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(7) ABSTRACT

The present disclosure relates to an OLED pixel circuit, a
method for driving the same and a display device. The
OLED pixel circuit includes: a data writing and compensat-
ing circuit configured to make compensation to a threshold
voltage of the first driver; the first driver configured to drive
the light emitting device after the threshold voltage is
compensated, the second driver configured to drive the light
emitting device; the light emitting controller connected to
the light emitting device and a second signal terminal, and
configured to connect the first driver and the second driver
to the light emitting device; and the light emitting device
emitting light by joint driving of the first driver and the
second driver.

V1 (VDD)
-
] |
| |
| |
p— 30
|__ .
|
T | |
| |
| |
| a'[Td]l
e e 221 _
T T T M4
| LI! 4—10
| |
20
- :Sl—tﬂzM3 S1 :l___f__:__r
| (S ey H |
M2 | | Ml:l 82|
_______________ [ |
_________ e T
SCUITCHt :—%_I 50
I_]-4
V3 (VSS) V2 (VSS)



Patent Application Publication  Jun. 13,2019 Sheet 1 of 7 US 2019/0180686 A1

S1 Data
10
Data writing and
10 compensation circuit 10
R | i
V1— Second driver First driver ——V1

Yl Light emitting controller —— S2

20
| Light emitting device V‘ 50
V2
Fig. 1
V1 (VDD)
bbbttt -
‘ r
! n
‘ |
—— i
— |
40 I :___ r_30
1 | | |
|
:sz_—_ll°' : :H:le:
: : [ D L
e e A N V7

/N

(' S current II_%—_-'

V3 (VSS) V2 (VSS)
Fig 2



Patent Application Publication  Jun. 13,2019 Sheet 2 of 7 US 2019/0180686 A1

V1 (VSS)

'[le,
| | l |
| | B I
il niminied M4 |
| [ 10
T l
! 20
fmm e | S1 :__.._(:_.T

Scurrent :—¥ V-SO
[
V3 (VDD) V2 (VDD)
Fig. 3

I [ :
l<—p1—>:< P2 >}
I
I
I
I
I
Idata —— |
| | f
S1 | 1 |
[ ' }
[ | |
| ' |

| |
i | !
? I

| |

i I {
! I |
S2 1 : :
tl 4 M l



Patent Application Publication  Jun. 13,2019 Sheet 3 of 7 US 2019/0180686 A1

V1 (VDD)

| |
| |
@)

Td2 :| |: 1 c| |:le
M4
L
T
S1

81—4 |:M3
S2—4 XMQ M]KF—M

/N\

(' Sculrent ¥

V3 (VSS) V2 (VSS)
Fig. 5



Patent Application Publication  Jun. 13,2019 Sheet 4 of 7 US 2019/0180686 A1

V1 (VDD)
__C
Td2 :| F N‘ 4 |:le
M4
X
81—4 KMZ% _ST]_
82—4 |: M2 M1 :| F— S2
Y ) Scuren
( Y

V3 (VSS) V2 (VSS)
Fig. 6



US 2019/0180686 A1

Jun. 13,2019 Sheet 5 of 7

Patent Application Publication

L3
(s) oum
:C_. Sw 5@ AUV :._u 5N 0 ]
_ _ ' ' ' T 5.
=-U00¢ =.
||||||||||||||||||||||||||| —n oR
. w O
- .:m 1 m
¢sy aum P —-ng 2
ngt ng ng ) ny ng 0
1 1 1 T T _ _ ] uoot vﬂu
_ - U0 . &
I Huooc > 2
_ | - uoot ~ 3
—_— — - T00< =
(s) oum o) =
not ng ng ni ng 0
T T T T T T m
qeoos =
ny 5 09
. [ Ke)
-1n¢'1 m
(s oum @ ne g
ng[ ng ng ng ng 0 o
1 1 I I 1 'du o
00T =
4 uoov o
- upoy = &
-1 U0y a
J nr =
mw oum) e
0 ng ng ny ng 0
T T T T T _
—15 =
o
&J -w <z
llllllllllllllllllllll — - * = rd ﬁ




US 2019/0180686 A1

Jun. 13,2019 Sheet 6 of 7

Patent Application Publication

8 81

(2
(s) oum
nof ng ng ny ng
] 1 1 1 ]
(sy oum (D
no[ ng ng ny ng
1 I 1 1 ]
(s) oum ®
nof ng ng ny

n|

=
o
)

=
[sa}
(V)
JTarmo JUIATI(]

=
=+

TIALIND BB (]



Patent Application Publication  Jun. 13,2019 Sheet 7 of 7 US 2019/0180686 A1

In a data writing and compensation stage of a frame, make
compensation by a data writing and compensation circuit to a / S10
threshold voltage of a first driver under control of a first signal
terminal

|

S20
In a light emitting stage of the frame, enable by a light /
emitting controller the first driver and a second driver to be
connected to a light emitting device under control of a second
signal terminal, and emit light by the light emitting device by
joint driving of the first driver and the second driver under
control of the second voltage terminal

Fig 9
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OLED PIXEL CIRCUIT, DRIVING METHOD
FOR THE OLED PIXEL CIRCUIT AND
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application 201711285186.X, filed Dec. 7, 2017, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the display tech-
nical field, and in particular, to an Organic Light Emitting
Diode (OLED) pixel circuit, a method for driving the OLED
pixel circuit and a display.

