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1
ORGANIC LIGHT-EMITTING DIODE PIXEL
CIRCUIT, DRIVING METHOD THEREOF,
AND DISPLAY DEVICE

This is a National Phase Application filed under 35 U.S.C.
371 as a national stage of PCT/CN2013/089518, filed Dec.
16, 2013, and claims priority benefit from Chinese Applica-
tion No. 201310329850.1, filed Jul. 31, 2013, the content of
each of which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to the field of touch display
technology, and particularly, to an organic light-emitting
diode (OLED) pixel circuit, a driving method thereof, and a
display device.

DESCRIPTION OF THE RELATED ART

Touch screen, as one of the simplest, most convenient, and
most natural human-machine interactive devices, has been
widely applied in various electronic products, such as mobile
phones, notebook computers, digital cameras and the like.
Touch screens, according to the installation techniques, may
be classified into two types, namely, external touch screens
and in-cell touch screens. An external touch screen is formed
by, on a display panel, arranging a touch device, which gen-
erally includes a touchpad disposed on the display panel and
a protection layer (e.g. diamond glass) and the touch screen
operates based on the changes in light or pressure sensed by
the touchpad.

In an in-cell touch screen, the function of a touchpad to
sense signals is embedded in a pixel circuit, and with a control
circuit provided, the display screen is capable of sensing
touch signals.

The inventors found that at least the following problems
exist in the prior art: for an in-cell touch screen, as the func-
tion of the touchpad to sense signals is embedded in the pixel
circuit, its control circuit and manufacturing process are rela-
tively complicated, which is unfavorable for improving pro-
duction yield and production efficiency. In addition, for the
in-cell touch screen, its pixel aperture ratio may be decreased,
which further results in degraded display quality of display
screen.

SUMMARY OF THE INVENTION

The present invention provides an OLED pixel circuit
whose control circuit and manufacturing process are rela-
tively simple, a driving method thereof and a display device,
aiming to the problems in the prior art that the control circuit
and manufacturing process of an in-cell touch screen are
relatively complicated, which is unfavorable for improving
production yield and production efficiency.

A technical solution used to solve the technical problem of
the present invention is an OLED pixel circuit, comprising:

a data writing unit, a driving unit, an OLED, a first control
unit, a second control unit and a touch detecting unit; wherein,

the first control unit, in a touch detecting stage and an
OLED light-emitting stage, is used for importing a power
supply voltage signal into the data writing unit under the
control of a scanning line, and, in the OLED light-emitting
stage, is used for turning on the OLED and the driving unit;

the data writing unit, in the touch detecting stage and the
OLED light-emitting stage, is used for importing the power
supply voltage signal under the control of a first light-emitting
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control line, and importing a data line signal under the control
of the scanning line and a second light-emitting control line,
and meanwhile is used for supplying voltage to the driving
unit;

the touch detecting unit, in the touch detecting stage, is
used for sensing touch under the control ofa touch signal level
control line, and generating a detecting signal;

the driving unit, in the touch detecting stage, is used for
converting the detecting signal into a touch output signal,
which is output to a driving IC via the touch detecting unit,
under the control of the touch signal level control line, and, in
the OLED light-emitting stage, is used for providing driving
current for the OLED; and

the second control unit, in the OLED light-emitting stage,
is used for connecting the driving unit to a ground level under
the control of a third light-emitting control line.

Preferably, an anode of the OLED is connected to a power
supply.

Preferably, the data writing unit comprises a first thin film
transistor (TFT), a third TFT, a fifth TFT, a storage capacitor
and a first capacitor; wherein,

a gateofthe first TFT is connected to the first light-emitting
control line, and a drain of the first TFT is connected to a
second terminal of the storage capacitor;

a gate of the third TFT is connected to the scanning line, a
source of the third TFT is connected to a data line, and a drain
of the third TFT is connected to a first terminal of the storage
capacitor;

a gate of the fifth TFT is connected to the second light-
emitting control line, a source of the fifth TFT is connected to
the drain of the third TFT, and a drain of the fifth TFT is
connected to the driving unit;

a first terminal of the first capacitor is connected to the first
terminal of the storage capacitor, and a second terminal of the
first capacitor is grounded.

Preferably, the first control unit comprises a second TFT, a
gate of the second TFT is connected to the scanning line, a
source of the second TFT is connected to a cathode of the
OLED, and adrain of the second TFT is connected to a source
of the first TFT in the data writing unit.

Preferably, the driving unit comprises a fourth TFT, and a
gate of the fourth TFT is connected to the second terminal of
the storage capacitor and the drain of the first TFT in the data
writing unit, and a source of the fourth TFT is connected to the
drain of the second TFT.

Preferably, the second control unit comprises a sixth TFT,
a drain of the sixth TFT is grounded, a gate of the sixth TFT
is connected to the third light-emitting control line, and a
source of the sixth TFT is connected to the drain of the fifth
TFT in the data writing unit.

