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(57) ABSTRACT

A driving circuit for a full-color OLED pixel and a driving
method of the driving circuit. The full-color OLED pixel
comprises at least two color thin film layers stacked (Colorl,
Color2, Color3) and insulating layers (Ins1, Ins2) arranged
between any two adjacent thin film layers. The driving
circuit comprises at least two driving sub-circuits, the at
least two driving sub-circuits share a data line (DATA) and
a light-emitting control terminal (EM), and each of the
driving sub-circuits is connected to a scanning control
terminal corresponding thereto (SCAN1, SCAN2, SCAN3)
and is configured to drive the color thin film layer corre-
sponding thereto. The at least two driving sub-circuits read
data signals on the data line in sequence under the control of
the respective scanning control terminals, and drive the
respective color thin film layers to emit light concurrently
under the control of the light-emitting control terminal.
Full-color display of the full-color OLED pixel is achieved
by reading in sequence corresponding data signals for the at
least two color thin film layers stacked and controlling the at
least two color thin film layers to emit light concurrently.
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DRIVING CIRCUIT FOR FULL-COLOR
ORGANIC LIGHT-EMITTING DIODE PIXEL
AND DRIVING METHOD OF THE DRIVING

CIRCUIT

TECHNICAL FIELD

[0001] The present disclosure relates to the technical field
of organic light-emitting diode pixel display, and particu-
larly to a driving circuit for a full-color organic light-
emitting diode pixel and a driving method of the driving
circuit.

BACKGROUND

[0002] Organic light emitting diodes AMOLEDs have
currently become a hotspot in plate display research. As
compared with a liquid crystal display, OLED has advanta-
geous of low power consumption, low production cost,
self-luminescent, wide viewing angle and rapid response,
etc.

[0003] A traditional AMOLED display mainly comprises
a substrate and OLED pixel units manufactured on the
substrate, each of the OLED pixel units comprises a struc-
ture of an OLED pixel per se and a driving circuit for the
OLED pixel, and the driving circuit drives the OLED pixel
to emit light according to signals on a corresponding gate
line and a corresponding data line. FIG. 1 illustrates a
schematic structural diagram of an OLED pixel in the prior
art. As shown in FIG. 1, the structure of the OLED pixel
comprises an anode electrode and a cathode electrode dis-
posed oppositely and a light-emitting thin film layer sand-
wiched between the anode electrode and the cathode elec-
trode, the light-emitting thin film layer comprises a hole
injection layer (HIL), a hole transport layer (HTL), an
organic light-emitting material layer (EML), an electron
transport layer (ETL) and an electron injection layer (EIL)
in sequence along a direction from the anode electrode to the
cathode electrode. The OLED pixel is a current driving type
light-emitting device, when a driving current flows from the
anode electrode to the cathode electrode of the structure of
the OLED structure, holes and electrons are combined at the
organic light-emitting material layer to release energy, umi-
nescent molecules in the organic light-emitting material
layer transit to an excited state from a ground state when
being excited, and the molecules in the excited state form
photons in the radiative transition from the excited state
back to the ground state, thereby luminance phenomenon is
generated.

[0004] FIG. 2 illustrates a schematic diagram of pixel
arrangement of an AMOLED display in the prior art. As
shown in FIG. 2, three adjacent OLED pixels in a row are
a red pixel, a green pixel and a blue pixel, color display can
be achieved by color mixing of the red pixel, the green pixel
and the blue pixel, Gate represents a gate line and Data
represents a data line in FIG. 2. However, each specific
OLED pixel can only display one of three primary colors
and only functions as a functional unit in the color display.
In other words, the AMOLED display as shown in FIG. 2
fails to really achieve full-color display on a pixel level.

[0005] Therefore, there is a need for an OLED pixel
structure and an AMOLED display corresponding thereto
which are capable of really achieving extreme full-color
display.
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SUMMARY

[0006] In order to solve the above technical problem, the
present disclosure proposes a driving circuit for a full-color
OLED pixel and a driving method of the driving circuit,
which can achieve full-color display by the full-color OLED
pixel by reading data signals for at least two color thin film
layers stacked in sequence and controlling the at least two
color thin film layers to emit light concurrently.

[0007] According to one aspect of the present disclosure,
there is provided a driving circuit for a full-color OLED
pixel. The full-color OLED pixel comprises at least two
color thin film layers stacked and insulating layers arranged
between any two adjacent thin film layers. The driving
circuit comprises at least two driving sub-circuits, the at
least two driving sub-circuits share a data line and a light-
emitting control terminal, and each of the driving sub-
circuits is connected to a scanning control terminal corre-
sponding thereto and is configured to drive the color thin
film layer corresponding thereto. The at least two driving
sub-circuits read data signals on the data line in sequence
under the control of the respective scanning control termi-
nals, and drive the respective color thin film layers to emit
light concurrently under the control of the light-emitting
control terminal.

[0008] According to one embodiment of the present dis-
closure, the at least two color thin film layers comprise a first
color thin film layer, a second color thin film layer and a
third color thin film layer, and the at least two driving
sub-circuits comprise a first driving sub-circuit connected to
a first scanning control terminal, the data line and the
light-emitting control terminal and configured to drive the
first color thin film layer; a second driving sub-circuit
connected to a second scanning control terminal, the data
line and the light-emitting control terminal and configured to
drive the second color thin film layer; and a third driving
sub-circuit connected to a third scanning control terminal,
the data line and the light-emitting control terminal and
configured to drive the third color thin film layer.

[0009] The first driving sub-circuit, the second driving
sub-circuit and the third driving sub-circuit read the data
signals on the data line in sequence under the control of the
first scanning control terminal, the second scanning control
terminal and the third scanning control terminal; and the first
driving sub-circuit, the second driving sub-circuit and the
third driving sub-circuit drive the first color thin film layer,
the second color thin film layer and the third color thin film
layer respectively to emit light concurrently under the con-
trol of the light-emitting control terminal.

[0010] According to one embodiment of the present dis-
closure, each of the driving sub-circuits comprises a data-
reading module for reading and storing a data signal on the
data line, and a light-emitting driving module for driving a
color thin film layer corresponding thereto to emit light.
[0011] According to one embodiment of the present dis-
closure, the data-reading module is further configured to
store a threshold voltage of a driving transistor in the
light-emitting driving module, and the data-reading module
comprises a first switching transistor having a gate con-
nected to the first scanning control terminal, a first electrode
connected to the data line and a second electrode connected
to a second electrode of the driving transistor; a second
switching transistor having a gate connected to the first
scanning control terminal and a second electrode connected
to a first electrode of the driving transistor; a capacitor
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having a first electrode connected to a first electrode of the
second switching transistor and a second electrode con-
nected to a first level supply terminal.

[0012] According to one embodiment of the present dis-
closure, the light-emitting driving module comprises: a third
switching transistor having a gate connected to the light-
emitting control terminal, a first electrode connected to the
first level supply terminal, and a second electrode connected
to the first electrode of the driving transistor and the second
electrode of the second switching transistor; a fourth switch-
ing transistor having a gate connected to the light-emitting
control terminal, a first electrode connected to the second
electrode of the driving transistor, and a second electrode
connected to a first electrode of the color thin film layer
corresponding thereto; and the driving transistor having a
gate connected to the first electrode of the capacitor.
[0013] According to one embodiment of the present dis-
closure, the at least two driving sub-circuits further share a
resetting control terminal, and each of the driving sub-
circuits further comprises a resetting module for resetting
the data-reading module in the driving sub-circuit to its
initial state under the control of the resetting control termi-
nal.

[0014] According to one embodiment of the present dis-
closure, the resetting module comprises a fifth switching
transistor having a gate connected to the resetting control
terminal, a first electrode connected to the first electrode of
the capacitor and the gate of the driving transistor, and a
second electrode connected to a second level supply termi-
nal.

[0015] According to another aspect of the present disclo-
sure, there is further provided a driving method of a driving
circuit of a full-color OLED pixel, the full-color OLED pixel
comprises at least two color thin film layers stacked and
insulating layers arranged between any two adjacent thin
film layers. The driving circuit comprises at least two
driving sub-circuits, the at least two driving sub-circuits
share a data line and a light-emitting control terminal, and
each of the driving sub-circuits is connected to a scanning
control terminal corresponding thereto and is configured to
drive the color thin film layer corresponding thereto. The
driving method comprises: during a data-reading period, the
at least two driving sub-circuits reading data signals on the
data line in sequence under the control of the respective
scanning control terminals; during a light-emitting period,
the at least two driving sub-circuits driving the respective
color thin film layers respectively to emit light concurrently
under the control of the light-emitting control terminal.
[0016] According to one embodiment of the present dis-
closure, after the light-emitting period or before the data-
reading period, the driving method further comprises: during
a resetting period, resetting each of the at least two driving
sub-circuit to its initial state.

[0017] According to one embodiment of the present dis-
closure, the at least two color thin film layers comprise a first
color thin film layer, a second color thin film layer and a
third color thin film layer, and the at least two driving
sub-circuits comprise a first driving sub-circuit, a second
driving sub-circuit and a third driving sub-circuit, the first
driving sub-circuit is connected to a first scanning control
terminal, the data line and the light-emitting control termi-
nal, the second driving sub-circuit is connected to a second
scanning control terminal, the data line and the light-emit-
ting control terminal, and the third driving sub-circuit is
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connected to a third scanning control terminal, the data line
and the light-emitting control terminal.