BACKGROUND

[0003] OLED display is one of the hot spots in the current
research field. As compared with Liquid Crystal Displays
(LCDs), the OLED display has advantages such as a low
energy consumption, a low production cost, self-lumines-
cence, a wide range and a fast response speed. In the OLED
display, the pixel circuit design is the core technical content,
and has important research significance.

[0004] Although the OLED display has many advantages
as described above, after a long period of operation of driver
transistors in the OLED pixel circuit, the time for the
formation of the channels and the turn-off time of the driver
transistors will increase, that is, hysteresis will occur in the
switching of the driver transistors during the switching of
pictures. Thus, residual images may appear on the OLED
display, thereby resulting in poor experiences when users
look at images.

SUMMARY

[0005] Embodiments of the present disclosure provide an
OLED pixel circuit, a method for driving the OLED pixel
circuit, and a display device, which are capable of address-
ing the problem of residual images on the OLED display due
to the increased time for the formation of the channels and
the turn-off time of the driver transistors.

[0006] In order to achieve the above objective, embodi-
ments of the present disclosure provide the following tech-
nical solutions.

[0007] According to an aspect, there is provided an OLED
pixel circuit. The OLED pixel circuit includes: a data writing
and compensation circuit, a light emitting controller, a first
driver, a second driver, and a light emitting device;

[0008] wherein:

[0009] the data writing and compensating circuit is con-
nected to the first driver, a first signal terminal and a data
signal terminal, and is configured to make compensation to
a threshold voltage of the first driver under control of the
first signal terminal;

[0010] the first driver is connected to the light emitting
controller and the first voltage terminal, and is configured to
drive the light emitting device under control of the first
voltage terminal and the light emitting controller after the
threshold voltage is compensated,

[0011] the second driver is connected to the first driver, the
light emitting controller and the first voltage terminal, and is
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configured to drive the light emitting device under control of
the first driver, the first voltage terminal and the light
emitting controller;

[0012] the light emitting controller is connected to the
light emitting device and a second signal terminal, and is
configured to connect the first driver and the second driver
to the light emitting device under control of the second
signal terminal; and

[0013] the light emitting device is connected to a second
voltage terminal, and is configured to emit light by joint
driving of the first driver and the second driver under control
of the second voltage terminal.

[0014] According to an exemplary embodiment, the first
driver includes a storage capacitor and a first drive transis-
tor;

[0015] a first terminal of the storage capacitor is connected
to the data writing and compensation circuit, and a second
terminal of the storage capacitor is connected to the first
voltage terminal;

[0016] a gate electrode of the first driver transistor is
connected to the first terminal of the storage capacitor, a first
electrode of the first driver transistor is connected to the first
voltage terminal, and a second electrode of the first driver
transistor is connected to the light emitting controller and the
data writing and compensating circuit.

[0017] According to an exemplary embodiment, the sec-
ond driver includes a second driver transistor; and

[0018] a gate electrode of the second driver transistor is
connected to the first terminal of the storage capacitor, a first
electrode of the second driver transistor is connected to the
first voltage terminal, and a second electrode of the second
driver transistor is connected to the light emitting controller.

[0019] According to an exemplary embodiment, the light
emitting controller includes a first transistor and a second
transistor;

[0020] a gate electrode of the first transistor is connected
to the second signal terminal, a first electrode of the first
transistor is connected to the second electrode of the first
driver transistor, and a second electrode of the first transistor
is connected to the light emitting device; and

[0021] a gate electrode of the second transistor is con-
nected to the second signal terminal, a first electrode of the
second transistor is connected to the second electrode of the
second driver transistor, and a second electrode of the
second transistor is connected to the light emitting device.

[0022] According to an exemplary embodiment, the first
transistor has an aspect ratio which is the same as that of the
second transistor.

[0023] According to an exemplary embodiment, the data
writing and compensation circuit includes a third transistor
and a fourth transistor;

[0024] a gate electrode of the third transistor is connected
to the first signal terminal, a first electrode of the third
transistor is connected to the first terminal of the storage
capacitor, and a second electrode of the third transistor is
connected to the data signal terminal; and

[0025] agate electrode of the fourth transistor is connected
to the first signal terminal, a first electrode of the fourth
transistor is connected to the first terminal of the storage
capacitor, and a second electrode of the fourth transistor is
connected to the second electrode of the first driver transis-
tor.
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[0026] According to an exemplary embodiment, both the
third transistor and the fourth transistor have a dual gate
structure.

[0027] According to an exemplary embodiment, data sig-
nal terminal is a data signal current source which is further
connected to a third voltage terminal.

[0028] According to another aspect, there is provided a
display device including the OLED pixel circuit as described
in the first aspect.

