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(7) ABSTRACT

A pixel driving circuit and method, an array substrate, and a
display apparatus, wherein the pixel driving circuit comprises
a data line, a first scan line, a signal control line, a light
emitting device, a storage capacitor, a driving transistor and
four switching transistors. The pixel driving circuit can avoid
the influence on a driving current of an OLED caused by
threshold voltage drift of a driving transistor, and improve the
uniformity of a displayed image.
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PIXEL DRIVING CIRCUIT AND METHOD,
ARRAY SUBSTRATE, AND DISPLAY
APPARATUS

TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to display techniques,
and particularly, to a pixel driving circuit and method, an
array substrate, and a display apparatus.

BACKGROUND

[0002] At present, Active Matrix Organic Light Emitting
Diode (AMOLED) display is a focus topic in panel display
research. Compared to Liquid Crystal Display, Organic Light
Emitting Diode (OLED) has the advantages of low power
consumption, low manufacture cost, self illumination, wide
view angle and rapid response, etc., and begins to replace
conventional LCD display screens in display fields, such as
mobile phone, PDA (Personal Digital Assistant), and digital
camera, etc.. Pixel driving circuit design is a core technique of
AMOLED display, and has important research significance.
[0003] Different from that Thin Film Transistor Liquid
Crystal Display (TFT-LCD) performs luminance control by
using a stable voltage, OLED is a current-driven device and
requires a stable current to perform luminance control. Due to
manufacture process and device aging, etc., in an existing
driving circuit comprising two transistors T1 and T2 and a
storage capacitor C1 (please refer to FIG. 1), a driving current
1porep1s generated by applying a voltage V ;,,, supplied from
a data line on a saturation region of a driving transistor
(DTFT). The driving current drives OLED to emit light, and
can be calculated as: 1, ,,,=K(V;~V,,)°, wherein V. is a
voltage across a gate and a source of the driving transistor, and
V,, is a threshold voltage of the driving transistor. The thresh-
old voltages V,, of respective driving TFTs of pixels (that is,
T2 in FIG. 1) are not uniform due to manufacture process and
device aging, etc., thereby the currents flowing through
respective OLEDs in pixels changing from one to another,
and thus display quality of a whole image is affected.

SUMMARY

[0004] Embodiments of the present disclosure provide a
pixel driving circuit and method, an array substrate, and a
display apparatus, capable of avoiding the influence on a
driving current of an OLED caused by threshold voltage drift
of a driving transistor and thus improving the uniformity of a
displayed image.

[0005] Embodiments of the present disclosure adopt the
following technical solutions.

[0006] According to one aspect of the present disclosure,
there is provided pixel driving circuit, comprising: a data line,
a first scan line, a signal control line, a light emitting device,
a storage capacitor, a driving transistor, a first switching tran-
sistor, a second switching transistor, a third switching tran-
sistor, and a fourth switching transistor; the first switching
transistor having a gate connected to the signal control line, a
source connected to a first level terminal, and a drain con-
nected to a first terminal of the storage capacitor; the second
switching transistor having a gate connected to the first scan
line, a source connected to alow level, and a drain connected
to asecond terminal of the storage capacitor; the third switch-
ing transistor having a gate connected to the first scan line,
and a source connected to the second terminal of the storage
capacitor; the fourth switching transistor having a gate con-
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nected to the first scan line, a source connected to the data
line, and a drain connected to a drain of the third switching
transistor; the driving transistor having a gate connected to
the drain of the fourth switching transistor, and a source
connected to the first terminal of the storage capacitor; one
terminal of the light emitting device being connected to the
drain of the driving transistor, and the other terminal being
connected to a second level terminal.

[0007] According to another aspect of the present disclo-
sure, there is provided a driving method for the above
described pixel driving circuit, comprising: in a first period,
turning on the first switching transistor, the second switching
transistor and the fourth switching transistor, turning off the
third switching transistor, and the first level terminal charging
the storage capacitor; in a second period, turning on the
second switching transistor and the fourth switching transis-
tor, turning off the first switching transistor and the third
switching transistor, and the storage capacitor discharging till
a voltage difference between the gate and source of the driv-
ing transistor is equal to a threshold voltage of the driving
transistor; and in a third period, turning on the first switching
transistor and the third switching transistor, turning off the
second switching transistor and the fourth switching transis-
tor, and the first level terminal and the second level terminal
applying a turn-on signal on the light emitting device.