[0018] The at least two driving sub-circuits reading data
signals on the data line in sequence under the control of the
respective scanning control terminals during a data-reading
period comprises: during a first data-reading period, the first
driving sub-circuit reading and storing a first data signal on
the data line under the control of the first scanning control
terminal; during a second data-reading period, the second
driving sub-circuit reading and storing a second data signal
on the data line under the control of the second scanning
control terminal; and during a third data-reading period, the
third driving sub-circuit reading and storing a third data
signal on the data line under the control of the third scanning
control terminal.

[0019] The at least two driving sub-circuits driving the
respective color thin film layers to emit light concurrently
under the control of the light-emitting control terminal
during a light-emitting period comprises: during the light-
emitting period, the first driving sub-circuit, the second
driving sub-circuit and the third driving sub-circuit drive the
first color thin film layer, the second color thin film layer and
the third color thin film layer respectively to emit light
concurrently under the control of the light-emitting control
terminal.

[0020] According to one embodiment of the present dis-
closure, during the first data-reading period, the first scan-
ning control terminal is at a low level, the second scanning
control terminal and the third scanning control terminal are
at a high level, and the light-emitting control terminal is at
a high level; during the second data-reading period, the
second scanning control terminal is at a low level, the first
scanning control terminal and the third scanning control
terminal are at a high level, and the light-emitting control
terminal is at a high level; during the third data-reading
period, the third scanning control terminal is at a low level,
the first scanning control terminal and the second scanning
control terminal are at a high level, and the light-emitting
control terminal is at a high level; during the light-emitting
period, the first scanning control terminal, the second scan-
ning control terminal and the third scanning control terminal
are at a high level, and the light-emitting control terminal is
at a low level.

[0021] According to one embodiment of the present dis-
closure, the at least two driving sub-circuits further share a
resetting control terminal, the resetting control terminal is at
a low level during a resetting period and is at a high level
during the data-reading period and the light-emitting period.
During the resetting period, the respective scanning control
terminals and the light-emitting control terminal are at a
high level.

[0022] According to one embodiment of the present dis-
closure, each of the driving sub-circuits comprises a data-
reading module and a light-emitting driving module. The
data-reading module comprises: a first switching transistor
having a gate connected to the first scanning control termi-
nal, a first electrode connected to the data line and a second
electrode connected to a second electrode of a driving
transistor in the light-emitting driving module; a second
switching transistor having a gate connected to the first
scanning control terminal and a second electrode connected
to a first electrode of the driving transistor; a capacitor
having a first electrode connected to a first electrode of the
second switching transistor and a second electrode con-
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nected to a first level supply terminal. The light-emitting
driving module comprises: a third switching transistor hav-
ing a gate connected to the light-emitting control terminal,
a first electrode connected to the first level supply terminal,
and a second electrode connected to the first electrode of the
driving transistor and the second electrode of the second
switching transistor; a fourth switching transistor having a
gate connected to the light-emitting control terminal, a first
electrode connected to the second electrode of the driving
transistor, and a second electrode connected to a first elec-
trode of the color thin film layer corresponding thereto; and
the driving transistor having a gate connected to the first
electrode of the capacitor.

[0023] According to one embodiment of the present dis-
closure, the driving sub-circuits share a resetting control
terminal, and each of the driving sub-circuits further com-
prises a resetting module for resetting the data-reading
module to its initial state. The resetting module comprises a
fifth switching transistor having a gate connected to the
resetting control terminal, a first electrode connected to the
first electrode of the capacitor and the gate of the driving
transistor, and a second electrode comnected to a second
level supply terminal.

[0024] According to one embodiment of the present dis-
closure, the at least two color thin film layers comprise a first
color thin film layer, a second color thin film layer and a
third color thin film layer, and the at least two driving
sub-circuits comprise a first driving sub-circuit, a second
driving sub-circuit and a third driving sub-circuit, the first
driving sub-circuit is connected to a first scanning control
terminal, the data line and the light-emitting control termi-
nal, the second driving sub-circuit is connected to a second
scanning control terminal, the data line and the light-emit-
ting control terminal, and a third driving sub-circuit is
connected to a third scanning control terminal, the data line
and the light-emitting control terminal.

[0025] The at least two driving sub-circuits reading data
signals on the data line in sequence under the control of the
respective scanning control terminals during a data-reading
period comprises: during a first data-reading period, the first
scanning control terminal is at a low level, the second
scanning control terminal and the third scanning control
terminal are at a high level, and the light-emitting control
terminal is at a high level, a data signal on the data line is
a first data signal, the first switching transistor and the
second switching transistor in the first driving sub-circuit are
turned on, the driving transistor in the first driving sub-
circuit is turned on such that the capacitor stores the first data
signal and the threshold voltage of the driving transistor;
during the second data-reading period, the second scanning
control terminal is at a low level, the first scanning control
terminal and the third scanning control terminal are at a high
level, and the light-emitting control terminal is at a high
level, a data signal on the data line is a second data signal,
such that the capacitor in the second driving sub-circuit
stores the second data signal and the threshold voltage of the
driving transistor in the second driving sub-circuit, the
capacitor in the first driving sub-circuit keeps the voltage
across its two electrodes unchanged; during the third data-
reading period, the third scanning control terminal is at a low
level, the first scanning control terminal and the second
scanning control terminal are at a high level, and the
light-emitting control terminal is at a high level, a data signal
on the data line is a third data signal, such that the capacitor
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in the third driving sub-circuit stores the third data signal and
the threshold voltage of the driving transistor in the third
driving sub-circuit, the capacitor in the first driving sub-
circuit keeps the voltage across its two electrodes unchanged
and the capacitor in the second driving sub-circuit keeps the
voltage across its two electrodes unchanged.

[0026] The at least two sub-circuits driving the respective
color thin film layers to emit light concurrently under the
control of the light-emitting control terminal during a light-
emitting period comprises: during the light-emitting period,
the first scanning control terminal, the second scanning
control terminal and the third scanning control terminal are
at a high level, and the light-emitting control terminal is at
a low level, the driving transistor in the first driving sub-
circuit is turned on and drives the first color thin film layer
to emit light, the driving transistor in the second driving
sub-circuit is turned on and drives the second color thin film
layer to emit light, and the driving transistor in the third
driving sub-circuit is turned on and drives the third color thin
film layer to emit light.

[0027] According to one embodiment of the present dis-
closure, during the resetting period, the respective scanning
control terminals and the light-emitting control terminal are
at a high level, the resetting control terminal is at a low level,
the fifth switching transistor in the resetting module of each
of the driving sub-circuits is turned on, such that a voltage
of the first electrode of the capacitor in each of the driving
sub-circuits is reset to a voltage at the second level supply
terminal.

[0028] According to one embodiment of the present dis-
closure, for each of the driving sub-circuits, during the
data-reading period corresponding thereto, a first current
origins from the data line, flows through the first switching
transistor, the driving transistor and the second switching
transistor in sequence, and arrives at the first electrode of the
capacitor in the driving sub-circuit; and during the light-
emitting period, a second current origins from the first level
supply terminal, flows through the third switching transistor,
the driving transistor and the fourth switching transistor in
sequence, and arrives at the first electrode of the color thin
film layer corresponding to the driving sub-circuit.

[0029] According to one embodiment of the present dis-
closure, for each of the driving sub-circuits, during the
data-reading period corresponding thereto, the first current
flows from the second electrode of the driving transistor to
the first electrode of the driving transistor, during the light-
emitting period, the second current flows from the first
electrode of the driving transistor to the second electrode of
the driving transistor; and for each of the driving sub-
circuits, during the light-emitting period, the color thin film
layer corresponding thereto is driven to emit light by the data
voltage corresponding thereto and the threshold voltage of
the driving transistor corresponding thereto stored by the
capacitor in the driving sub-circuit, so as to compensate for
effect of drift of the threshold voltage of the driving tran-
sistor on luminance of the color thin film layer.

[0030] According to one embodiment of the present dis-
closure, the first level supply terminal is a high level supply
terminal, the second level supply terminal is a low level
supply terminal; and for each of the color thin film layers,
the first electrode is an anode, and the second electrode is a
cathode and is connected to the second level supply termi-
nal.
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[0031] According to another aspect of the present disclo-
sure, there is further provided a substrate array comprising
an array of full-color OLED pixels, each of the full-color
OLED pixels comprises the driving circuit for the full-color
OLED pixel described above.

[0032] According to yet another aspect of the present
disclosure, there is further provided a full-color OLED
display comprising the substrate array described above.
[0033] Other features and advantageous of the present
disclosure will be illustrated in the following specification,
and will partially become apparent from the specification or
be obtained by implementing the present disclosure. The
object and other advantageous of the present disclosure can
be achieved and acquired by structures specifically proposed
in the specification, claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other objects, features and advan-
tageous of the present disclosure will be apparent from the
detailed descriptions on the embodiments of the present
disclosure in connection with the accompanying drawings.
The accompanying drawings are used to provide further
understandings to the embodiments of the present disclosure
and constitute a part of the specification, and are used to
explain the present disclosure together with the embodi-
ments of the present disclosure rather than constituting
limitations to the present disclosure. In the accompanying
drawings, same reference signs generally represent same
components or steps.