Preferably, the touch detecting unit comprises a photo-
diode, a seventh TFT, an eighth TFT and a ninth TFT,
wherein,

acathode of the photodiode is connected to both the gate of
the fourth TFT and the second terminal of the storage capaci-
tor in the data writing unit, and an anode of the photodiode is
connected to a source of the seventh TFT;

a drain of the seventh TFT is grounded, and a gate of the
seventh TFT is connected to the touch signal level control
line;

a source of the eighth TFT is connected to the drain of the
fourth TFT, a drain of the eighth TFT is connected to a sensor
line, and a gate of the eighth TFT is connected to the touch
signal level control line; and

a source of the ninth TFT is connected to a power supply
line, adrain of the ninth TFT is connected to the source ofthe
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first TFT in the data writing unit, and a gate of the ninth TFT
is connected to the touch signal level control line.

Preferably, the first TFT and the second TFT are P-type
TFTs, the third TFT, the fourth TFT, the fifth TFT, the sixth
TFT, the seventh TFT, the eighth TFT and the ninth TFT are
N-type TFTs; or

the first TFT, the second TFT and the fourth TF T are N-type
TFTs, the third TFT, the fifth TFT, the sixth TFT, the seventh
TFT, the eighth TFT and the ninth TFT are P-type TFTs.

Preferably, the first to ninth TFTs are any one of polycrys-
talline silicon TFT, monocrystalline silicon TFT, oxide TFT
and organic TFT.

Preferably, the OLED is a top-emitting OLED.

The OLED pixel circuit of the present invention comprises
the photodiode, which renders the display screen capable of
directly sensing a signal generated by a touch, such that the
control circuit of the pixel and the manufacturing process are
simplified, which further improves production efficiency and
production yield, and most importantly, helps to reduce pro-
duction cost. Meanwhile, the OLED pixel circuit of the
present invention can compensate for non-uniformity of the
threshold voltage of a TFT, thus improving picture uniformity
ofthe organic light emitting display. In addition, omitting two
layers of indium tin oxide films in production process can
effectively improve light transmittance, thus improving dis-
play quality of the display screen.

The present invention also provides a display device,
which comprises the above-mentioned OLED pixel circuit.

The display device of the present invention includes the
above OLED pixel circuit, and accordingly, it is thinner in
overall thickness, lighter in weight, and lower in production
cost. By providing the above circuit in each sub-pixel, sensi-
tivity of the display screen to a touch may be significantly
improved, and furthermore, as the photodiode works by sens-
ing the change of light, floating touch can be achieved on the
display screen.

A technical solution used to solve the technical problem of
the present invention is to provide a driving method of the
above OLED pixel circuit, and the driving method comprises
a touch detecting stage and an OLED light-emitting stage,
wherein,

the touch detecting stage comprises:

the scanning line controlling the second TFT to be turned
on, and controlling the third TFT to be turned off, the first
light-emitting control line controlling the first TFT to be
turned on, the second light-emitting control line controlling
the fifth TFT to be turned off, the third light-emitting control
line controlling the sixth TFT to be turned off, the touch signal
level control line controlling the touch detecting unit to be
turned off, and power supply signal being transferred to the
second terminal of the storage capacitor;

the scanning line controlling the second TFT to be turned
off, and controlling the third TFT to be turned on, the data line
being at a high level, the touch signal level control line con-
trolling the touch detecting unit to be turned off, the first
light-emitting control line controlling the first TFT to be
turned off, the second light-emitting control line controlling
the fifth TFT to be turned off, the third light-emitting control
line controlling the sixth TFT to be turned off, and the data
line signal being transferred to the first terminal of the storage
capacitor; and

the scanning line controlling the second TFT to be turned
on, and controlling the third TFT to be turned off, the touch
signal level control line controlling the touch detecting unit to
be turned on, the first light-emitting control line controlling
the first TFT to be turned off, the second light-emitting con-
trol line controlling the fifth TFT to be turned off, the third
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light-emitting control line controlling the sixth TFT to be
turned off, the power supply signal being transferred to the
drain of the fourth TFT, and current flowing through the
fourth TFT being transferred to the driving IC, and

in the OLED light-emitting stage, the touch signal level
control line controls the touch detecting unit to be turned off,
and the OLED light-emitting stage comprises:

the scanning line controlling the second TFT to be turned
on, and controlling the third TFT to be turned off, the first
light-emitting control line controlling the first TFT to be
turned on, the second light-emitting control line controlling
the fifth TFT to be turned off, the third light-emitting control
line controlling the sixth TFT to be turned off, and the fourth
TFT going into saturation state;

the scanning line controlling the second TFT to be turned
off, and controlling the third TFT to be turned on, the first
light-emitting control line controlling the first TFT to be
turned on, the second light-emitting control line controlling
the fifth TFT to be turned on, the third light-emitting control
line controlling the sixth TFT to be turned off, and the data
line signal being transferred to the first terminal of the storage
capacitor; and

the scanning line controlling the second TFT to be turned
on, and controlling the third TFT to be turned off, the first
light-emitting control line controlling the first TFT to be
turned off, the second light-emitting control line controlling
the fifth TFT to be turned off, the third light-emitting control
line controlling the sixth TFT to be turned on, and the fourth
TFT driving the OLED to emit light.

