circuit as the switching control signal G(N)
inputted to the gate electrode of the data writing-in transistor
TD.

[0099] AsshowninFIG. 4, the compensating control signal
generating circuit 42 includes:

[0100] a first compensating control transistor T1, a gate
electrode of which is configured to receive the resetting con-
trol signal P'(N), and a first electrode of which is configured to
receive the resetting voltage signal VEE; and

[0101] asecond compensating control transistor T2, a gate
electrode of which is configured to receive the driving control
signal S'(N), a first electrode of which is connected to a
second electrode of the first compensating control transistor
T1, and a second electrode of which is configured to receive
the driving voltage signal VGG.

[0102] A signal outputted from the second electrode of the
first compensating control transistor T1 is the compensating
control signal S(N), and the node Ul is connected to the
second electrode of the first compensating control transistor
T1. The second electrode of the first compensating control
transistor T1 is connected to the second electrode of the
driving transistor DTFT. The driving voltage signal VGG is at
a high potential, and the resetting voltage signal VEE is at a
low potential.

[0103] FIG. 5 is a working timing sequence diagram of the
pixel driving compensating circuit composed of the subpixel
driving circuit in the N-th row and the M-th column in FIG.
2A and the auxiliary compensating circuit ACU(N) in the
N-th row in FIG. 4.

[0104] The subpixel driving circuit is not limited to the
above-mentioned structure, and the auxiliary compensating
circuit is not limited to the above structure too.

[0105] The present disclosure further provides in one
embodiment a pixel circuit driving method for use in the
above-mentioned pixel circuit. The pixel circuit driving
method includes:

[0106] an initial light-emitting step: at an initial light-emit-
ting state, a driving control signal is a high level signal, a
resetting control signal is a high level signal, a scanning signal
is a low level signal, a compensating control signal generated
by an auxiliary compensating circuit is a high level signal, a
switching control signal generated by the auxiliary compen-
sating circuit is a low level signal, a data writing-in transistor
is turned off, a potential at a gate electrode of a driving
transistor s a voltage stored in a previous frame, and an
OLED emits light;

[0107] a resetting step: at a resetting stage, the driving
control signal is a low level signal, the resetting control signal
is a high level signal, the scanning signal is a high level signal,
the compensating control signal generated by the auxiliary
compensating circuit is a low level signal, the switching con-
trol signal generated by the auxiliary compensating circuit is
a high level signal, a reference voltage Vref on a data line is
written into the gate electrode of the driving transistor, the
driving transistor is turned on, and a potential at an anode of
the OLED is reset to be at a low level, and the OLED does not
emit light;

[0108] a compensating step: at a compensating stage, the
driving control signal is a high level signal, the resetting
control signal is a high level signal, a scanning signal is a high
level signal, the compensating control signal generated by the
auxiliary compensating circuit is a high level signal, the
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switching control signal generated by the auxiliary compen-
sating circuit is a high level signal, the reference voltage Vref
on the data line is written into the gate electrode of the driving
transistor, and a potential at a source electrode of the driving
transistor gradually increases to Vref-Vth, so as to compen-
sate for the threshold voltage Vth of the driving transistor with
a gate-to-source voltage of the driving transistor, and the
OLED does not emit light;

[0109] a data writing-in step: at a data writing-in stage, the
driving control signal is a low level signal, the resetting con-
trol signal is a low level signal, the scanning signal is a high
level signal, the compensating control signal generated by the
auxiliary compensating circuit is a floating signal, the switch-
ing control signal generated by the auxiliary compensating
circuit is a high level signal, a data voltage Vdata is written
into the gate electrode of the driving transistor, the driving
transistor is turned on, and the OLED does not emit light; and
[0110] a light-emitting step: at a light-emitting stage, the
driving control signal is a high level signal, the resetting
control signal is a high level signal, the scanning signal is a
low level signal, the compensating control signal generated
by the auxiliary compensating circuit is a high level signal,
the switching control signal generated by the auxiliary com-
pensating circuit is a low level signal, a voltage difference
between two ends of a first capacitor remains unchanged so as
to maintain the gate-to-source voltage of the driving transistor
as unchanged, and the driving transistor is turned on so as to
drive the OLED to emit light.

[0111] The present disclosure further provides an OLED
display panel including the above-mentioned pixel circuit.
[0112] The present disclosure further provides an OLED
display device including the above-mentioned OLED display
panel.

[0113] Theabove are merely the preferred embodiments of
the present disclosure. It should be appreciated that, a person
skilled in the art may make further modifications and
improvements without departing from the principle of the
present disclosure, and these modifications and improve-
ments shall also fall within the scope of the present disclo-
sure.