[0029] According to a third aspect, there is provided a
method for driving an Organic Light Emitting Diode
(OLED) pixel circuit, including

[0030] in a data writing and compensation stage of a
frame, making compensation by a data writing and com-
pensation circuit to a threshold voltage of a first driver under
control of a first signal terminal; and

[0031] in a light emitting stage of the frame, enabling by
a light emitting controller the first driver and a second driver
to be connected to a light emitting device under control of
a second signal terminal, and emitting light by the light
emitting device by joint driving of the first driver and the
second driver under control of the second voltage terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] In order to more clearly describe the technical
solutions in the embodiments of the present disclosure or in
the prior art, the drawings used in the description of the
embodiments or the prior art will be briefly described below.
Obviously, the drawings in the following description are
only some embodiments of the present disclosure, and for
those skilled in the art, other drawings may also be obtained
based on these drawings.

[0033] FIG. 1 is a schematic diagram showing a structure
of an OLED pixel circuit according to an embodiment of the
present disclosure.

[0034] FIG. 2 is a schematic diagram showing a specific
structure of individual modules in the OLED pixel circuit as
shown in FIG. 1.

[0035] FIG. 3 is a schematic diagram showing another
specific structure of individual modules in the OLED pixel
circuit as shown in FIG. 1.

[0036] FIG. 4is a diagram showing timing of signals used
for driving the OLED pixel circuit as shown in FIG. 2.
[0037] FIGS. 5§ and 6 are diagrams showing equivalent
circuits when the OLED pixel circuit as shown in FIG. 2
correspond to different situations.

[0038] FIGS. 7 and 8 are diagrams showing simulated
effects of an OLED pixel circuit according to an embodi-
ment of the present disclosure.

[0039] FIG.9is a flow chart showing a method for driving
an OLED pixel circuit according to an embodiment of the
present disclosure.

REFERENCE SIGNS

[0040] 10: data writing and compensation circuit;
[0041] 20: light emitting controller;
[0042] 30: first driver;
[0043] 40: second driver;
[0044] 50: light emitting device.
DETAILED DESCRIPTION
[0045] Clear and complete descriptions will be made on

the technical solutions provided by embodiments of the
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present disclosure with reference to drawings as mentioned
in embodiments of the present disclosure. Apparently, the
described embodiments are merely some but not all of the
embodiments of the present disclosure. All other embodi-
ments obtained by a person of ordinary skill in the art based
on the embodiments of the present disclosure shall fall
within the protection scope of the present disclosure.
[0046] An embodiment of the present disclosure provides
an OLED pixel circuit. As shown in FIG. 1, the OLED pixel
circuit includes a data writing and compensation circuit 10,
a light emitting controller 20, a first driver 30, a second
driver 40, and a light emitting device 50.

[0047] Specifically, the data writing and compensating
circuit 10 is connected to the first driver 30, a first signal
terminal S1 and a data signal terminal Data, and is config-
ured to make compensation to a threshold voltage of the first
driver 30 under control of the first signal terminal S1.
[0048] The first driver 30 is connected to the light emitting
controller and the first voltage terminal V1, and is config-
ured to drive the light emitting device 50 under control of the
first voltage terminal V1 and the light emitting controller 20
after the threshold voltage is compensated.

[0049] The second driver 40 is connected to the first driver
30, the light emitting controller 20 and the first voltage
terminal V1, and is configured to drive the light emitting
device 50 under control of the first driver 30, the first voltage
terminal V1 and the light emitting controller 20.

[0050] The light emitting controller 20 is connected to the
light emitting device 20 and a second signal terminal S2, and
is configured to connect the first driver 30 and the second
driver 40 to the light emitting device 50 under control of the
second signal terminal S2.

[0051] The light emitting device 50 is connected to a
second voltage terminal V2, and is configured to emit light
by joint driving of the first driver 30 and the second driver
40 under control of the second voltage terminal V2.
[0052] The embodiment of the present disclosure provides
an OLED pixel circuit, which uses the first driver 30 and the
second driver 40 to jointly drive the light emitting device 50
to emit light, so that after the data signal terminal Data is
input with signals, the driving current for driving the light
emitting device 50 to emit light is doubled. As compared
with the prior art in which a single driver module is used,
when the driving current input to the light emitting device 50
is the same, the signal input to the data signal terminal Data
of the OLED pixel circuit provided by the present disclosure
is half of that of the prior art, which can increase the
charging speed and achieve fast compensation under a high
pixel density.

[0053] In addition, under the same gray scale brightness,
the negative bias voltages of the first driver 30 and the
second driver 40 in the OLED pixel circuit provided in the
present disclosure is lower than that of the driver module in
the driving structure of the prior art. Only a small number of
carriers are required to form the desired channel depth,
thereby reducing the time for the formation and turn-off of
the channel, reducing the hysteresis, suppressing the residual
images, and improving yield and reliability. Moreover, since
the negative bias voltage of the driver module is relatively
small, the possibility of a threshold voltage drift is small, and
the occurrence of residual images can be further avoided.
[0054] Specifically, as shown in FIG. 2, the first driver 30
includes a storage capacitor C and a first driver transistor
Td1.
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[0055] A first terminal of the storage capacitor C is con-
nected to the data writing and compensation circuit 10, and
a second terminal of the storage capacitor C is connected to
the first voltage terminal V1.