The driving method of the OLED pixel circuit of the
present invention has less control signals, simple timing, and
an easy-to-implement circuit, and is convenient and practical.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 3 are schematic diagrams of OLED pixel
circuits of Embodiment 1 of the present invention;

FIGS. 2 and 4 are timing diagrams for driving the OLED
pixel circuits of Embodiment 1 of the present invention;

FIG. 5 is an equivalent circuit diagram of an OLED pixel
circuit of Embodiment 1 of the present invention in an initial-
ization phase of a touch detecting stage;

FIG. 6 is an equivalent circuit diagram of the OLED pixel
circuit of Embodiment 1 of the present invention in a data line
signal writing phase of the touch detecting stage;

FIG. 7 is an equivalent circuit diagram of the OLED pixel
circuit of Embodiment 1 of the present invention in a touch-
generating signal detecting phase of the touch detecting
stage;

FIG. 8 is an equivalent circuit diagram of an OLED pixel
circuit of Embodiment 1 of the present invention in an initial-
ization phase of an OLED light-emitting stage;

FIG. 9 is an equivalent circuit diagram of an OLED pixel
circuit of Embodiment 1 of the present invention in a data line
signal writing phase of the OLED light-emitting stage; and

FIG. 10 is an equivalent circuit diagram of an OLED pixel
circuit of Embodiment 1 of the present invention in the OLED
light-emitting phase of the OLED light-emitting stage.

Reference numerals are: T1: first TEFT; T2: second TFT; T3:
third TFT; T4: fourth TFT; T5: fifth TFT; T6: sixth TFT; T7:
seventh TFT; T8: eighth TFT; T9: ninth TFT; PD: photodiode;
OLED: OLED; DD: power supply line; EM1: a first light-
emitting control line; EM2: a second light-emitting control
line; EM3: a third light-emitting control line; scan: scanning
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line; data: data line; select: touch signal level control line; Cst:
storage capacitor; C1: first capacitor; sensor line: sensor line.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

To provide a better understanding of the technical solutions
of the present invention for the person skilled in the art, the
present invention will be further described in detail in con-
Junction with the accompanying drawings and specific imple-
mentations.

Embodiment 1

This embodiment provides an OLED pixel circuit, which
comptrises:

a data writing unit, a driving unit, an OLED, a first control
unit, a second control unitand a touch detecting unit; wherein,

the first control unit, in a touch detecting stage and an
OLED light-emitting stage, is used for importing a power
supply voltage signal into the data writing unit under the
control of a scanning line, and, in the OLED light-emitting
stage, is used for turning on the OLED and the driving unit;

the data writing unit, in the touch detecting stage and the
OLED light-emitting stage, is used for importing the power
supply voltage signal under the control of a first light-emitting
control line, and importing a data line signal under the control
of the scanning line and a second light-emitting control line,
and meanwhile is used for supplying voltage to the driving
unit;

the touch detecting unit, in the touch detecting stage, is
used for sensing touch under the control of a touch signal level
control line, and generating a detecting signal;

the driving unit, in the touch detecting stage, is used for
converting the detecting signal into a touch output signal,
which is output to a driving IC via the touch detecting unit,
under the control of the touch signal level control line, and, in
the OLED light-emitting stage, is used for providing driving
current for the OLED; and

the second control unit, in the OLED light-emitting stage,
is used for connecting the driving unit to a ground level under
the control of a third light-emitting control line.

In this embodiment, as shown in FIG. 1, preferably, the
data writing unit comprises a first TFT T1, a third TFT T3, a
fifth TFT T5, a storage capacitor Cst and a first capacitor C1;
the driving unit comprises a fourth TFT T4; the first control
unit comprises a second TFT T2; the second control unit
comprises a sixth TFT T6; the touch detecting unit comprises
aphotodiode PD, a seventh TET T7, an eighth TFT T8 and a
ninth TFT T9.

Specifically, an anode of the OLED OLED is connected to
the power supply line DD. Further preferably, the OLED
OLED is a top-emitting OLED.

For the storage capacitor Cst, its first terminal is connected
to a first terminal of the first capacitor C1 whose second
terminal is grounded.

For the first TFT T1, its gate is connected to the first
light-emitting control line EM1, and its drain is connected to
a second terminal of the storage capacitor Cst.

For the second TFT T2, its gate is connected to the scan-
ning line, its source is connected to a cathode of the OLED
OLED, and its drain is connected to a source of the first TFT
T1.