1. A pixel circuit for use in an organic light-emitting diode
(OLED) display panel, comprising a plurality of row pixel
units;
wherein one of the row pixel units comprises a plurality of
subpixel units; one of the subpixel units comprises a
subpixel driving circuit and an OLED; the subpixel driv-
ing circuit comprises a driving transistor connected to
the OLED and a driving control module which is con-
nected to a data line and the driving transistor;

wherein the one of the row pixel units further comprises an
auxiliary compensating circuit;

an input end of the auxiliary compensating circuit is con-

nected to a gate driving circuit of the OLED display
panel via an auxiliary scanning line; and an outputend of
the auxiliary compensating circuit is connected to the
subpixel driving circuit of the one of the row pixel units
viaa scanning line; the auxiliary compensating circuit is
configured to generate a switching control signal input-
ted to the subpixel driving circuit according to a scan-
ning signal from the gate driving circuit, and generate a
compensating control signal inputted to the subpixel
driving circuit according to a control signal from the gate
driving circuit, and
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the subpixel driving circuit is configured to receive a data

voltage from the data line accordance to the switching

control signal, control the driving transistor to drive the

OLED to emit light according to the data voltage, and

compensate for a threshold voltage of the driving tran-

sistor according to the compensating control signal
when the driving transistor drives the OLED to emit
light.

2. The pixel circuit according to claim 1, wherein each of
the row pixel units comprises a plurality of subpixel units;
each of the subpixel units comprises the subpixel driving
circuit and the OLED; each of the row pixel units comprises
the auxiliary compensating circuit; and the output end of the
auxiliary compensating circuit is connected to each subpixel
driving circuit of each of the row pixel units via a scanning
line.

3. The pixel circuit according to claim 1, wherein the
auxiliary compensating circuitis arranged outside of an effec-
tive display region of the OLED display panel, and the sub-
pixel unit is arranged within the effective display region of the
OLED display panel.

4. The pixel circuit according to claim 1, wherein a driving
power receiving end of the auxiliary compensating circuit is
connected to a driving power signal line; a resetting power
receiving end of the auxiliary compensating circuit is con-
nected to a resetting power signal line; the auxiliary compen-
sating circuit is configured to generate the compensating con-
trol signal according to a driving voltage signal from the
driving power signal line, a resetting voltage signal from the
resetting power signal line and the control signal from the
gate driving circuit, and

the driving power signal line and the resetting power signal

line are both arranged outside of the effective display

region of the OLED display panel.

5. The pixel circuit according to claim 4, wherein a first
electrode of the driving transistor is connected to an anode of
the OLED; a second electrode of the driving transistor is
configured to receive the compensating control signal;

a cathode of the OLED is configured to receive a cathode

potential;

the driving control module comprises:

a data writing-in transistor, a gate electrode of which is
configured to receive the switching control signal, a
first electrode of which is connected to the data line,
and a second electrode of which is connected to a gate
electrode of the driving transistor;

a first capacitor, one end of which is connected to the
gate electrode of the driving transistor, and another
end of which is connected to the first electrode of the
driving transistor; and

asecond capacitor connected between the anode and the
cathode of the OLED.

6. The pixel circuit according to claim 5, wherein the
control signal comprises a driving control signal and a reset-
ting control signal;

the resetting control signal is delayed by two clock periods

relative to the driving control signal;

the auxiliary compensating circuit comprises a switching

control signal generating circuit and a compensating

control signal generating circuit;

the switching control signal generating circuit is config-

ured to directly use the scanning signal from the gate

driving circuit as the switching control signal inputted to
the gate electrode of the data writing-in transistor;
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the compensating control signal generating circuit com-
prises:

a first compensating transistor. a gate electrode of which
is configured to receive the driving control signal, and
a first electrode of which is configured to receive the
resetting voltage signal;

a second compensating transistor, a gate electrode of
which is connected to a second electrode of the first
compensating transistor, and a first electrode of which
is configured to receive the resetting voltage signal,

a third compensating transistor, a gate electrode of
which is configured to receive the driving control
signal, a first electrode of which is connected to a
second electrode of the second compensating transis-
tor, and a second electrode of which is configured to
receive the driving voltage signal;

a fourth compensating transistor, a gate electrode of
which is configured to receive the resetting control
signal, a first electrode of which is connected to the
gate electrode of the second compensating transistor,
and a second electrode of which is configured to
receive the resetting control signal; and

a fifth compensating transistor, a gate electrode of which is
connected to the gate electrode of the second compen-
sating transistor, a first electrode of which is connected
to the first electrode of the fourth compensating transis-
tor, and a second electrode of which is connected to the
second electrode of the fourth compensating transistor;

asignal outputted from the first electrode of the third com-
pensating transistor is the compensating control signal;
and

the first electrode of the third compensating transistor is
connected to the second electrode of the driving transis-
tor.