[0056] A gate electrode of the first driver transistor Td1 is
connected to the first terminal of the storage capacitor C, a
first electrode of the first driver transistor Td1 is connected
to the first voltage terminal V1, and a second electrode of the
first driver transistor Td1 is connected to the light emitting
controller 20 and the data writing and compensating circuit
10.

[0057] 1t should be noted that the first driver 30 may
further include a plurality of first driver transistors Tdl
connected in parallel. An example of the first driver 30 is
described above, and other structures which have the same
function as that of the structure as shown in FIG. 2 are not
described in detail, but these structures all fall within the
scope of the present disclosure.

[0058] As shown in FIG. 2, the second driver 40 includes
a second driver transistor Td2.

[0059] A gate electrode of the second driver transistor Td2
is connected to the first terminal of the storage capacitor, a
first electrode of the second driver transistor Td2 is con-
nected to the first voltage terminal V1, and a second elec-
trode of the second driver transistor Td2 is connected to the
light emitting controller 20.

[0060] It should be noted that the second driver 40 may
further include a plurality of second driver transistors Td2
connected in parallel. An example of the second driver 40 is
described above, and other structures which have the same
function as that of the structure as shown in FIG. 2 are not
described in detail, but these structures all fall within the
scope of the present disclosure.

[0061] In the driving process, the storage capacitor C in
the first driver 30 is used not only for controlling the first
driver transistor Tdl but also for controlling the second
driver transistor Td2.

[0062] As shown in FIG. 2, the light emitting controller 20
includes a first transistor M1 and a second transistor M2.
[0063] A gate electrode of the first transistor M1 is con-
nected to the second signal terminal S2, a first electrode of
the first transistor M1 is connected to the second electrode
of the first driver transistor Td1, and a second electrode of
the first transistor M1 is connected to the light emitting
device 50.

[0064] A gate electrode of the second transistor M2 is
connected to the second signal terminal S2, a first electrode
of the second transistor M2 is connected to the second
electrode of the second driver transistor Td2, and a second
electrode of the second transistor M2 is connected to the
light emitting device 50.

[0065] It should be noted that the light emitting controller
20 may further include a plurality of switching transistors
connected in parallel with the first transistor M1 and/or a
plurality of switching transistors connected in parallel with
the second transistor M2. An example of the light emitting
controller 20 is described above, and other structures which
have the same function as that of the structure as shown in
FIG. 2 are not described in detail, but these structures all fall
within the scope of the present disclosure.

[0066] According to an exemplary embodiment, in order
to avoid the difference of the threshold voltages due to the
difference in aspect ratios between the first transistor M1 and
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the second transistor M2, the aspect ratios of the first
transistor M1 and the second transistor M2 are equal.
[0067] As shown in FIG. 2, the data writing and compen-
sation circuit 10 includes a third transistor M3 and a fourth
transistor M4.

[0068] A gate electrode of the third transistor M3 is
connected to the first signal terminal, a first electrode of the
third transistor M3 is connected to the first terminal of the
storage capacitor C, and a second electrode of the third
transistor M3 is connected to the data signal terminal Data.
[0069] A gate electrode of the fourth transistor M4 is
connected to the first signal terminal S1, a first electrode of
the fourth transistor M4 is connected to the first terminal of
the storage capacitor C, and a second electrode of the fourth
transistor M4 is connected to the second electrode of the first
driver transistor Tdl.

[0070] It should be noted that the data writing and com-
pensation circuit 10 may further include a plurality of
switching transistors connected in parallel with the third
transistor M3 and/or a plurality of switching transistors
connected in parallel with the fourth transistor M4. An
example of the data writing and compensation circuit 10 is
described above, and other structures which have the same
function as that of the structure as shown in FIG. 2 are not
described in detail, but these structures all fall within the
scope of the present disclosure.

[0071] A gate scan signal may be input to the first signal
terminal S1, for example.

[0072] According to an exemplary embodiment, in order
to reduce the leakage of the transistors and to keep the
performance of the transistors and the charging effect of the
transistors for long time, both the third transistor M3 and the
fourth transistor M4 have a dual gate structure.

[0073] As shown in FIG. 2, an anode of the light emitting
device 50 is connected to the second electrode of the first
transistor M1, and a cathode of the light emitting device 50
is connected to the second voltage terminal V2.

[0074] It should be noted that, firstly, the data signal
terminal Data may be a data signal voltage terminal for
providing a data voltage for the third transistor M3, and may
also be a data signal current source S_ . for providing data
current for the third transistor M3. One terminal of the data
signal current source S,_,,,.,; is connected to the second
electrode of the third transistor M3, and the other terminal
of data signal current source S_,,,.,,, is connected to a third
voltage terminal V3 to form a loop. When the second
electrode of the third transistor M3 is connected to a high
voltage, the third voltage terminal V3 is a low voltage
terminal or grounded. When the second electrode of the third
transistor M3 is connected to a low voltage, the third voltage
terminal V3 is a high voltage terminal.

[0075] Secondly, the embodiments of the present disclo-
sure do not limit the types of transistors in each module and
unit, that is to say, the above-mentioned first driver transistor
Tdl1, the second driver transistor Td2, the first transistor M1,
the second transistor M2, the third transistor M3 and the
fourth transistor M4 may be N-type transistors or P-type
transistors.