[0035] FIG. 1 illustrates a schematic structural diagram of
an OLED pixel in the prior art;

[0036] FIG. 2 illustrates a schematic diagram of pixel
arrangement of an AMOLED display in the prior art;
[0037] FIG. 3 illustrates an exemplary structural block
diagram of a full-color OLED pixel according to one
embodiment of the present disclosure;

[0038] FIG. 4 illustrates a detailed structural block dia-
gram of the full-color OLED pixel as shown in FIG. 3;
[0039] FIG. 5 and FIG. 6 illustrate arrangement of the
full-color OLED pixel and a driving circuit for the full-color
OLED pixel according to one embodiment of the present
disclosure;

[0040] FIG. 7 illustrates a schematic structural block dia-
gram of a driving circuit of the full-color OLED pixel
according to one embodiment of the present disclosure;
[0041] FIG. 8 illustrates a detailed structural block dia-
gram of a driving circuit of the full-color OLED pixel
according to a first embodiment of the present disclosure;
[0042] FIG. 9 illustrates a schematic circuit diagram of the
driving circuit of the full-color OLED pixel as shown in
FIG. 8 according to the first embodiment of the present
disclosure;

[0043] FIG. 10 illustrates a detailed structural block dia-
gram of a driving circuit of the full-color OLED pixel
according to a second embodiment of the present disclosure;
[0044] FIG. 11 illustrates a schematic circuit diagram of
the driving circuit of the full-color OLED pixel as shown in
FIG. 10 according to the second embodiment of the present
disclosure;

[0045] FIG. 12 illustrates a schematic flowchart of an
operation method of the driving circuit of the full-color
OLED pixel according to the first embodiment of the present
disclosure;
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[0046] FIG. 13 illustrates a schematic flowchart of an
operation method of the driving circuit of the full-color
OLED pixel according to the second embodiment of the
present disclosure;

[0047] FIG. 14 illustrates a signal sequence diagram of the
driving circuit of the full-color OLED pixel according to the
first embodiment of the present disclosure;

[0048] FIG. 15 illustrates a schematic operation diagram
of the driving circuit of the full-color OLED pixel during a
first data-reading period according to the first embodiment
of the present disclosure;

[0049] FIG. 16 illustrates a schematic operation diagram
of the driving circuit of the full-color OLED pixel during a
second data-reading period according to the first embodi-
ment of the present disclosure;

[0050] FIG. 17 illustrates a schematic operation diagram
of the driving circuit of the full-color OLED pixel during a
third data-reading period according to the first embodiment
of the present disclosure;

[0051] FIG. 18 illustrates a schematic operation diagram
of the driving circuit of the full-color OLED pixel during a
light-emitting period according to the first embodiment of
the present disclosure;

[0052] FIG. 19 illustrates a signal sequence diagram of the
driving circuit of the full-color OLED pixel according to the
second embodiment of the present disclosure; and

[0053] FIG. 20 illustrates a schematic operation diagram
of the driving circuit of the full-color OLED pixel according
to the second embodiment of the present disclosure.

DETAILED DESCRIPTION

[0054] In order to make the object, the technical solutions
and the advantageous of the embodiments of the present
disclosure apparent, the embodiments of the present disclo-
sure will be described below in detail taken in conjunction
with the accompanying drawings of the embodiments of the
present disclosure. Obviously, the described exemplary
embodiments are only some but not all of the embodiments
of the present disclosure. Other embodiments obtained by
those skilled in the art based on the described embodiments
without paying inventive labor shall belong to the scope
sought for protection in the present disclosure.

[0055] Here, it should be noted that, in the accompanying
drawings, same reference signs represent components hav-
ing substantially same or similar structures or functions and
repeated description thereof will be omitted.

[0056] According to embodiments of the present disclo-
sure, an OLED pixel structure comprising at least two color
display thin film layers stacked is proposed. Particularly, a
full-color OLED pixel according to the embodiments of the
present disclosure comprises at least two thin film layers
stacked and insulating layers arranged between any two
adjacent thin film layers. In order to achieve full-color
display of the full-color OLED pixel, the at least two film
layers and the insulating layers are transparent layers.
[0057] FIG. 3 is an exemplary structural block diagram of
the full-color OLED pixel of the embodiments of the present
disclosure.

[0058] As shown in FIG. 3, the full-color OLED pixel
comprises three color thin film layers stacked and insulating
layers arranged between any two adjacent color thin film
layers. Particularly, the full-color OLED pixel shown in FIG.
3 comprises a first color thin film layer Color1, an insulating
layer Ins1, a second color thin film layer Color2, an insu-
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lating layer Ins2, and a third color thin film layer Color3 in
a stack order. The first color thin film layer Colorl is
configured to emit light having a first color, the second color
thin film layer Color2 is configured to emit light having a
second color, and the third color thin film layer Color3 is
configured to emit light having a third color. For example,
the first color thin film layer Colorl, the second color thin
film layer Color2 and the third color thin film layer Color3
may be a combination of a red thin film layer, a green thin
film layer and a blue thin film layer in any order.

[0059] Furthermore, as shown in FIG. 3, the three color
thin film layers and the insulating layers of the full-color
OLED pixel are transparent layers.

[0060] FIG. 4 illustrates a detailed structural block dia-
gram of the full-color OLED pixel as shown in FIG. 3.
[0061] As shown in FIG. 4, each of the first color thin film
layer Colorl, the second color thin film layer Color2 and the
third color thin film layer Color3 comprises an electron
injection layer (EIL), an electron transport layer (ETL), an
emitting material layer (EML), a hole transport layer (HTL)
and a hole injection layer (HIL).

[0062] Furthermore, each of the first color thin film layer
Colorl, the second color thin film layer Color2 and the third
color thin film layer Color3 further comprises a cathode
electrode (Cathode) and an anode electrode (Anode). The
cathode electrode may be a metal negative electrode, and the
anode electrode may be an Indium Tin Oxide (ITO) elec-
trode.

[0063] Foreach ofthe first color thin film layer Colorl, the
second color thin film layer Color2 and the third color thin
film layer Color3, the luminance of the color thin film layer
can be controlled by controlling a current flowing from the
anode electrode to the cathode electrode thereof according to
the data voltage corresponding thereto. Any combination of
the first color, the second color and the third color can be
achieved by controlling the luminance of each of the color
thin film layers in the full-color OLED pixel structure
separately since each of the color thin film layers and each
of the insulating layers are transparent layers. In case that the
first color, the second color and the third color are three
primary colors, the full-color display can be achieved.
Therefore, each of the color thin film layers functions as a
display functional layer of the full-color OLED pixel.
[0064] FIG. 5 and FIG. 6 illustrate arrangement of the
full-color OLED pixel and a driving circuit for the full-color
OLED pixel according to one embodiment of the present
disclosure.

[0065] As shown in FIG. 5, the driving circuit for the
full-color OLED pixel is arranged on the full-color OLED
pixel, and size of the full-color OLED pixel can be set
according to size of the driving circuit for the full-color
OLED pixel.

[0066] As shown in FIG. 6, the driving circuit for the
full-color OLED pixel can supply a driving current for each
of the color thin film layers of the full-color OLED pixel.
Based on such arrangement, a driving circuit for a plurality
of color thin film layers of a full-color OLED pixel can be
formed on the full-color OLED pixel and can supply a
driving current for an anode electrode of each of the color
thin film layers separately, and thus a real full-color display
of the full-color OLED pixel can be achieved. In FIG. 6, the
driving circuit is illustrated as three parts Cstl, Cst2 and
Cst3 which supply driving currents for the anode electrodes
of the three color thin film layers respectively. However, the
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present application is not so limited, and the driving circuit
may be a whole circuit instead of being formed by three
separate parts.

[0067] According to one embodiment of the present appli-
cation, the driving circuit for the full-color OLED pixel
comprises at least two driving sub-circuits connected to a
same data line and a same light-emitting control terminal,
and each of the driving sub-circuits is connected to a
scanning control terminal corresponding thereto and is con-
figured to drive the color thin film layer corresponding
thereto. The at least two driving sub-circuits read data
signals on the data line in sequence under the control of the
respective scanning control terminals, and drive the respec-
tive color thin film layers to emit light concurrently under
the control of the light-emitting control terminal.

[0068] Description will be given below by taking that the
first, the second and the third color thin film layers corre-
spond to three primary colors respectively as an example.
Herein, the three primary colors may be red-green-blue three
primary colors, but the present application is not so limited.
[0069] FIG. 7 illustrates a schematic structural block dia-
gram of the driving circuit for the full-color OLED pixel
according to one embodiment of the present disclosure.
[0070] As shown in FIG. 7, the driving circuit for the
full-color OLED pixel comprises a first driving sub-circuit
701, a second driving sub-circuit 702 and a third driving
sub-circuit 703. Furthermore, the driving circuit for the
full-color OLED pixel is further connected to a data line
DATA, three scanning control terminals SCAN1-SCAN3
and a light-emitting control terminal EM.