7. The pixel circuit according to claim 5, wherein the

control signal comprises a driving control signal and a reset-
ting control signal,

the auxiliary compensating circuit comprises a switching
control signal generating circuit and a compensating
control signal generating circuit;

the switching control signal generating circuit is config-
ured to directly use the scanning signal from the gate
driving circuit as the switching control signal inputted to
the gate electrode of the data writing-in transistor;

the compensating control signal generating circuit com-
prises:

a first compensating control transistor, a gate electrode
of which is configured to receive the resetting control
signal, and a first electrode of which is connected to
receive the resetting voltage signal; and

a second compensating control transistor, a gate elec-
trode of which is configured to receive the driving
control signal, a first electrode of which is connected
to asecond electrode of the first compensating control
transistor, and a second electrode of which is config-
ured to receive the driving voltage signal;

a signal outputted from the second electrode of the first
compensating control transistor is the compensating
control signal; and

the second electrode of the first compensating control tran-
sistor is connected to the second electrode of the driving
transistor.
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8. A pixel circuit driving method for use in the pixel circuit
according claim 5, comprising:

an initial light-emitting step: at an initial light-emitting
state, a driving control signal is a high level signal, a
resetting control signal is a high level signal, a scanning
signal is a low level signal, a compensating control sig-
nal generated by an auxiliary compensating circuit is a
high level signal, aswitching control signal generated by
the auxiliary compensating circuit is a low level signal,
a data writing-in transistor is turned off, a potential at a
gate electrode of adriving transistor is a voltage stored in
a previous frame, and an OLED emits light;

a resetting step: at a resetting stage, the driving control
signal is a low level signal, the resetting control signal is
a high level signal, the scanning signal is a high level
signal, the compensating control signal generated by the
auxiliary compensating circuit is a low level signal, the
switching control signal generated by the auxiliary com-
pensating circuit is a high level signal, a reference volt-
age on a data line is written into the gate electrode of the
driving transistor, the driving transistor is turned on, and
apotential at an anode ofthe OLED is reset to be at a low
level, and the OLED does not emit light;

a compensating step: at a compensating stage, the driving
control signal is a high level signal, the resetting control
signal is a high level signal, a scanning signal is a high
level signal, the compensating control signal generated
by the auxiliary compensating circuit is a high level
signal, the switching control signal generated by the
auxiliary compensating circuit is a high level signal, the
reference voltage on the data line is written into the gate
electrode of the driving transistor, and a potential at a
source electrode of the driving transistor gradually
increases to a value obtained by subtracting a threshold
voltage of the driving transistor from the reference volt-
age on the data line, so as to compensate for the thresh-
oldvoltage of the driving transistor with a gate-to-source
voltage of the driving transistor, and the OLED does not
emit light;

adata writing-in step: at a data writing-in stage, the driving
control signal is a low level signal, the resetting control
signal is a low level signal, the scanning signal is a high
level signal, the compensating control signal generated
by the auxiliary compensating circuit is a floating signal,
the switching control signal generated by the auxiliary
compensating circuitis a high level signal, a data voltage
is written into the gate electrode of the driving transistor,
the driving transistor is turned on, and the OLED does
not emit light; and

a light-emitting step: at a light-emitting stage, the driving
control signal is a high level signal, the resetting control
signal is a high level signal, the scanning signal is a low
level signal, the compensating control signal generated
by the auxiliary compensating circuit is a high level
signal, the switching control signal generated by the
auxiliary compensating circuit is a low level signal, a
voltage difference between two ends of a first capacitor
remains unchanged so as to maintain the gate-to-source
voltage of the driving transistor as unchanged, and the
driving transistor is turned on so as to drive the OLED to
emit light.
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9. An OLED display panel comprising a pixel circuit;

the pixel circuit comprises a plurality of row pixel units;

wherein one of the row pixel units comprises a plurality of

subpixel units; one of the subpixel units comprises a
subpixel driving circuit and an OLED; the subpixel driv-
ing circuit comprises a driving transistor connected to
the OLED and a driving control module which is con-
nected to a data line and the driving transistor;

wherein the one of the row pixel units further comprises an

auxiliary compensating circuit;

an input end of the auxiliary compensating circuit is con-

nected to a gate driving circuit of the OLED display
panel via an auxiliary scanning line; and an outputend of
the auxiliary compensating circuit is connected to the
subpixel driving circuit of the one of the row pixel units
viaa scanning line; the auxiliary compensating circuit is
configured to generate a switching control signal input-
ted to the subpixel driving circuit according to a scan-
ning signal from the gate driving circuit, and generate a
compensating control signal inputted to the subpixel
driving circuit according to a control signal from the gate
driving circuit, and

the subpixel driving circuit is configured to receive a data

voltage from the data line accordance to the switching
control signal, control the driving transistor to drive the
OLED to emit light according to the data voltage, and
compensate for a threshold voltage of the driving tran-
sistor according to the compensating control signal
when the driving transistor drives the OLED to emit
light.