[0076] The first electrode of each of the above transistors
may be a drain electrode and the second electrode each of
the above transistors may be a source electrode. Alterna-
tively, the first electrode of each of the above transistors may
be a source electrode and the second electrode each of the
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above transistors may be a drain electrode. Embodiments of
the present disclosure do not impose specific limitations on
this.

[0077] In addition, transistors in the pixel circuits
described above may be classified into enhancement tran-
sistors and depletion transistors depending on the manner in
which the transistors are conducted. Embodiments of the
present disclosure do not impose specific limitations on this.
[0078] In the example of the OLED pixel circuit, transis-
tors are all P-type transistors, a high level VDD is input to
the first voltage terminal V1, a low level VSS is input to the
second voltage terminal V2 and the third voltage terminal
V3 or the two terminals are grounded, and both of the
terminals can be connected on the same voltage terminal.
[0079] As shown in FIG. 3, when the transistors in the
OLED pixel circuit are all N-type transistors, the low level
VSS is input to the first voltage terminal V1 or the first
voltage terminal V1 is grounded, and the high level VDD is
input to the second voltage terminal V2 and the third voltage
terminal V3, and both of the terminals can be connected on
the same voltage terminal.

[0080] In the OLED pixel circuit provided by embodi-
ments of the present disclosure, the threshold voltage and the
I-R Drop (voltage drop) of the power supply are compen-
sated by current compensation, and the data current is
amplified to reduce the working bias voltages of the first
drive transistor Td1 and the second drive transistor Td2 at
the same grayscale luminance. Thus, the hysteresis is alle-
viated, and the residual images caused by long-term opera-
tion under high bias voltage can be suppressed.

[0081] Based on the above descriptions of the specific
circuits of each module, the specific driving process of the
above OLED pixel driving circuit will be described below in
detail with reference to FIGS. 2 and 4.

[0082] It should be noted that in the following embodi-
ments of the present disclosure, for example, transistors are
P-type transistors, the first voltage terminal V1 is input with
high level, and the second voltage terminal V2 and the third
voltage terminal V3 are input with low level or are
grounded. Here, the terms “high” and “low” here merely
indicate the relative relationship between the input voltages.
[0083] As shown in FIG. 4, the display process of each
frame of the OLED pixel circuit can be divided into a data
writing and compensation stage P1 and a light emitting stage
p2.

[0084] In the data writing and compensation stage P1, a
low level on signal is input to the first signal terminal S1, and
a high level off signal is input to the second signal terminal
S2. Accordingly, an equivalent circuit diagram of the OLED
pixel circuit in FIG. 2 is shown in FIG. 5. The third transistor
M3, the fourth transistor M4, the first driver transistor Td1,
and the second driver transistor Td2 are all turned on, and
the first transistor M1 and the second transistor M2 are both
turned off (the transistor in the off state is represented by
“x”).

[0085] The third transistor M3 is turned on under control
of the first signal terminal S1, and is connected to the data
signal current source S_, . to reset the fourth transistor
M4, and at the same time, the first driver 30 is compensated.
The third transistor M3 is turned on, the data current Idata
of the data signal current source S_,,...,, is written to the first
terminal of the storage capacitor C, and the voltage at the
first terminal of the storage capacitor C is changed. The
driving current can be expressed as:
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/

W 2
1= ﬂﬂcox(vgs = Vi),

[0086] where

w
L

is the aspect ratio of the first driver transistor Td1, C__ is gate
capacitance, W is the mobility of the channel carrier, V,, is
the gate-source voltage of the first driver transistor Td1, and
V , is the threshold voltage of the first driver transistor Td1.
[0087] The gate-source voltage of the first driver transistor
Td1 is V,=V,-VDD. As can be seen from

w ; 2
lawa = 57 #Cox(Vg = VDD = Vi)',

the critical condition for stability is that the saturation
current [ of the first driver transistor Tdl is equal to the
external data current Idata. When the compensation is com-
pleted, the data current is written into the storage capacitor
C, the voltage at the first terminal (i.e., the node N) of the
storage capacitor C is

Uy
Ve =VDD+ Vy - .
WuCp

[0088] In the light emitting stage P2, a low level on signal
is input to the second signal terminal S2, and a high level off
signal is input to the first signal terminal S1. Accordingly, an
equivalent circuit diagram of the OLED pixel circuit in FIG.
2 is shown in FIG. 6. The first transistor M1, the second
transistor M2, the first driver transistor Td1, and the second
driver transistor Td2 are all turned on, and the third transistor
M3 and the fourth transistor M4 are all turned off.