[0071] The first driving sub-circuit 701 is connected to a
first scanning control terminal SCANT, the data line DATA
and the light-emitting control terminal EM, and is config-
ured to drive the first color thin film layer.

[0072] The second driving sub-circuit 702 is connected to
a second scanning control terminal SCAN2, the data line
DATA and the light-emitting control terminal EM, and is
configured to drive the second color thin film layer.

[0073] The third driving sub-circuit 703 is connected to a
third scanning control terminal SCAN3, the data line DATA
and the light-emitting control terminal EM, and is config-
ured to drive the third color thin film layer.

[0074] The first driving sub-circuit 701, the second driving
sub-circuit 702 and the third driving sub-circuit 703 read the
data signals on the data line DATA in sequence under the
control of a first scanning control signal at the first scanning
control terminal SCANT, a second scanning control signal at
the second scanning control terminal SCAN2 and a third
scanning control signal at the third scanning control terminal
SCAN3.

[0075] The first driving sub-circuit 701, the second driving
sub-circuit 702 and the third driving sub-circuit 703 drive
the first color thin film layer, the second color thin film layer
and the third color thin film layer respectively to emit light
concurrently under the control of a light-emitting control
signal at the light-emitting control terminal EM.

[0076] FIG. 8 illustrates a detailed structural block dia-
gram of a driving circuit for the full-color OLED pixel
according to a first embodiment of the present disclosure.
[0077] As shown in FIG. 8, the first driving sub-circuit
701 comprises a data-reading module 801 and a light-
emitting driving module 802; the second driving sub-circuit
702 comprises a data-reading module 803 and a light-
emitting driving module 804; and the third driving sub-
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circuit 703 comprises a data-reading module 805 and a
light-emitting driving module 806.

[0078] The data-reading modules 801, 803 and 805 read
and store data signals on the data line DATA respectively.
Particularly, the data-reading module 801 is connected to the
first scanning control terminal SCANI1 and the data line
DATA, and read and store a data signal on the data line
DATA under the control of the first scanning control terminal
SCANT, the data-reading module 803 is connected to the
second scanning control terminal SCAN2 and the data line
DATA, and read and store a data signal on the data line
DATA under the control of the second scanning control
terminal SCAN2; and the data-reading module 805 is con-
nected to the third scanning control terminal SCAN3 and the
data line DATA, and read and store a data signal on the data
line DATA under the control of the third scanning control
terminal SCAN3.

[0079] The light-emitting driving modules 802, 804 and
806 drive the first, the second and the third color thin film
layers to emit light respectively. Particularly, the light-
emitting driving modules 802, 804 and 806 are all connected
to the light-emitting control terminal EM, and drive the first,
the second and the third color thin film layers respectively to
emit light concurrently under the control of the light-
emitting control terminal EM.

[0080] FIG. 9 illustrates a schematic circuit diagram of the
driving circuit for the full-color OLED pixel as shown in
FIG. 8 according to the first embodiment of the present
disclosure. The circuit configuration and operation of the
driving circuit for the full-color OLED pixel will be
described below by taking the first driving sub-circuit 701 as
an example.

[0081] In the accompanying drawings, for sake of simple
illustration, the first color thin film layer is illustrated as
OLED1, the second color thin film layer is illustrated as
OLED2 and the third color thin film layer is illustrated as
OLED3.

[0082] As shown in FIG. 9, the first driving sub-circuit
701 comprises a first switching transistor T1, a second
switching transistor T2, a third switching transistor T3, a
fourth switching transistor T4, a first driving transistor DT1
and a first capacitor C1. The first switching transistor T1, the
second switching transistor T2 and the first capacitor C1
constitute the data-reading module 801; the third switching
transistor T3, the fourth switching transistor T4 and the first
driving transistor DT1 constitute the light-emitting driving
module 802.

[0083] In the data-reading module 801, the first switching
transistor T1 has a gate connected to the first scanning
control terminal SCAN1, a first electrode connected to the
data line DATA and a second electrode connected to a
second electrode of the first driving transistor DT1; the
second switching transistor T2 has a gate connected to the
first scanning control terminal SCANI, a first electrode
connected to a first electrode al of the first capacitor C1 and
a second electrode connected to a first electrode of the first
driving transistor DT1; the first capacitor C1 has a second
electrode b1 connected to a first level supply terminal VDD.
For example, the first level supply terminal VDD is a high
level supply terminal.

[0084] When the first scanning control signal at the first
scanning control terminal SCANI is at an active control
level, the first switching transistor T1 is turned on such that
a data signal on the data line DATA is applied to the second
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electrode of the first driving transistor DT1; and the second
switching transistor T2 is turned on such that the gate and
the first electrode of the first driving transistor DT1 are
connected.

[0085] When the first scanning control terminal SCAN1 is
at an active control level, a reverse-charging current (that is,
discharging current) of the first capacitor C1 origins from the
data line DATA, flows through the first switching transistor
T1, the first driving transistor DT1 and the second switching
transistor T2 in sequence, and arrives at the first electrode al
of the first capacitor C1.

[0086] Taking that the first driving transistor DT1 is a P
type transistor as an example, a threshold voltage of the P
type transistor has a negative value, a voltage at the gate is
lower than a voltage at the source and a gate-source voltage
of the P type transistor is lower than the threshold voltage
thereof. In other words, an absolute value of the gate-source
voltage of the P type transistor is higher than an absolute
value of the threshold voltage thereof.

[0087] Specifically, the threshold voltage V,,,, of the first
driving transistor DT1 has a negative value, and the first
electrode of the first driving transistor DT1 is a drain and the
second electrode of the first driving transistor DT1 is a
source.

[0088] Until the absolute value of the gate-source voltage
Vs of the first driving transistor DT1 is equal to the
absolute value of the threshold voltage V,,, of the first
driving transistor DT1, the first capacitor C1 keeps to be
charged reversely (discharged). Then, the first driving tran-
sistor D1 is turned off such that no reverse-charging current
of the first capacitor C1 flows. That is,

Weas! =W VIV o=V o al = WV g |,

where |+l represents sign of taking an absolute value. After
removing sign of the absolute value, it can be obtained that:
Y pata= V==V 1. Therefore, V=V, .. +V 1.

[0089] At this time, voltage difference across the two
electrodes of the first capacitor C1is V,~V =V -V ..~
V1 Where V<0,V . 1s a first level at the first level supply
terminal VDD, V,, .. is a data voltage on the data line
DATA.

[0090] Therefore, not only the data voltage V,,, on the
data line DATA but also the threshold voltage V ,,, of the first
driving transistor DT1 is held in the first capacitor C1.
[0091] In the light-emitting driving module 802, the third
switching transistor T3 has a gate connected to the light-
emitting control terminal EM, a first electrode connected to
the first level supply terminal VDD, and a second electrode
connected to the first electrode of the first driving transistor
DT1 and the second electrode of the second switching
transistor T2; the fourth switching transistor T4 has a gate
connected to the light-emitting control terminal EM, a first
electrode connected to the second electrode of the first
driving transistor DT1, and a second electrode connected to
an anode electrode of the first color thin film layer; and the
first driving transistor DT1 has a gate connected to the first
electrode al of the first capacitor C1.

[0092] When the first scanning control signal at the first
scanning control terminal SCANI is at an inactive control
level and the light-emitting control signal at the light-
emitting control terminal EM is at an active control level, the
third switching transistor T3 is turned on such that the first
level V ,, at the first level supply terminal VDD is applied to
the first electrode of the first driving transistor DT1; and the
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fourth switching transistor T4 is turned on. At this time, the
voltage at the gate of the first driving transistor DT1 is
V&=V put V1 due to the voltage holding effect of the first
capacitor C1. Therefore, When the first scanning control
terminal SCANT is at an inactive control level and the
light-emitting control terminal EM is at an active control
level, the third switching transistor T3, the first driving
transistor DT1 and the fourth switching transistor T4 are all
turned on, a light-emitting driving current origins from the
first level supply terminal VDD, flows through the third
switching transistor T3, the first driving transistor DT1 and
the fourth switching transistor T4, and arrives at the anode
electrode of the first color thin film layer. At this time, the
first electrode of the first driving transistor DT1 is a source
and the second electrode of the first driving transistor DT1
is a drain.

[0093] The driving current flowing into the anode elec-
trode of the first color thin film layer can be represented as:

Totept = K (Vs = Vi
= K((Vpata + Vint = Vaa) = Vi

= K(Vpa — Vas?

[0094] It can be seen that the driving current flowing into
the anode electrode of the first color thin film layer is
irrelevant to the threshold voltage V,,, of the first driving
transistor DT1. In other words, not only the full-color
display of the full-color OLED pixel can be achieved but
also disadvantageous effect due to drift of the threshold
voltage of the driving transistor can be removed by the
driving circuit for the full-color OLED pixel according to
the embodiments of the present disclosure.

[0095] In FIG. 9, the cathode electrodes of the first, the
second and the third color thin film layers are all grounded,
but the present disclosure is not so limited. The cathode
electrodes of the first, the second and the third color thin film
layers can be connected to a second level supply terminal
VSS together. In case that the first level supply terminal
VDD is a high level supply terminal, the second level supply
terminal VSS is a low level supply terminal.