10. An OLED display device comprising the OLED dis-
play panel according to claim 9.

11. The OLED display panel according to claim 9, wherein
each of the row pixel units comprises a plurality of subpixel
units; each of the subpixel units comprises the subpixel driv-
ing circuit and the OLED; each of the row pixel units com-
prises the auxiliary compensating circuit; and the output end
of the auxiliary compensating circuit is connected to each
subpixel driving circuit of each of the row pixel units via a
scanning line.

12. The OLED display panel according to claim 9, wherein
the auxiliary compensating circuit is arranged outside of an
effective display region of the OLED display panel, and the
subpixel unit is arranged within the effective display region of
the OLED display panel.

13.The OLED display panel according to claim 9, wherein
a driving power receiving end of the auxiliary compensating
circuit is connected to a driving power signal line; a resetting
power receiving end of the auxiliary compensating circuit is
connected to a resetting power signal line; the auxiliary com-
pensating circuit is configured to generate the compensating
control signal according to a driving voltage signal from the
driving power signal line, a resetting voltage signal from the
resetting power signal line and the control signal from the
gate driving circuit, and

the driving power signal line and the resetting power signal

line are both arranged outside of the effective display
region of the OLED display panel.

14. The OLED display panel according to claim 13,
wherein a first electrode of the driving transistor is connected
to an anode of the OLED; a second electrode of the driving
transistor is configured to receive the compensating control
signal,



US 2016/0253953 Al

a cathode of the OLED is configured to receive a cathode

potential;

the driving control module comprises:

a data writing-in transistor, a gate electrode of which is
configured to receive the switching control signal, a
first electrode of which is connected to the data line,
and a second electrode of which is connected to a gate
electrode of the driving transistor;

a first capacitor, one end of which is connected to the
gate electrode of the driving transistor, and another
end of which is connected to the first electrode of the
driving transistor; and

asecond capacitor connected between the anode and the
cathode of the OLED.

15. The OLED display panel according to claim 9, wherein
the control signal comprises a driving control signal and a
resetting control signal,

the resetting control signal is delayed by two clock periods

relative to the driving control signal;

the auxiliary compensating circuit comprises a switching

control signal generating circuit and a compensating

control signal generating circuit;

the switching control signal generating circuit is config-

ured to directly use the scanning signal from the gate

driving circuit as the switching control signal inputted to
the gate electrode of the data writing-in transistor;

the compensating control signal generating circuit com-

prises:

a first compensating transistor, a gate electrode of which
is configured to receive the driving control signal, and
a first electrode of which is configured to receive the
resetting voltage signal;

a second compensating transistor, a gate electrode of
which is connected to a second electrode of the first
compensating transistor, and afirst electrode of which
1s configured to receive the resetting voltage signal;

a third compensating transistor, a gate electrode of
which is configured to receive the driving control
signal, a first electrode of which is connected to a
second electrode of the second compensating transis-
tor, and a second electrode of which is configured to
receive the driving voltage signal;

a fourth compensating transistor, a gate electrode of
which is configured to receive the resetting control
signal, a first electrode of which is connected to the
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gate electrode of the second compensating transistor,
and a second electrode of which is configured to
receive the resetting control signal; and

a fifth compensating transistor, a gate electrode of which
is connected to the gate electrode of the second com-
pensating transistor, a first electrode of which is con-
nected to the first electrode of the fourth compensat-
ing transistor, and a second electrode of which is
connected to the second electrode of the fourth com-
pensating transistor;

a signal outputted from the first electrode of the third com-
pensating transistor is the compensating control signal;
and

the first electrode of the third compensating transistor is
connected to the second electrode of the driving transis-
tor.

16. The OLED display panel according to claim 14,
wherein the control signal comprises a driving control signal
and a resetting control signal;

the auxiliary compensating circuit comprises a switching
control signal generating circuit and a compensating
control signal generating circuit;

the switching control signal generating circuit is config-
ured to directly use the scanning signal from the gate
driving circuit as the switching control signal inputted to
the gate electrode of the data writing-in transistor;

the compensating control signal generating circuit com-
prises:

a first compensating control transistor, a gate electrode
of which is configured to receive the resetting control
signal, and a first electrode of which is connected to
receive the resetting voltage signal; and

a second compensating control transistor, a gate elec-
trode of which is configured to receive the driving
control signal, a first electrode of which is connected
to asecond electrode of the first compensating control
transistor, and a second electrode of which is config-
ured to receive the driving voltage signal;

a signal outputted from the second electrode of the first
compensating control transistor is the compensating
control signal; and

the second electrode of the first compensating control tran-
sistor is connected to the second electrode of the driving
transistor.
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