[0089] Under control of the first transistor M1 and the
second transistor M2, the first driver transistor Td1 and the
second driver transistor Td2 are connected with the light
emitting device 50. The light emitting device 50, under
control of the second voltage terminal V2, emits light by
joint driving of the first driver transistor Td1 and the second
driver transistor Td2. By the joint action of the first driver
transistor Td1 and the second driver transistor Td2, the
externally applied data current Idata is amplified by two
times. The driving current generated by the first and second
driver transistors Tdl and Td2 is

2

—VDD-Vy| =2l

T =25 e, [vDD 4 v, 2Llsss
data = ﬂﬂ ox] th = WiCor

The doubled data current 2Idata drives the light emitting
device (e.g., OLED) to emit light, and is independent of the
high level VDD at the first voltage terminal V1 and the
threshold voltage V. If the external data current Idata is not
amplified by 2 times, the voltage at the first terminal (i.e., the
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node N) of the storage capacitor C generated by the writing
of the data current 21data under the same grayscale is

4L1dara
Vo= VDD +Vy— | Wac

and the gate-source voltage of the driver transistor is

4L1dara 4L1dara
WaC, ~ PP=Vn N\ Wac, -

If the external data current Idata is amplified by 2 times, the
voltage at the first terminal (i.e., the node N) of the storage
capacitor C generated by the writing of the data current
2ldata under the same grayscale is

21l
V, = VDD +V, - data
WuCp,

the gate-source voltage of each of the the first and second
driver transistors Td1l and Td2 is

Ves=VDD + Vi, —

Vis = VDD + Vi —

By comparing the two situations, under the same grayscale,
the driver transistors in the OLED pixel circuit in which the
external data current Idata is not amplified by two times (i.e.,
the driver transistors in prior arts) work under a bigger
negative bias voltage

2L e ALl e
A ng - dat: _ dat ,
W/‘ Cox Wﬂ Cox

and such bigger negative bias voltage can make threshold
voltage V , drift easier, thereby resulting in residual images.
On the contrary, the OLED pixel circuit (i.e., the technical
solution provided by the present disclosure) in which the
external data current Idata is amplified by two times, the
possibility of the threshold voltage V ,, drift may be reduced.
[0090] The OLED pixel circuit provided by embodiments
of the present disclosure can be automatically reset. When
the voltage at the first terminal (i.c., the node N) of the
storage capacitor C is higher than the gate voltage of the first
driver transistor Td1 required for the given data current Idata
of the data signal current source S,,,,.,, the data signal
current source Idata will extract the charge at the first
terminal of the storage capacitor C, so that the voltage at the
first terminal of the storage capacitor C is reduced until the
first drive transistor Td1 can generate a current equal to the
data current Idata. When the voltage at the first terminal of
the storage capacitor C is lower than the gate voltage of the
first driver transistor Td1 required for the given data current
Idata of the data signal current source S_,,,,.,,, the current
generated by the first driver transistor Tdl will be greater
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than the data current Idata, and a part of the generated
current is used as the driving current, and the other part of
the generated current charges the first terminal of the storage
capacitor C until the voltage at the first terminal of the
storage capacitor C satisfies that the current generated by the
first drive transistor Td1 is equal to the data current Idata.

[0091] FIG. 7 shows simulation results of the pixel circuit
(the circuit includes two driver modules, and the simulation
result of this pixel circuit is shown by dotted line in FIG. 7)
in which the data current Idata is amplified and the pixel
circuit (the circuit includes one driver module, and the
simulation result of this pixel circuit is shown by solid line
in FIG. 7) in which the data current Idata is not amplified.
As can be seen from (a) in FIG. 7, the voltage at the first
terminal (i.e., node N) of the storage capacitor C in the
circuit which includes a single driver module is lower than
the voltage at the first terminal (i.e., node N) of the storage
capacitor C in the circuit which includes two driver modules.
That is, when the light emitting device is driven by a single
driver module, the driving transistor works under a bigger
negative bias voltage. Under the same grayscale luminance,
when the resulting driving current is the same (as shown in
(c) and (e) of FIG. 7), the external data current Idata
generated by the two driver transistors is lower than the
external data generated by the single drive transistor by ¥4
(as shown in (b) and (d) of FIG. 7). At the same time, as can
be seen from the charging slope of the first terminal (i.e.,
node N) of the storage capacitor C, when two driver tran-
sistors are used to drive the light emitting device, only a
smaller gate voltage change is needed to increase the charg-
ing speed, and a fast compensation under a high pixel
density can be achieved.

[0092] FIG. 8 shows simulation results under different
data currents Idata. As shown in (b) of FIG. 8, when the
external data current Idata is 0.5 uA, 1 uA, and 1.5 vA, the
driving current shown in (c¢) of FIG. 8 is twice of the data
current Idata. The voltage at the first terminal (i.e., node N)
of the storage capacitor C is as shown in (a) of FIG. 8.

[0093] Further, according to an exemplary embodiment, as
shown in FIG. 4, in the driving process, in order to avoid the
situation in which the first driver transistor Td1, the second
driver transistor Td2, the first transistor M1, and the second
transistor M2 are turned on at the same time, there is a time
difference t between the signal transition of the first signal
terminal S1 and the second signal terminal S2. That is, a
high level off signal is input to the second signal terminal S2,
and after the interval time t1, a low level on signal is input
to the first signal terminal S1. Similarly, a high level off
signal is input to the first signal terminal S1, and after the
interval time t2, a low level on signal is input to the second
signal terminal S2. The time intervals t1 and t2 can be equal
to each other.