For the third TFT T3, its gate is connected to the scanning
line, its source is connected to the data line, and its drain is
connected to both the first terminal of the storage capacitor
Cst and the first terminal of the first capacitor C1.
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6

For the fourth TFT T4, its gate is connected to both the
second terminal of the storage capacitor Cst and the drain of
the first TFT T1, and its source is connected to the drain of the
second TFT T2.

For the fifth TFT TS5, its gate is connected to the second
light-emitting control line EM2, its source is connected to the
drain of the third TFT T3, and its drain is connected to a drain
of the fourth TFT T4.

For the sixth TFT T, its drain is grounded, its gate is
connected to the third light-emitting control line EM3, and its
source is connected to both the drain of the fifth TFT T5 and
the drain of the fourth TFT T4.

For the photodiode PD; its cathode is connected to both the
gate of the fourth TFT T4 and the second terminal of the
storage capacitor Cst, and its anode is connected to a source of
the seventh TFT T7.

For the seventh TFT T7, its drain is grounded, and its gate
1s connected to the touch signal level control line.

For the eighth TFT T8, its source is connected to the drain
of the fourth TFT T4, its drain is connected to the sensor line,
and its gate is connected to the touch signal level control line.

For the ninth TFT T9, its source is connected to the power
supply line DD, its drain is connected to the source of the first
TFT T1, and its gate is connected to the touch signal level
control line.

In this embodiment, the first TFT T1 and the second TFT
T2 are preferably P-type TFTs, and the third TFT T3, the
fourth TFT T4, the fifth TFT T5, the sixth TFT T6, the seventh
TFT T7, the eighth TFT T8 and the ninth TFT T9 are prefer-
ably N-type TFTs.

It should be noted that, in this embodiment, the first TFT,
the second TFT and the fourth TFT may be N-type TFTs,
while the third TFT, the fifth TFT, the sixth TFT, the seventh
TFT, the eighth TFT and the ninth TFT may be P-type TFTs.
In this condition, the circuit diagram of the pixel circuit is
shown in FIG. 3, and accordingly, its timing diagram is shown
in FIG. 4.

Obviously, by accordingly changing the control level and
the type of a TFT, the on/off function of the TFT may be
achieved. For example, the fifth TFT is turned on under the
control of a high level when it is an N-type TFT; alternatively,
the fifth TFT may be a P-type TFT which is turned on under
the control of a low level. According to this concept, the types
ofthe respective TFTs, which are controlled by the same level
control signal, in a certain unit of this embodiment may be
changed, as long as this unit can achieve its original function
without influencing the original functions of the other
devices, and in this condition the object of the present inven-
tion may also be achieved.

Preferably, each TFT is any one of polycrystalline silicon
TFT, monocrystalline silicon TFT, oxide TFT and organic
TFT.

The OLED pixel circuit of this embodiment comprises the
photodiode, which renders the display screen capable of
directly sensing a signal generated by a touch, such that the
control circuit of the pixel and the manufacturing process are
simplified, which further improves production efficiency and
production yield, and most importantly, helps to reduce pro-
duction cost. Meanwhile, the OLED pixel circuit of the
present invention can compensate for non-uniformity of the
threshold voltage of a TF'T, thus improving picture uniformity
of an organic light emitting display. In addition, using a
top-emitting OLED may help to improve aperture ratio of
pixel and omitting two layers of indium tin oxide films in
production process may effectively improve light transmit-
tance, thus improving display quality of the display screen.
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In conjunction with FIG. 1, a driving method of the OLED
pixel circuit comprises a touch detecting stage and an OLED
light-emitting stage, as shown in FIG. 2, and its working
process is as below.

Stage 1: Touch Detecting Stage, which Specifically Com-
prises the Phases 101 to 104.

Phase 101 is an initialization phase, and its corresponding
equivalent circuit diagram is illustrated in FIG. 5. In this
phase, the scanning line is at a low level, which controls the
second TFT T2 to be turned on, and controls the third TFT T3
to be turned off; the first light-emitting control line EM1 is at
a low level, which controls the first TFT T1 to be turned on;
the second light-emitting control line EM2 is at a low level,
which controls the fifth TFT T5 to be turned off; the third
light-emitting control line EM3 is at a low level, which con-
trols the sixth TFT T6 to be turned off; and the touch signal
level control line controls the touch detecting unit to be turned
off.

Accordingly, the power supply signal is transferred to the
second terminal of the storage capacitor Cst via the OLED
OLED, the second TFT T2 and the first TFT T1, so as to
charge the storage capacitor Cst, and the voltage at Point B is
VDD-Vtholed, VDD is the power supply line voltage and
Vtholed is the turn-on voltage of the OLED OLED.