[0096] On the other hand, in order that display of each
frame of image is not effected by display of its previous
frame of image, that is, by the data voltage V,,,, stored in
the first capacitor C1 during the process of display of the
previous frame, a resetting module can also be incorporated
into each of the driving sub-circuits in the driving circuit for
the full-color OLED pixel as shown in FIG. 8 so as to reset
the data-reading module to its initial state.

[0097] FIG. 10 illustrates a detailed structural block dia-
gram of a driving circuit of the full-color OLED pixel
according to a second embodiment of the present disclosure.
[0098] As shown in FIG. 10, the first driving sub-circuit
701 comprises a data-reading module 801, a light-emitting
driving module 802 and a resetting module 901; the second
driving sub-circuit 702 comprises a data-reading module
803, a light-emitting driving module 804 and a resetting
module 902; and the third driving sub-circuit 703 comprises
a data-reading module 805, a light-emitting driving module
806 and a resetting module 903.

[0099] The configuration and operation of the data-read-
ing modules 801, 803 and 805 in the second embodiment of
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the present disclosure are same as those of the data-reading
modules 801, 803 and 805 in the first embodiment of the
present disclosure, and detailed description is no repeated
herein.

[0100] The configuration and operation of the light-emit-
ting driving modules 802, 804 and 806 in the second
embodiment of the present disclosure are same as those of
the light-emitting driving modules 802, 804 and 806 in the
first embodiment of the present disclosure, and detailed
description is no repeated herein.

[0101] FIG. 11 illustrates a schematic circuit diagram of
the driving circuit for the full-color OLED pixel as shown in
FIG. 10 according to the second embodiment of the present
disclosure. The circuit configuration and operation of the
driving circuit for the full-color OLED pixel will be
described below by taking the first driving sub-circuit 701 as
an example.

[0102] As shown in FIG. 11, the first driving sub-circuit
701 comprises a first switching transistor T1, a second
switching transistor T2, a third switching transistor T3, a
fourth switching transistor T4, a fifth switching transistor
T5, a first driving transistor DT1 and a first capacitor C1.
The first switching transistor T1, the second switching
transistor T2 and the first capacitor C1 constitute the data-
reading module 801; the third switching transistor T3, the
fourth switching transistor T4 and the first driving transistor
DT1 constitute the light-emitting driving module 802; and
the fifth switching transistor T5 constitutes the resetting
module 901.

[0103] The configuration and operation of the data-read-
ing module 801 in the second embodiment of the present
disclosure are same as those of the data-reading module 801
in the first embodiment of the present disclosure, and
detailed description is no repeated herein.

[0104] The configuration and operation of the light-emit-
ting driving module 802 in the second embodiment of the
present disclosure are same as those of the light-emitting
driving module 802 in the first embodiment of the present
disclosure, and detailed description is no repeated herein.
[0105] In the resetting module 901, the fifth switching
transistor T5 has a gate connected to a resetting control
terminal RST, a first electrode connected to the first elec-
trode al of the first capacitor C1 and the gate of the first
driving transistor DT1, and a second electrode connected to
the second level supply terminal VSS.

[0106] When the resetting control signal at the resetting
control terminal RST is at an active control level, the fifth
switching transistor T5 is turned on, and the first capacitor
C1 is charged such that the voltage difference across the two
electrodes of the first capacitor C1 is equal to difference
between the voltage at the first level supply terminal VDD
and the voltage at the second level supply terminal VSS.
[0107] Although the first to fifth switching transistors
T1-T5 and the driving transistor DT1 are illustrated as P type
transistors in the circuit structure in FIG. 9 and FIG. 11, the
embodiments of the present disclosure are not so limited. It
should be understood that each of the first to fifth switching
transistors T1-T5 and the driving transistor DT1 may be an
N type transistor or a P type transistor in the embodiments
of the present disclosure. In case that the first and second
switching transistors T1 and T2 share the first scanning
control terminal SCANI1, it should be ensured that the first
and second switching transistors T1 and T2 are transistors
having a same type; in case that the third and fourth
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switching transistors T3 and T4 share the light-emitting
control terminal EM, it should be ensured that the third and
fourth switching transistors T3 and T4 are transistors having
a same type.

[0108] As an example, the first and second switching
transistors T1 and T2 are N type switching transistors, the
third and fourth switching transistors T3 and T4 are P type
switching transistors, and the fifth switching transistor is an
N type switching transistor. At this time, the active control
level of the first scanning control signal at the first scanning
control terminal SCAN1 is a high level, and the active
control level of the light-emitting control signal at the
light-emitting control terminal EM is a low level, and the
active control level of the resetting control signal at the
resetting control terminal RST is a high level.

[0109] As another example, the first and second switching
transistors T1 and T2 are N type switching transistors, the
third and fourth switching transistors T3 and T4 are N type
switching transistors, and the fifth switching transistor is a P
type switching transistor. At this time, the active control
level of the first scanning control signal at the first scanning
control terminal SCAN1 is a high level, and the active
control level of the light-emitting control signal at the
light-emitting control terminal EM is a high level, and the
active control level of the resetting control signal at the
resetting control terminal RST is a low level.

[0110] As another example, the first driving transistor DT1
is an N type driving transistor. It is easily understood by
those skilled in the art that the connection relationship of the
first capacitor C1, the fifth switching transistor T5, the first
switching transistor T1 and the second switching transistor
T2 may be adjusted accordingly.

[0111] As another example, the first to fifth switching
transistors T1-T5 are all N type switching transistors, and
the first driving transistor is an N type or a P type driving
transistor. At this time, the active control levels of the control
signals at the first scanning control terminal SCANI, the
light-emitting control terminal EM and the resetting control
terminal RST are all a high level.

[0112] Operation of the driving circuit for the full-color
OLED pixel according to the embodiments of the present
disclosure may comprise at least two data-reading periods
and one light-emitting period. During the at least two
data-reading periods, the at least two driving sub-circuits
read and store data signals on the data line in sequence, and
during each of the data-reading periods, only one of the
driving sub-circuits reads and stores a data signal on the data
line; during the light-emitting period, the at least two sub-
circuits drive the at least two color thin film layers respec-
tively to emit light concurrently.

[0113] Operation of the driving circuit for the full-color
OLED pixel according to the first embodiment of the present
disclosure will be described below with reference to FIG.
12, FIG. 13, FIG. 14, FIG. 15 and FIG. 16.

[0114] FIG. 12 illustrates a schematic flowchart of an
operation method of the driving circuit of the full-color
OLED pixel according to the first embodiment of the present
disclosure.

[0115] During a first data-reading period, the first driving
sub-circuit reads and stores a first data signal on the data
line.

[0116] During a second data-reading period, the second
driving sub-circuit reads and stores a second data signal on
the data line.

May 11,2017

[0117] During a third data-reading period, the third driving
sub-circuit reads and stores a third data signal on the data
line.

[0118] During a light-emitting period, the first driving
sub-circuit, the second driving sub-circuit and the third
driving sub-circuit drive the first color thin film layer, the
second color thin film layer and the third color thin film layer
respectively to emit light concurrently.

[0119] As shown in FIG. 10, the driving circuit for the
full-color OLED pixel according to the second embodiment
of the present disclosure comprises a resetting module which
can reset all of the first driving sub-circuit, the second
driving sub-circuit and the third driving sub-circuit to their
initial state after the light-emitting period or before the
data-reading period.

[0120] FIG. 13 illustrates a schematic flowchart of an
operation method of the driving circuit of the full-color
OLED pixel according to the second embodiment of the
present disclosure.

[0121] During a resetting period, the first driving sub-
circuit, the second driving sub-circuit and the third driving
sub-circuit are all reset to their initial state.

[0122] During a first data-reading period, the first driving
sub-circuit reads and stores a first data signal on the data
line.

[0123] During a second data-reading period, the second
driving sub-circuit reads and stores a second data signal on
the data line.

[0124] During a third data-reading period, the third driv-
ing sub-circuit reads and stores a third data signal on the data
line.

[0125] During a light-emitting period, the first driving
sub-circuit, the second driving sub-circuit and the third
driving sub-circuit drive the first color thin film layer, the
second color thin film layer and the third color thin film layer
respectively to emit light concurrently.

[0126] FIG. 14 illustrates a signal sequence diagram of the
driving circuit of the full-color OLED pixel according to the
first embodiment of the present disclosure.

[0127] During the first data-reading period (1), the first
scanning control signal at the first scanning control terminal
SCAN1 is at a low level, the second scanning control signal
at the second scanning control terminal SCAN2 and the third
scanning control signal at the third scanning control terminal
SCAN3 are at a high level, and the light-emitting control
signal at the light-emitting control terminal EM is at a high
level.