[0094] In the OLED pixel circuit provided by embodi-
ments of the present disclosure, all the functions of the
existing pixel compensation circuit can be realized by adopt-
ing a current compensation technique that amplifies the data
current Idata, the driver transistors work under a smaller bias
stress, less carriers are needed to form the required channel
depth so as to reduce the time for the channel formation and
cut-off time; also, the OLED pixel circuit can reduce the
probability that carriers are trapped by the gate insulation
layer under large bias voltage, the hysteresis is alleviated,
also, the OLED pixel circuit can reduce threshold voltage



US 2019/0180686 A1

V,, drift, residual images are suppressed, and thus product
vield and reliability are improved.

[0095] The OLED pixel circuit provided by embodiments
of the present disclosure can achieve the compensation of
the threshold voltage, the compensation of the power supply
voltage drop, and suppressing the residual images, effec-
tively stabilize the driving current of the light emitting
device and improve the light emission of the light emitting
device. In addition, only a smaller gate voltage change is
required to increase the charging speed, and a fast compen-
sation under a high pixel density can be achieved. In
addition, compensation can be realized by the current driv-
ing without a reset, and thus this can reduce the amount of
arrangements such as wires and increase the internal wiring
space margin.

[0096] An embodiment of the present disclosure provides
a display device which includes the OLED pixel circuits as
described above.

[0097] An embodiment of the present disclosure provides
a display device including the OLED pixel circuit according
to any one of the embodiments as described. The display
device may include an array of a plurality of pixel units.
Each of the pixel unit includes the OLED pixel circuit
according to any one of the embodiments as described. The
display device provided by embodiments of the present
disclosure may have the same advantageous effects as that of
the OLED pixel circuit provided by embodiments of the
present disclosure. As for the advantageous effects of the
OLED pixel circuit, detailed descriptions have been made
above, and repeated descriptions are omitted here.

[0098] An embodiment of the present disclosure provides
a method for driving an OLED pixel circuit. As shown in
FIG. 9, the method includes the following steps.

[0099] In S10, in a data writing and compensation stage of
a frame, the data writing and compensation circuit 10 makes
compensation to the threshold voltage of the first driver 30
under control of the first signal terminal S1.

[0100] In S20, in a light emitting stage of the frame, the
light emitting controller 20 enables the first driver 30 and the
second driver 40 to be connected to the light emitting device
50 under control of the second signal terminal S2, and the
light emitting device emits light by joint driving of the first
driver 30 and the second driver 40 under control of the
second voltage terminal V2.

[0101] In the method driving an OLED pixel circuit pro-
vided by embodiments of the present disclosure, reset,
compensation (compensation to the threshold voltage and
the power supply drop) and light emission can be realized in
two stages, thereby increasing the processing speed.
[0102] The exemplary implementations of the present
disclosure are provided above, and however, the present
disclosure is not limited to the implementations set forth
herein. One of ordinary skill in this art can devise many
changes or alternatives based on the technical contents
provided in the present disclosure, and such changes or
alternatives should be included in the scope of the present
disclosure. Thus, the scope of the present disclosure is
defined by the appended claims.

What is claimed is:

1. An Organic Light Emitting Diode (OLED) pixel circuit,
comprising: a data writing and compensation circuit, a light
emitting controller, a first driver, a second driver, and a light
emitting device;
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wherein:

the data writing and compensating circuit is connected to
the first driver, a first signal terminal and a data signal
terminal, the data writing and compensating circuit is
configured to make compensation to a threshold volt-
age of the first driver under control of the first signal
terminal;

the first driver is connected to the light emitting controller
and a first voltage terminal, the first driver is configured
to drive the light emitting device under control of the
first voltage terminal and the light emitting controller
after the threshold voltage is compensated;

the second driver is connected to the first driver, the light
emitting controller and the first voltage terminal, the
second driver is configured to drive the light emitting
device under control of the first driver, the first voltage
terminal and the light emitting controller;

the light emitting controller is connected to the light
emitting device and a second signal terminal, and the
light emitting controller is configured to connect the
first driver and the second driver to the light emitting
device under control of the second signal terminal; and

the light emitting device is connected to a second voltage
terminal, and the light emitting device is configured to
emit light by joint driving of the first driver and the
second driver under control of the second voltage
terminal.

2. The OLED pixel circuit of claim 1, wherein:

the first driver comprises a storage capacitor and a first
drive transistor;

a first terminal of the storage capacitor is connected to the
data writing and compensation circuit, and a second
terminal of the storage capacitor is connected to the
first voltage terminal;

a gate electrode of the first driver transistor is connected
to the first terminal of the storage capacitor, a first
electrode of the first driver transistor is connected to the
first voltage terminal, and a second electrode of the first
driver transistor is connected to the light emitting
controller and the data writing and compensating cit-
cuit.

3. The OLED pixel circuit of claim 2, wherein:

the second driver comprises a second driver transistor;
and

a gate electrode of the second driver transistor is con-
nected to the first terminal of the storage capacitor, a
first electrode of the second driver transistor is con-
nected to the first voltage terminal, and a second
electrode of the second driver transistor is connected to
the light emitting controller.