Phase 102 is a data line signal writing phase, and its cor-
responding equivalent circuit diagram is illustrated in FIG. 6.
In this phase, the scanning line is at a high level, which
controls the second TFT T2 to be turned off, and controls the
third TFT T3 to be turned on; the touch signal level control
line is at a low level, which controls the touch detecting unit
to be turned off; the first light-emitting control line EM1 is at
a high level, which controls the first TFT T1 to be turned off;
the second light-emitting control line EM2 is at a low level,
which controls the fifth TFT T5 to be turned off; the third
light-emitting control line EM3 is at a low level, which con-
trols the sixth TFT T6 to be turned off. At this point, Point B
is floating, the data line signal is written into point A via the
third TFT T3, and transferred to the first terminal of the
storage capacitor Cst, such that the voltage at point B is
increased to Vdata+VDD-Vtholed, and Vdata is the data line
voltage.

Phase 103 is a touch-generating signal detecting phase, and
its corresponding equivalent circuit diagram is illustrated in
FIG. 7. In this phase, the scanning line scan is at a low level,
which controls the second TFT T2 to be turned on, and con-
trols the third TFT T3 to be turned off; the touch signal level
control line is at a high level, which controls the touch detect-
ing unit to be turned on; the first light-emitting control line
EM1 is at a high level, which controls the first TFT T1 to be
turned off; the second light-emitting control line EM2 is at a
low level, which controls the fifth TFT T5 to be turned off; the
third light-emitting control line EM3 is at a low level, which
controls the sixth TET T6 to be turned off.

Accordingly, the power supply signal is written into Point
C via the ninth TFT T9, the voltage of the source of the fourth
TFT T4 which is connected to the point C is VDD, and the
voltage at point B is Vdata+ VDD-Vtholed. At this point, if the
photodiode PD is under illumination, the charges in the stor-
age capacitor Cst are greatly decreased due to the leakage
current resulting from the illuminated photodiode PD, and
consequently, the voltage at point B is greatly reduced, which
may result in reduced current flowing through the fourth TFT
T4. If the photodiode PD is under a touch (at this condition,
light is weakened or eliminated), compared to the condition
that the photodiode PD is under illumination, the photodiode
PD generates little or no leakage current (that is, a detecting
signal is detected), and accordingly, the current flowing
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through the fourth TFT T4 is slightly reduced or keeps
unchanged. The above current (that is, the touch output sig-
nal) flowing through the fourth TFT T4 may flow though the
eighth TFT T8, and then be transmitted to the driving IC (not
shown in FIG. 1) for detection and analysis via the sensor line.

Stage 2: OLED Light-Emitting Stage

During this stage, the touch signal level control line con-
trols the touch detecting unit to be turned off, and this stage
specifically comprises the phases 201 to 203.

Phase 201 is a pre-charging phase, and its corresponding
equivalent circuit diagram is illustrated in FIG. 8. In this
phase, the scanning line is at a low level, which controls the
second TFT T2 to be turned on, and controls the third TFT T3
to be turned off; the first light-emitting control line EM1 is at
alow level, which controls the first TFT T1 to be turned on;
the second light-emitting control line EM2 is at a low level,
which controls the fifth TFT T5 to be turned off; the third
light-emitting control line EM3 is at a low level, which con-
trols the sixth TFT T6 to be turned off; the fourth TFT T4 goes
into saturation state, and is essentially equivalent to a diode.

Phase 202 is a data line signal writing phase, and its cor-
responding equivalent circuit diagram is illustrated in FIG. 9.
In this stage, the scanning line is at a high level, which
controls the second TFT T2 to be turned off, and controls the
third TFT T3 to be turned on; the first light-emitting control
line EM1 1is at a low level, which controls the first TFT T1 to
be turned on; the second light-emitting control line EM2 is at
a high level, which controls the fifth TFT T5 to be turned on;
the third light-emitting control line EM3 is at a low level,
which controls the sixth TFT T6 to be turned off. At this point,
as the fourth TFT T4 is a diode that has been in saturation
state, the data line signal 1s transferred to the first terminal of
the storage capacitor Cst, and the voltage drop of the storage
capacitor Cst is the threshold voltage Vth4 of the fourth TFT
T4 whose gate is at a voltage of Vdata+Vth4, and whose drain
is connected to the first terminal of the storage capacitor Cst
and at a voltage of Vdata.

Phase 203 is an OLED light-emitting phase, and its corre-
sponding equivalent circuit diagram is illustrated in FIG. 10.
In this stage, the scanning line is at alow level, which controls
the second TFT T2 to be turned on, and controls the third TET
T3 to be turned off; the first light-emitting control line EM1 is
at a high level, which controls the first TFT T1 to be turned
off; the second light-emitting control line EM2 is at a low
level, which controls the fifth TFT T5 to be turned off; the
third light-emitting control line EM3 is at a high level, which
controls the sixth TFT T6 to be turned on. At this point, the
drain of the fourth TFT T4 is grounded, and voltage of the gate
of the fourth TFT T4 is still Vdata+Vth4, that is, the gate-to-
source voltage Vgs of the fourth TFT T4 is equal to Vdata+
Vth4. Meanwhile, the current flowing through the fourth TEFT
T4 is the same as the current flowing through the OLED
OLED, and may be represented as:

T=k(Vgs—Vitha)* =k(Vdata+ Vihd—Vih4)? =k(Vdata)’

It can be known from the above formula that this current is
independent of both the threshold voltage Vth4 of the fourth
TFT T4 and the voltage between the two terminals of the
OLED OLED, which basically eliminates the influence
caused by non-uniformity and drift of the threshold voltage
and non-uniformity of the electrical performance of the
OLED OLED. As a result, the current flowing through the
fourth TFT T4 is uniform, thereby the current flowing through
the OLED OLED is also uniform. As the OLED is a current
mode light-emitting device, the OLED has anuniform bright-
ness, thus improving brightness uniformity of picture of the
organic light-emitting display screen.