[0128] As shown in FIG. 15, during the first data-reading
period, since the first scanning control signal at the first
scanning control terminal SCANT is at a low level, the first
switching transistor T1 is turned on such that the data
voltage V1 on the data line DATA is applied to the second
electrode of the first driving transistor DT1; and the second
switching transistor T2 is turned on such that the gate and
the first electrode of the first driving transistor DT1 are
connected. At this time, the discharging current i1 of the first
capacitor C1 origins from the data line DATA, flows through
the first switching transistor T1, the first driving transistor
DT1 and the second switching transistor T2 in sequence, and
arrives at the first electrode al of the first capacitor C1.
Specifically, the discharging current il flows from the sec-
ond electrode of the first driving transistor DT1 to the first
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electrode of the first driving transistor DT1, and arrives at
the first electrode al of the first capacitor C1 via the second
switching transistor T2.

[0129] At the end of the first data-reading period, as
described above, the voltage at the first electrode al of the
first capacitor C1 is V1+V,,; and the absolute value of the
gate-source voltage of the first driving transistor DT1 is
equal to the absolute value of the threshold voltage of the
first driving transistor DT1 at this time, such that the first
driving transistor DT1 is turned off. Accordingly, the first
data voltage V1 on the data line DATA and the threshold
voltage V,;,, of the first driving transistor DT1 are stored in
the first capacitor C1.

[0130] During the first data-reading period, the second
driving sub-circuit 702 and the third driving sub-circuit 703
do not operate.

[0131] During the second data-reading period (2), the
second scanning control signal at the second scanning
control terminal SCAN2 is at a low level, the first scanning
control signal at the first scanning control terminal SCAN1
and the third scanning control signal at the third scanning
control terminal SCAN3 are at a high level, and the light-
emitting control signal at the light-emitting control terminal
EM is at a high level.

[0132] As shown in FIG. 16, during the second data-
reading period, since the second scanning control signal at
the second scanning control terminal SCAN2 is at a low
level, the twenty-first switching transistor T21 is turned on
such that the data voltage V2 on the data line DATA is
applied to the second electrode of the second driving tran-
sistor DT2; and the twenty-second switching transistor T22
is turned on such that the gate and the first electrode of the
second driving transistor DT2 are connected. At this time,
the discharging current 12 of the second capacitor C2 origins
from the data line DATA, flows through the twenty-first
switching transistor T21, the second driving transistor DT2
and the twenty-second switching transistor T22 in sequence,
and arrives at the first electrode a2 of the second capacitor
C2.

[0133] At the end of the second data-reading period, the
voltage at the first electrode a2 of the second capacitor C2
is V2+V,,, and the absolute value of the gate-source voltage
of the second driving transistor DT2 is equal to the absolute
value of the threshold voltage of the second driving tran-
sistor DT2 at this time, such that the second driving tran-
sistor DT2 is turned off. Accordingly, the second data
voltage V2 on the data line DATA and the threshold voltage
V,,,» of the second driving transistor DT2 are stored in the
second capacitor C2.

[0134] During the second data-reading period, the first
driving sub-circuit 701 and the third driving sub-circuit 703
do not operate, and the first capacitor C1 in the first driving
sub-circuit 701 keeps the voltage across the two electrodes
thereof unchanged.

[0135] During the third data-reading period (3), the third
scanning control signal at the third scanning control terminal
SCANS3 is at a low level, the first scanning control signal at
the first scanning control terminal SCAN1 and the second
scanning control signal at the second scanning control
terminal SCAN2 are at a high level, and the light-emitting
control signal at the light-emitting control terminal EM is at
a high level.

[0136] As shown in FIG. 17, during the third data-reading
period, since the third scanning control signal at the third

May 11,2017

scanning control terminal SCAN3 is at a low level, the
thirty-first switching transistor T31 is turned on such that the
data voltage V3 on the data line DATA is applied to the
second electrode of the third driving transistor DT3; and the
thirty-second switching transistor T32 is turned on such that
the gate and the first electrode of the third driving transistor
DT3 are connected. At this time, the discharging current i3
of the third capacitor C3 origins from the data line DATA,
flows through the thirty-first switching transistor T31, the
third driving transistor DT3 and the thirty-second switching
transistor T32 in sequence, and arrives at the first electrode
a3 of the third capacitor C3.

[0137] At the end of the third data-reading period, the
voltage at the first electrode a3 of the third capacitor C3 is
V3+V,,, and the absolute value of the gate-source voltage of
the third driving transistor DT3 is equal to the absolute value
of the threshold voltage of the third driving transistor DT3
at this time, such that the third driving transistor DT3 is
turned off. Accordingly, the third data voltage V3 on the data
line DATA and the threshold voltage V ;5 of the third driving
transistor DT3 are stored in the third capacitor C3.

[0138] During the third data-reading period, the first driv-
ing sub-circuit 701 and the second driving sub-circuit 702 do
not operate, and each of the first capacitor C1 in the first
driving sub-circuit 701 and the second capacitor C2 in the
second driving sub-circuit 702 keeps the voltage across the
two electrodes thereof unchanged.

[0139] During the light-emitting period (4), the first scan-
ning control signal at the first scanning control terminal
SCANI, the second scanning control signal at the second
scanning control terminal SCAN2 and the third scanning
control signal at the third scanning control terminal SCAN3
are at a high level, and the light-emitting control signal at the
light-emitting control terminal EM is at a low level.
[0140] As shown in FIG. 18, during the light-emitting
period, since the light-emitting control signal at the light-
emitting control terminal EM is at a low level, the third
switching transistor T3 is turned on such that the first level
Vdd at the first level supply terminal VDD is applied to the
first electrode of the first driving transistor DT1, and the
fourth switching transistor T4 1s turned on; similarly, the
twenty-third switching transistor T23 is turned on such that
the first level Vdd at the first level supply terminal VDD is
applied to the first electrode of the second driving transistor
DT2, and the twenty-fourth switching transistor T24 is
turned on; similarly, the thirty-third switching transistor T33
is turned on such that the first level Vdd at the first level
supply terminal VDD is applied to the first electrode of the
third driving transistor DT3, and the thirty-fourth switching
transistor T34 is turned on.

[0141] At this time, the voltage at the gate of the first
driving transistor DT1 is V5,=V1+V,, due to the voltage
holding effect of the first capacitor C1; the voltage at the gate
of the second driving transistor DT2 is V5,=V2+V,,, due to
the voltage holding effect of the second capacitor C2; and
the voltage at the gate of the third driving transistor DT3 is
V3=V3+V,,; due to the voltage holding effect of the third
capacitor C3.V,,, is a threshold voltage of the first driving
transistor DT1, V,,, is a threshold voltage of the second
driving transistor DT2, and V ,; is a threshold voltage of the
third driving transistor DT3.

[0142] At this time, the light-emitting driving current of
the first color thin film layer origins from the first level
supply terminal VDD, flows through the third switching
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transistor T3, the first driving transistor DT1 and the fourth
switching transistor T4, and arrives at the anode electrode of
the first color thin film layer. Specifically, the light-emitting
driving current of the first color thin film layer flows from
the first electrode of the first driving transistor DT1 to the
second electrode of the first driving transistor DT1. During
this period, the first color thin film layer is driven to emit
light by the data voltage V1 and the threshold voltage V,,,
of the first driving transistor DT1 stored in the first capacitor
C1, such that effect of drift of the threshold voltage of the
first driving transistor DT1 on the luminance of the first
color thin film layer is compensated.

[0143] Similarly, the light-emitting driving current of the
second color thin film layer origins from the first level
supply terminal VDD, flows through the twenty-third
switching transistor T23, the second driving transistor DT2
and the twenty-fourth switching transistor T24, and arrives
at the anode electrode of the second color thin film layer; the
light-emitting driving current of the third color thin film
layer origins from the first level supply terminal VDD, flows
through the thirty-third switching transistor T33, the third
driving transistor DT3 and the thirty-fourth switching tran-
sistor T34, and arrives at the anode electrode of the third
color thin film layer.

[0144] The current flowing into the anode electrode of the
first color thin film layer can be represented as:

Tovept = K(Vast = Vit
= K((V1+ Vg = Viag) = Vi

=K(V1 -V

[0145] The current flowing into the anode electrode of the
second color thin film layer can be represented as:

Tovepe = K(Vas2 = Vi)
= K((V2+ Vo = Var) = Vi

= K(V2-Vy)

[0146] The current flowing into the anode electrode of the
third color thin film layer can be represented as:

Ioveps = K(Vess = Vaa)
= K((V3+ Vg — Vo) - Viga)?

= K(V3-Vg)'

[0147] It can be seen that the current flowing into the
anode electrode of the first color thin film layer is irrelevant
to the threshold voltage V,,,, of the first driving transistor
DT1, the current flowing into the anode electrode of the
second color thin film layer is irrelevant to the threshold
voltage V,;, of the second driving transistor DT2, and the
current flowing into the anode electrode of the third color
thin film layer is irrelevant to the threshold voltage V5 of
the third driving transistor DT3. In other words, not only the
full-color display of the full-color OLED pixel can be
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achieved but also disadvantageous effect due to drift of the
threshold voltage of the driving transistor can be removed by
the driving circuit for the full-color OLED pixel according
to the embodiments of the present disclosure.

[0148] FIG. 19 illustrates a signal sequence diagram of the
driving circuit of the full-color OLED pixel according to the
second embodiment of the present disclosure.