4. The OLED pixel circuit of claim 3, wherein:

the light emitting controller comprises a first transistor
and a second transistor;

a gate electrode of the first transistor is connected to the
second signal terminal, a first electrode of the first
transistor is connected to the second electrode of the
first driver transistor, and a second electrode of the first
transistor is connected to the light emitting device; and

a gate electrode of the second transistor is connected to
the second signal terminal, a first electrode of the
second transistor is connected to the second electrode
of the second driver transistor, and a second electrode
of the second transistor is connected to the light emit-
ting device.
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5. The OLED pixel circuit of claim 4, wherein the first
transistor has an aspect ratio which is the same as that of the
second transistor.

6. The OLED pixel circuit of claim 2, wherein:

the data writing and compensation circuit comprises a
third transistor and a fourth transistor;

a gate electrode of the third transistor is connected to the
first signal terminal, a first electrode of the third tran-
sistor is connected to the first terminal of the storage
capacitor, and a second electrode of the third transistor
is connected to the data signal terminal; and

a gate electrode of the fourth transistor is connected to the
first signal terminal, a first electrode of the fourth
transistor is connected to the first terminal of the
storage capacitor, and a second electrode of the fourth
transistor is connected to the second electrode of the
first driver transistor.

7. The OLED pixel circuit of claim 6, wherein both the
third transistor and the fourth transistor have a dual gate
structure.

8. The OLED pixel circuit of claim 1, wherein the data
signal terminal is a data signal current source which is
further connected to a third voltage terminal.

9. A display device comprising an Organic Light Emitting
Diode (OLED) pixel circuit comprising: a data writing and
compensation circuit, a light emitting controller, a first
driver, a second driver, and a light emitting device;

wherein:

the data writing and compensating circuit is connected to
the first driver, a first signal terminal and a data signal
terminal, the data writing and compensating circuit is
configured to make compensation to a threshold volt-
age of the first driver under control of the first signal
terminal;

the first driver is connected to the light emitting controller
and a first voltage terminal, the first driver is configured
to drive the light emitting device under control of the
first voltage terminal and the light emitting controller
after the threshold voltage is compensated;

the second driver is connected to the first driver, the light
emitting controller and the first voltage terminal, the
second driver is configured to drive the light emitting
device under control of the first driver, the first voltage
terminal and the light emitting controller;

the light emitting controller is connected to the light
emitting device and a second signal terminal, the light
emitting controller is configured to connect the first
driver and the second driver to the light emitting device
under control of the second signal terminal; and

the light emitting device is connected to a second voltage
terminal, the light emitting device is configured to emit
light by joint driving of the first driver and the second
driver under control of the second voltage terminal.

10. The display device of claim 9, wherein:

the first driver comprises a storage capacitor and a first
drive transistor;

a first terminal of the storage capacitor is connected to the
data writing and compensation circuit, and a second
terminal of the storage capacitor is connected to the
first voltage terminal,

a gate electrode of the first driver transistor is connected
to the first terminal of the storage capacitor, a first
electrode of the first driver transistor is connected to the
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first voltage terminal, and a second electrode of the first
driver transistor is connected to the light emitting
controller and the data writing and compensating cit-
cuit.

11. The display device of claim 10, wherein:

the second driver comprises a second driver transistor;
and

a gate electrode of the second driver transistor is con-
nected to the first terminal of the storage capacitor, a
first electrode of the second driver transistor is con-
nected to the first voltage terminal, and a second
electrode of the second driver transistor is connected to
the light emitting controller.

12. The display device of claim 11, wherein:

the light emitting controller comprises a first transistor
and a second transistor;

a gate electrode of the first transistor is connected to the
second signal terminal, a first electrode of the first
transistor is connected to the second electrode of the
first driver transistor, and a second electrode of the first
transistor is connected to the light emitting device; and

a gate electrode of the second transistor is connected to
the second signal terminal, a first electrode of the
second transistor is connected to the second electrode
of the second driver transistor, and a second electrode
of the second transistor is connected to the light emit-
ting device.

13. The display device of claim 12, wherein the first
transistor has an aspect ratio which is the same as that of the
second transistor.

14. The display device of claim 10, wherein:

the data writing and compensation circuit comprises a
third transistor and a fourth transistor;

a gate electrode of the third transistor is connected to the
first signal terminal, a first electrode of the third tran-
sistor is connected to the first terminal of the storage
capacitor, and a second electrode of the third transistor
is connected to the data signal terminal; and

a gate electrode of the fourth transistor is connected to the
first signal terminal, a first electrode of the fourth
transistor is connected to the first terminal of the
storage capacitor, and a second electrode of the fourth
transistor is connected to the second electrode of the
first driver transistor.

15. The display device of claim 14, wherein both the third

transistor and the fourth transistor have a dual gate structure.

16. The display device of claim 9, wherein the data signal
terminal is a data signal current source which is further
connected to a third voltage terminal.

17. A method for driving an Organic Light Emitting Diode
(OLED) pixel circuit, comprising:

in a data writing and compensation stage of a frame,
making compensation by a data writing and compen-
sation circuit to a threshold voltage of a first driver
under control of a first signal terminal; and

in a light emitting stage of the frame, enabling by a light
emitting controller the first driver and a second driver
to be connected to a light emitting device under control
of a second signal terminal, and emitting light by the
light emitting device by joint driving of the first driver
and the second driver under control of the second
voltage terminal.

I S T
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