US 9,285,938 B2

9

Tt should be noted that the data line voltage Vdata in phase
202 may vary in a range, that is, any data line voltage within
the certain range may allow the fourth TFT T4 to drive the
OLED to emit light.

Tt should also be noted that during operation of the OLED
pixel circuit, as response of the pixel circuit to input signals is
made promptly, the time spent on switching between the
above stage 1 and the stage 2 is extraordinary short, that is,
detecting the touch-generating signal and then driving the
OLED to emit light so as to display desired contents are
completed in a very short period of time.

The above-described driving method of the OLED pixel
circuit has less control signals, simple timing, and an easy-
to-implement circuit, and is convenient and practical.

Embodiment 2

This embodiment provides a display device, which com-
prises the above-described OLED pixel circuit, and of course
comprises other known structures such as a substrate. The
display device may be an OLED display device or a product
or component with display function, such as a mobile phone,
a tablet computer. a television, a display, a notebook com-
puter, a digital frame or a navigator, which uses OLED dis-
play technique.

The display device of this embodiment comprises the
above-described OLED pixel circuit, and therefore, it is thin-
ner in overall thickness, lighter in weight, and lower in pro-
duction cost. By providing the above circuit in each sub-pixel,
sensitivity of the display screen to a touch may be signifi-
cantly improved, and furthermore, as the photodiode works
by sensing changes of light, floating touch can be achieved on
the display screen.

It should be understood that the above implementations are
merely exemplary implementations used for explaining the
principle of the present invention, but the present invention is
not limited thereto. For the person skilled in the art, various
variations and improvements may be made without departing
from the spirit and essence of the present invention. These
variations and improvements are also deemed as the protec-
tion scope of the present invention.

In the embodiments of the present invention, among the
above-described technical features, some technical features
may be omitted to solve only a part of the technical problems
existing in the prior art. Furthermore, the disclosed technical
features may be arbitrarily combined. The protection scope of
the present inventionis defined by the appended claims and its
equivalents, those skilled in the art may make various varia-
tions and combinations to the technical solutions disclosed in
the appended claims.

What is claimed is:

1. An organic light emitting dioxide (OLED) pixel circuit,
comprising a data writing unit, a driving unit, an OLED, a first
control unit, a second control unit and a touch detecting unit,
wherein,

the first control unit, in a touch detecting stage and an

OLED light-emitting stage, is used for importing a
power supply voltage signal into the data writing unit
under the control of a scanning line, and, in the OLED
light-emitting stage, is used for turning on the OLED
and the driving unit;

the data writing unit, in the touch detecting stage and the

OLED light-emitting stage, is used for importing the
power supply voltage signal under the control of a first
light-emitting control line, and importing a data line
signal under the control of the scanning line and a second
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light-emitting control line, and meanwhile is used for
supplying voltage to the driving unit;

the touch detecting unit, in the touch detecting stage, is
used for sensing touch under the control of a touch signal
level control line, and generating a detecting signal,

the driving unit, in the touch detecting stage, is used for
converting the detecting signal into a touch output sig-
nal, which is output to a driving integrated circuit (IC)
via the touch detecting unit, under the control of the
touch signal level control line, and in the OLED light-
emitting stage, is used for providing driving current for
the OLED; and

the second control unit, in the OLED light-emitting stage,
is used for connecting the driving unit to a ground level
under the control of a third light-emitting control line.

2. The OLED pixel circuit of claim 1, wherein an anode of
the OLED is connected to a power supply.

3. The OLED pixel circuit of claim 2, wherein the data
writing unit comprises: a first thin film transistor (TFT), a
third TFT, a fifth TFT, a storage capacitor and a first capacitor,
wherein,

a gate of the first TFT is connected to the first light-emitting

control line, and a drain of the first TFT is connected to
a second terminal of the storage capacitor;

a gate of the third TFT is connected to the scanning line, a
source of the third TFT is connected to a data line, and a
drain of the third TFT is connected to a first terminal of
the storage capacitor;

a gate of the fifth TFT is connected to the second light-
emitting control line, a source of the fifth TFT is con-
nected to the drain of the third TFT, and a drain of the
fifth TFT is connected to the driving unit; and

a first terminal of the first capacitor is connected to the first
terminal of the storage capacitor, and a second terminal
of the first capacitor is grounded.