[0149] During a resetting period (1), the first scanning
control signal at the first scanning control terminal SCANT,
the second scanning control signal at the second scanning
control terminal SCAN2 and the third scanning control
signal at the third scanning control terminal SCAN3 are at
a high level, the light-emitting control signal at the light-
emitting control terminal EM is at a high level, and the
resetting control signal at the resetting control terminal RST
is at a low level.

[0150] As shown in FIG. 20, during the resetting period,
the fifth switching transistor T5, the twenty-fifth switching
transistor T25 and the thirty-fifth switching transistor T35
are turned on so as to charge the first capacitor C1, the
second capacitor C2 and the third capacitor C3 respectively,
such that the voltage across the two electrodes of each of the
first capacitor C1, the second capacitor C2 and the third
capacitor C3 is equal to difference between the voltage of the
first level supply terminal VDD and the voltage of the
second level supply terminal VSS.

[0151] During a first data-reading period (2), the first
scanning control signal at the first scanning control terminal
SCANT1 is at a low level, the second scanning control signal
at the second scanning control terminal SCAN2 and the third
scanning control signal at the third scanning control terminal
SCANS3 are at a high level, the light-emitting control signal
at the light-emitting control terminal EM is at a high level,
and the resetting control signal at the resetting control
terminal RST is at a high level.

[0152] During a second data-reading period (3), the sec-
ond scanning control signal at the second scanning control
terminal SCAN2 is at a low level, the first scanning control
signal at the first scanning control terminal SCAN1 and the
third scanning control signal at the third scanning control
terminal SCAN3 are at a high level, the light-emitting
control signal at the light-emitting control terminal EM is at
a high level, and the resetting control signal at the resetting
control terminal RST is at a high level.

[0153] During a third data-reading period (4), the third
scanning control signal at the third scanning control terminal
SCAN3 is at a low level, the first scanning control signal at
the first scanning control terminal SCAN1 and the second
scanning control signal at the second scanning control
terminal SCAN2 are at a high level, the light-emitting
control signal at the light-emitting control terminal EM is at
a high level, and the resetting control signal at the resetting
control terminal RST is at a high level.

[0154] During a light-emitting period (5), the first scan-
ning control signal at the first scanning control terminal
SCANI, the second scanning control signal at the second
scanning control terminal SCAN2 and the third scanning
control signal at the third scanning control terminal SCAN3
are at a high level, the light-emitting control signal at the
light-emitting control terminal EM is at a low level, and the
resetting control signal at the resetting control terminal RST
is at a high level.

[0155] Operations of the driving circuit for the full-color
OLED pixel according to the second embodiment of the
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present disclosure in the first data-reading period, the second
data-reading period, the third data-reading period and light-
emitting period are same as those of the driving circuit for
the full-color OLED pixel according to the first embodiment
of the present disclosure in the first data-reading period, the
second data-reading period, the third data-reading period
and light-emitting period, and detailed description is no
repeated herein.
[0156] According to the embodiments of the present dis-
closure, there is further provided a substrate array compris-
ing an array of full-color OLED pixels, each of the full-color
OLED pixels comprises the pixel structure of the full-color
OLED pixel and the driving circuit for the full-color OLED
pixel according to the embodiments of the present disclo-
sure.
[0157] According to the embodiments of the present dis-
closure, there is further provided a full-color AMOLED
display comprising an array of pixels each of which being
constituted by the pixel structure of the full-color OLED
pixel and the driving circuit for the full-color OLED pixel
according to the embodiments of the present disclosure.
[0158] According to the embodiments of the present dis-
closure, in a stacked AMOLED pixel structure, at least two
color thin film layers are stacked and share a common
cathode electrode, such that any mixture of three primary
display colors can be displayed by every pixel, thus achiev-
ing extreme full-color display on the pixel level and improv-
ing display effect of the AMOLED display.
[0159] In addition, as compared to the AMOLED pixel
structure in the art, data transmission for three color thin film
layers can be implemented by one data line and data reading
can be implemented in sequence for the three color thin film
layers according to three scanning control signals. Taking a
row of N pixels as an example, the AMOLED display in the
art requires one scanning control line and 3N data lines,
whereas the full-color AMOLED display according to the
embodiments of the present disclosure only requires N data
lines and 3 scanning control lines. Therefore, with the
driving circuit for the full-color AMOLED display accord-
ing to the embodiments of the present disclosure, area of the
driving circuit can be reduced significantly due to reduced
number of the data lines, and thereby pitches among the
full-color OLED pixels can be reduced, which is beneficial
for resolution improvement of the full-color OLED display.
[0160] Various embodiments of the present disclosure
have been described in detail. However, those skilled in the
art should understand that various variations and improve-
ments can be made without departing from the spirit and
scope of the embodiments of the present disclosure, which
should be considered as falling within the protection scope
of the embodiments of the present disclosure.
[0161] This application claims priority to a Chinese Patent
Application No. 201510243720.5, filed on May 13, 2015 in
the China’s State Intellectual Property Office, the disclosure
of which is incorporated by reference herein as a whole.
1: A driving circuit for a full-color OLED pixel compris-
ing at least two color thin film layers stacked and insulating
layers arranged between any two adjacent thin film layers,
comprising:
at least two driving sub-circuits which share a data line
and a light-emitting control terminal, each of the driv-
ing sub-circuits connected to a scanning control termi-
nal corresponding thereto and configured to drive the
color thin film layer corresponding thereto,
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wherein the at least two driving sub-circuits read data
signals on the data line in sequence under the control of
the respective scanning control terminals, and drive the
respective color thin film layers to emit light concur-
rently under the control of the light-emitting control
terminal.

2: The driving circuit of claim 1, wherein

the at least two color thin film layers comprise a first color
thin film layer, a second color thin film layer and a third
color thin film layer, and

the at least two driving sub-circuits comprise:

a first driving sub-circuit connected to a first scanning
control terminal, the data line and the light-emitting
control terminal and configured to drive the first color
thin film layer;

a second driving sub-circuit connected to a second scan-
ning control terminal, the data line and the light-
emitting control terminal and configured to drive the
second color thin film layer; and

a third driving sub-circuit connected to a third scanning
control terminal, the data line and the light-emitting
control terminal and configured to drive the third color
thin film layer,

wherein the first driving sub-circuit, the second driving
sub-circuit and the third driving sub-circuit read the
data signals on the data line in sequence under the
control of the first scanning control terminal, the sec-
ond scanning control terminal and the third scanning
control terminal; and

the first driving sub-circuit, the second driving sub-circuit
and the third driving sub-circuit drive the first color thin
film layer, the second color thin film layer and the third
color thin film layer respectively to emit light concur-
rently under the control of the light-emitting control
terminal.

3: The driving circuit of claim 1, wherein each of the

driving sub-circuits comprises:

a data-reading module for reading and storing a data
signal on the data line, and

a light-emitting driving module for driving a color thin
film layer corresponding thereto to emit light.

4: The driving circuit of claim 3, wherein the data-reading
module is further configured to store a threshold voltage of
a driving transistor in the light-emitting driving module, and
the data-reading module comprises:

a first switching transistor having a gate connected to the
first scanning control terminal, a first electrode con-
nected to the data line and a second electrode connected
to a second electrode of the driving transistor;

a second switching transistor having a gate connected to
the first scanning control terminal and a second elec-
trode connected to a first electrode of the driving
transistor; and

a capacitor having a first electrode connected to a first
electrode of the second switching transistor and a
second electrode connected to a first level supply
terminal.

5: The driving circuit of claim 4, wherein the light-

emitting driving module comprises:

a third switching transistor having a gate connected to the
light-emitting control terminal, a first electrode con-
nected to the first level supply terminal, and a second
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electrode connected to the first electrode of the driving
transistor and the second electrode of the second
switching transistor;

a fourth switching transistor having a gate connected to
the light-emitting control terminal, a first electrode
connected to the second electrode of the driving tran-
sistor, and a second electrode connected to a first
electrode of the color thin film layer corresponding
thereto; and

the driving transistor having a gate connected to the first
electrode of the capacitor.

6: The driving circuit of claim 3, wherein the at least two
driving sub-circuits further share a resetting control termi-
nal, and each of the driving sub-circuits further comprises:

a resetting module for resetting the data-reading module
in the driving sub-circuit to its initial state under the
control of the resetting control terminal.

7. The driving circuit of claim 6, wherein the resetting

module comprises:

a fifth switching transistor having a gate connected to the
resetting control terminal, a first electrode connected to
the first electrode of the capacitor and the gate of the
driving transistor, and a second electrode connected to
a second level supply terminal.

8: The driving circuit of claim 7, wherein

the first level supply terminal is a high level supply
terminal, the second level supply terminal is a low level
supply terminal; and

for each of the color thin film layers, the first electrode is
an anode, and the second electrode is a cathode and is
connected to the second level supply terminal.

9: A driving method of a driving circuit of a full-color
OLED pixel comprising at least two color thin film layers
stacked and insulating layers arranged between any two
adjacent thin film layers, the driving circuit comprising at
least two driving sub-circuits which share a data line and a
light-emitting control terminal and each of which is con-
nected to a scanning control terminal corresponding thereto
and is configured to drive the color thin film layer corre-
sponding thereto, the driving method comprising:

during a data-reading period, the at least two driving
sub-circuits reading data signals on the data line in
sequence under the control of the respective scanning
control terminals; and

during a light-emitting period, the at least two driving
sub-circuits driving the respective color thin film layers
respectively to emit light concurrently under the control
of the light-emitting control terminal.