4. The OLED pixel circuit of claim 3, wherein the first
control unit comprises a second TFT, a gate of the second TFT
is connected to the scanning line, a source of the second TFT
is connected to a cathode of the OLED, and a drain of the
second TFT is connected to a source of the first TFT in the
data writing unit.

5. The OLED pixel circuit of claim 4, wherein the driving
unit comprises a fourth TFT, and a gate of the fourth TFT is
connected to the second terminal of the storage capacitor and
the drain ofthe first TFT in the data writing unit, and a source
of the fourth TFT is connected to the drain of the second TFT.

6. The OLED pixel circuit of claim 5, wherein the second
control unit comprises a sixth TFT, a drain of the sixth TFT is
grounded, a gate of the sixth TFT is connected to the third
light-emitting control line, and a source of the sixth TFT is
connected to the drain of the fifth TFT in the data writing unit.

7. The OLED pixel circuit of claim 6, wherein the touch
detecting unit comprises a photodiode, a seventh TFT, an
eighth TFT and a ninth TFT, wherein,

acathode of the photodiode is connected to both the gate of
the fourth TFT and the second terminal of the storage
capacitor in the data writing unit, and an anode of the
photodiode is connected to a source of the seventh TFT;

a drain of the seventh TFT is grounded, and a gate of the
seventh TFT is connected to the touch signal level con-
trol line;

a source of the eighth TFT is connected to the drain of the
fourth TFT, a drain of the eighth TFT is connected to a
sensor line, and a gate of the eighth TFT is connected to
the touch signal level control line; and

a source of the ninth TFT is connected to a power supply
line, a drain of the ninth TFT is connected to the source
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of the first TFT in the data writing unit, and a gate of the
ninth TFT is connected to the touch signal level control
line.

8. The OLED pixel circuit of claim 7, wherein the first TFT
and the second TFT are P-type TFTs, the third TFT, the fourth
TFT, the fifth TFT, the sixth TFT. the seventh TFT, the eighth
TFT and the ninth TFT are N-type TFTs; or

the first TFT, the second TFT and the fourth TF T are N-type

TFETs, the third TFT, the fifth TFT, the sixth TFT, the
seventh TFT, the eighth TFT and the ninth TFT are
P-type TFTs.

9. The OLED pixel circuit of claim 7, wherein the first to
ninth TFTs are any one of polycrystalline silicon TFT,
monocrystalline silicon TFT, oxide TFT and organic TFT.

10. A driving method of the OLED pixel circuit of claim 7,
the method comprising a touch detecting stage and an OLED
light-emitting stage, wherein,

the touch detecting stage comprises:

the scanning line controlling the second TFT to be
turned on, and controlling the third TFT to be turned
off, the first light-emitting control line controlling the
first TFT to be turned on, the second light-emitting
control line controlling the fifth TFT to be turned off,
the third light-emitting control line controlling the
sixth TFT to be turned off, the touch signal level
control line controlling the touch detecting unit to be
turned off, and power supply signal being transferred
to the second terminal of the storage capacitor;

the scanning line controlling the second TFT to be
turned off, and controlling the third TFT to be turned
on, the data line being at a high level, the touch signal
level control line controlling the touch detecting unit
to be turned off, the first light-emitting control line
controlling the first TFT to be turned off, the second
light-emitting control line controlling the fifth TFT to
be turned off; the third light-emitting control line con-
trolling the sixth TFT to be turned off, and the data
line signal being transferred to the first terminal of the
storage capacitor; and

the scanning line controlling the second TFT to be
turned on, and controlling the third TFT to be turned
off, the touch signal level control line controlling the
touch detecting unit to be turned on, the first light-
emitting control line controlling the first TFT to be
turned off, the second light-emitting control line con-
trolling the fifth TFT to be turned off, the third light-
emitting control line controlling the sixth TFT to be
turned off, the power supply signal being transferred
to the drain of the fourth TFT, and current flowing
through the fourth TFT being transferred to the driv-
ing IC, and

in the OLED light-emitting stage, the touch signal level

control line controls the touch detecting unit to be turned

off, and the OLED light-emitting stage comprises:

the scanning line controlling the second TFT to be
turned on, and controlling the third TFT to be turned
off, the first light-emitting control line controlling the
first TFT to be turned on, the second light-emitting
control line controlling the fifth TFT to be turned off,
the third light-emitting control line controlling the
sixth TFT to be turned off, and the fourth TFT going
into saturation state;

the scanning line controlling the second TFT to be
turned off, and controlling the third TFT to be turned
on, the first light-emitting control line controlling the
first TFT to be turned on, the second light-emitting
control line controlling the fifth TFT to be turned on,
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the third light-emitting control line controlling the
sixth TFT to be turned off, and the data line signal
being transferred to the first terminal of the storage
capacitor; and

the scanning line controlling the second TFT to be
turned on, and controlling the third TFT to be turned
off, the first light-emitting control line controlling the
first TFT to be turned off, the second light-emitting
control line controlling the fifth TFT to be turned off,
the third light-emitting control line controlling the
sixth TFT to be turned on, and the fourth TFT driving
the OLED to emit light.

11. The OLED pixel circuit of claim 1, wherein the OLED
is a top-emitting OLED.

12. A display device, comprising an organic light emitting
dioxide (OLED) pixel circuit, comprising a data writing unit,
a driving unit, an OLED, a first control unit, a second control
unit and a touch detecting unit, wherein,

the first control unit, in a touch detecting stage and an
OLED light-emitting stage, is used for importing a
power supply voltage signal into the data writing unit
under the control of a scanning line, and, in the OLED
light-emitting stage, is used for turning on the OLED
and the driving unit;

the data writing unit, in the touch detecting stage and the
OLED light-emitting stage, is used for importing the
power supply voltage signal under the control of a first
light-emitting control line, and importing a data line
signal under the control of the scanning line and a second
light-emitting control line, and meanwhile is used for
supplying voltage to the driving unit;

the touch detecting unit, in the touch detecting stage, is
used for sensing touch under the control of a touch signal
level control line, and generating a detecting signal,

the driving unit, in the touch detecting stage, is used for
converting the detecting signal into a touch output sig-
nal, which is output to a driving integrated circuit (IC)
via the touch detecting unit, under the control of the
touch signal level control line, and in the OLED light-
emitting stage, is used for providing driving current for
the OLED; and

the second control unit, in the OLED light-emitting stage,
is used for connecting the driving unit to a ground level
under the control of a third light-emitting control line.

13. The display device of claim 12, wherein an anode of the
OLED is connected to a power supply.

14. The display device of claim 13, wherein the data writ-
ing unit comprises: a first thin film transistor (TFT), a third
TFT, a fifth TFT, a storage capacitor and a first capacitor,
wherein,

a gate of the first TFT is connected to the first light-emitting

control line, and a drain of the first TFT is connected to
a second terminal of the storage capacitor;

a gate of the third TFT is connected to the scanning line, a
source of the third TFT is connected to a data line, and a
drain of the third TFT is connected to a first terminal of
the storage capacitor;

a gate of the fifth TFT is connected to the second light-
emitting control line, a source of the fifth TFT is con-
nected to the drain of the third TFT, and a drain of the
fifth TFT is connected to the driving unit; and

a first terminal of the first capacitor is connected to the first
terminal of the storage capacitor, and a second terminal
of the first capacitor is grounded.

15. The display device of claim 14, wherein the first control

unit comprises a second TFT, a gate of the second TFT is
connected to the scanning line, a source of the second TFT is
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connected to a cathode of the OLED, and a drain of the second
TFT is connected to a source of the first TFT in the data
writing unit.

16. The display device of claim 15, wherein the driving unit
comprises a fourth TFT, and a gate of the fourth TFT is
connected to the second terminal of the storage capacitor and
the drain of the first TFT in the data writing unit, and a source
of the fourth TFT is connected to the drain of the second TFT.

17. The display device of claim 16, wherein the second
control unit comprises a sixth TFT, a drain of the sixth TFT is
grounded, a gate of the sixth TFT is connected to the third
light-emitting control line, and a source of the sixth TFT is
connected to the drain of the fifth TFT in the data writing unit.

18. The display device of claim 17, wherein the touch
detecting unit comprises a photodiode, a seventh TFT, an
eighth TFT and a ninth TFT, wherein,

acathode of the photodiode is connected to both the gate of

the fourth TFT and the second terminal of the storage
capacitor in the data writing unit, and an anode of the
photodiode is connected to a source of the seventh TFT;

a drain of the seventh TFT is grounded, and a gate of the

seventh TFT is connected to the touch signal level con-
trol line;
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a source of the eighth TFT is connected to the drain of the
fourth TFT, a drain of the eighth TFT is connected to a
sensor line, and a gate of the eighth TFT is connected to
the touch signal level control line; and

a source of the ninth TFT is connected to a power supply

line, a drain of the ninth TFT is connected to the source
of the first TFT in the data writing unit, and a gate of the
ninth TFT is connected to the touch signal level control
line.

19. The display device of claim 18, wherein the first TFT
and the second TFT are P-type TFTs, the third TFT, the fourth
TFT, the fifth TFT, the sixth TFT, the seventh TFT, the eighth
TFT and the ninth TFT are N-type TFTs; or

the first TFT, the second TFT and the fourth TFT are N-type

TFTs, the third TFT, the fifth TFT, the sixth TFT, the
seventh TFT, the eighth TFT and the ninth TFT are
P-type TFTs.

20. The display device of claim 18, wherein the first to

20 ninth TFTs are any one of polycrystalline silicon TFT,

monocrystalline silicon TFT, oxide TFT and organic TFT.
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