10: The driving method of claim 9, after the light-emitting
period or before the data-reading period, the driving method
further comprises:

during a resetting period, resetting each of the at least two
driving sub-circuit to its initial state.

11: The driving method of claim 9, wherein the at least
two color thin film layers comprise a first color thin film
layer, a second color thin film layer and a third color thin
film layer, and the at least two driving sub-circuits comprise
a first driving sub-circuit, a second driving sub-circuit and a
third driving sub-circuit, the first driving sub-circuit is
connected to a first scanning control terminal, the data line
and the light-emitting control terminal, the second driving
sub-circuit is connected to a second scanning control termi-
nal, the data line and the light-emitting control terminal, and
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the third driving sub-circuit is connected to a third scanning
control terminal, the data line and the light-emitting control
terminal,

wherein the at least two driving sub-circuits reading data

signals on the data line in sequence under the control of
the respective scanning control terminals during the
data-reading period comprises:

during a first data-reading period. the first driving sub-

circuit reading and storing a first data signal on the data
line under the control of the first scanning control
terminal;

during a second data-reading period, the second driving

sub-circuit reading and storing a second data signal on
the data line under the control of the second scanning
control terminal; and

during a third data-reading period. the third driving sub-

circuit reading and storing a third data signal on the
data line under the control of the third scanning control
terminal,

wherein the at least two driving sub-circuits driving the

respective color thin film layers respectively to emit
light concurrently under the control of the light-emit-
ting control terminal during the light-emitting period
comprises:

during the light-emitting period, the first driving sub-

circuit, the second driving sub-circuit and the third
driving sub-circuit drive the first color thin film layer,
the second color thin film layer and the third color thin
film layer respectively to emit light concurrently under
the control of the light-emitting control terminal.

12: The driving method of claim 11, wherein

during the first data-reading period, the first scanning

control terminal is at a low level, the second scanning
control terminal and the third scanning control terminal
are at a high level, and the light-emitting control
terminal is at a high level;

during the second data-reading period, the second scan-

ning control terminal is at a low level, the first scanning
control terminal and the third scanning control terminal
are at a high level, and the light-emitting control
terminal is at a high level;

during the third data-reading period, the third scanning

control terminal is at a low level, the first scanning
control terminal and the second scanning control ter-
minal are at a high level, and the light-emitting control
terminal is at a high level; and

during the light-emitting period, the first scanning control

terminal, the second scanning control terminal and the
third scanning control terminal are at a high level, and
the light-emitting control terminal is at a low level.

13: The driving method of claim 10, wherein the at least
two driving sub-circuits further share a resetting control
terminal, the resetting control terminal is at a low level
during a resetting period and is at a high level during the
data-reading period and the light-emitting period, wherein

during the resetting period, the respective scanning con-

trol terminals and the light-emitting control terminal
are at a high level.

14: The driving method of claim 9, wherein each of the
driving sub-circuits comprises a data-reading module and a
light-emitting driving module,

the data-reading module comprises: a first switching

transistor having a gate connected to the first scanning
control terminal, a first electrode connected to the data
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line and a second electrode connected to a second
electrode of a driving transistor in the light-emitting
driving module; a second switching transistor having a
gate connected to the first scanning control terminal
and a second electrode connected to a first electrode of
the driving transistor; and a capacitor having a first
electrode connected to a first electrode of the second
switching transistor and a second electrode connected
to a first level supply terminal;

the light-emitting driving module comprises: a third

switching transistor having a gate connected to the
light-emitting control terminal, a first electrode con-
nected to the first level supply terminal, and a second
electrode connected to the first electrode of the driving
transistor and the second electrode of the second
switching transistor; a fourth switching transistor hav-
ing a gate connected to the light-emitting control ter-
minal, a first electrode connected to the second elec-
trode of the driving transistor, and a second electrode
connected to a first electrode of the color thin film layer
corresponding thereto; and the driving transistor having
a gate connected to the first electrode of the capacitor.

15: The driving method of claim 14, wherein the driving
sub-circuits share a resetting control terminal, and each of
the driving sub-circuits further comprises a resetting module
for resetting the data-reading module to its initial state,

the resetting module comprises a fifth switching transistor

having a gate connected to the resetting control termi-
nal, a first electrode connected to the first electrode of
the capacitor and the gate of the driving transistor, and
a second electrode connected to a second level supply
terminal.

16: The driving method of claim 14, wherein the at least
two color thin film layers comprise a first color thin film
layer, a second color thin film layer and a third color thin
film layer, and the at least two driving sub-circuits comprise
a first driving sub-circuit, a second driving sub-circuit and a
third driving sub-circuit, the first driving sub-circuit is
connected to a first scanning control terminal, the data line
and the light-emitting control terminal, the second driving
sub-circuit is connected to a second scanning control termi-
nal, the data line and the light-emitting control terminal, and
a third driving sub-circuit is connected to a third scanning
control terminal, the data line and the light-emitting control
terminal,

wherein the at least two driving sub-circuits reading data

signals on the data line in sequence under the control of
the respective scanning control terminals during the
data-reading period comprises:

during a first data-reading period, the first scanning con-

trol terminal is at a low level, the second scanning
control terminal and the third scanning control terminal
are at a high level, and the light-emitting control
terminal is at a high level, a data signal on the data line
is a first data signal, the first switching transistor and
the second switching transistor in the first driving
sub-circuit are turned on, the driving transistor in the
first driving sub-circuit is turned on such that the
capacitor stores the first data signal and the threshold
voltage of the driving transistor;

during the second data-reading period, the second scan-

ning control terminal is at a low level, the first scanning
control terminal and the third scanning control terminal
are at a high level, and the light-emitting control
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terminal is at a high level, a data signal on the data line
is a second data signal, such that the capacitor in the
second driving sub-circuit stores the second data signal
and the threshold voltage of the driving transistor in the
second driving sub-circuit, the capacitor in the first
driving sub-circuit keeps the voltage across its two
electrodes unchanged;

during the third data-reading period, the third scanning
control terminal is at a low level, the first scanning
control terminal and the second scanning control ter-
minal are at a high level, and the light-emitting control
terminal is at a high level, a data signal on the data line
is a third data signal, such that the capacitor in the third
driving sub-circuit stores the third data signal and the
threshold voltage of the driving transistor in the third
driving sub-circuit, the capacitor in the first driving
sub-circuit keeps the voltage across its two electrodes
unchanged and the capacitor in the second driving
sub-circuit keeps the voltage across its two electrodes
unchanged;

wherein the at least two sub-circuits driving the respective
color thin film layers to emit light concurrently under
the control of the light-emitting control terminal during
the light-emitting period comprises:

during the light-emitting period, the first scanning control
terminal, the second scanning control terminal and the
third scanning control terminal are at a high level, and
the light-emitting control terminal is at a low level, the
driving transistor in the first driving sub-circuit is
turned on and drives the first color thin film layer to
emit light, the driving transistor in the second driving
sub-circuit is turned on and drives the second color thin
film layer to emit light, and the driving transistor in the
third driving sub-circuit is turned on and drives the
third color thin film layer to emit light.

17: The driving method of claim 15, wherein

during the resetting period, the respective scanning con-
trol terminals and the light-emitting control terminal
are at a high level, the resetting control terminal is at a
low level, the fifth switching transistor in the resetting
module of each of the driving sub-circuits is turned on,
such that a voltage of the first electrode of the capacitor
in each of the driving sub-circuits is reset to a voltage
at the second level supply terminal.

18: The driving method of claim 16, wherein

for each of the driving sub-circuits, during the data-
reading period corresponding thereto, a first current
origins from the data line, flows through the first
switching transistor, the driving transistor and the sec-
ond switching transistor in sequence, and arrives at the
first electrode of the capacitor in the driving sub-circuit;
and during the light-emitting period, a second current
origins from the first level supply terminal, flows
through the third switching transistor, the driving tran-
sistor and the fourth switching transistor in sequence,
and arrives at the first electrode of the color thin film
layer corresponding to the driving sub-circuit.

19: The driving method of claim 18, wherein

for each of the driving sub-circuits, during the data-
reading period corresponding thereto, the first current
flows from the second electrode of the driving transis-
tor to the first electrode of the driving transistor, during
the light-emitting period, the second current flows from
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the first electrode of the driving transistor to the second
electrode of the driving transistor; and

for each of the driving sub-circuits, during the light-

emitting period, the color thin film layer corresponding
thereto is driven to emit light by the data voltage
corresponding thereto and the threshold voltage of the
driving transistor corresponding thereto stored by the
capacitor in the driving sub-circuit, so as to compensate
for effect of drift of the threshold voltage of the driving
transistor on luminance of the color thin film layer.

20-21. (canceled)

22: A full-color OLED display comprising an array of
full-color OLED pixels, wherein each of the full-color
OLED pixels comprises the driving circuit of the full-color
OLED pixel of claim 1.
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