[0008] According to yet another aspect of the present dis-
closure, there is provided an array substrate comprising the
above described pixel driving circuit.

[0009] According to still another aspect of the present dis-
closure, there is provided a display apparatus comprising the
above described array substrate.

[0010] With the pixel driving circuit and method, the array
substrate, and the display apparatus provided in the embodi-
ments of the present disclosure, the influence on an OLED
driving current caused by threshold voltage drift of a driving
transistor can be removed by voltage compensation and thus
the uniformity of the display image can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In order to explain the technical solutions in the
embodiments of the present disclosure or in the prior art more
clearly, accompanying drawings required for describing the
embodiments of the present disclosure or the prior art will be
introduced. Obviously, the accompanying drawings below
are only some embodiments of the present disclosure, and
based on the accompanying drawings, other accompanying
drawings can be obtained by those skilled in the art without
paying inventive labor.

[0012] FIG. 1 is a schematic structure diagram of a pixel
driving circuit provided in the prior art;

[0013] FIG. 2 is a schematic structure diagram of a pixel
driving circuit provided in an embodiment of the present
disclosure;

[0014] FIG. 3 is a schematic structure diagram of another
pixel driving circuit provided in another embodiment of the
present disclosure;

[0015] FIG. 4 is a schematic state diagram showing signal
timings of the pixel driving circuits provided in the embodi-
ments of the present disclosure;

[0016] FIG. 5a is a schematic diagram of an equivalent
circuit of the pixel driving circuits provided in the embodi-
ments of the present disclosure during a first time period,
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[0017] FIG. 55 is a schematic diagram of an equivalent
circuit of the pixel driving circuits provided in the embodi-
ments of the present disclosure during a second time period;

[0018] FIG. 5¢ is a schematic diagram of an equivalent
circuit of the pixel driving circuits provided in the embodi-
ments of the present disclosure during a third time period; and

[0019] FIG. 6 is a schematic state diagram showing another
signal timings of the pixel driving circuits provided in the
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0020] Descriptions will be made clearly and thoroughly
for the technical solutions in the embodiments of the present
disclosure below, taken in conjunction with the accompany-
ing drawings of the embodiments of the present disclosure.
Obviously, the described embodiments are only some but not
all of the embodiments of the present disclosure. Other
embodiments obtained by those skilled in the art based on the
described embodiments without paying inventive labor shall
belong to the scope sought for protection in the present dis-
closure.

[0021] Switching transistors and driving transistor adopted
in the embodiments of the present disclosure may be Thin
Film Transistors, Field Effect Transistors, or other devices
with the same characteristics. Since a drain and a source of a
switching transistor are symmetric herein, the drain and the
source can be exchanged. In the embodiments of the present
disclosure, in order to distinguish two terminals other than a
gate of a transistor, one terminal is called a source and the
other terminal is called a drain. According to the symbols in
the accompanying drawings, it is prescribed that an interme-
diate terminal of the transistor is the gate, a signal input
terminal is the source and a signal output terminal is the drain.
In addition, the switching transistors adopted in the embodi-
ments of the present disclosure include P type switching
transistors and N type switching transistors, wherein the P
type switching transistor is turned on when the gate thereof'is
at alow level and turned off when the gate thereofis at a high
level; and the N type switching transistor is turned on when
the gate thereof is at the high level and turned off when the
gate thereof is at the low level. In addition, in the description
of the present application, when an element is “connected” to
another element, the element can be connected to said another
element directly, or one or more elements can be inserted
between the element and said another element. On the con-
trary, when an element is “connected directly” to another
element, there is no intermediate element.

[0022] FIG. 2 is a pixel driving circuit provided in an
embodiment of the present disclosure, which includes a data
line, a first scan line, a signal control line, a light emitting
device, a storage capacitor C1, a driving transistor DTFT, a
first switching transistor T1, a second switching transistor T2,
a third switching transistor T3, and a fourth switching tran-
sistor T4.

[0023] The first switching transistor T1 has a gate con-
nected to the signal control line, a source connected to a first
level terminal, and a drain connected to a first terminal of the
storage capacitor C1;

[0024] thesecond switching transistor T2 has a gate con-
nected to the first scan line, a source connected to a low
level, and a drain connected to a second terminal of the
storage capacitor C1;
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[0025] the third switching transistor T3 has a gate con-
nected to the first scan line, and a source connected to the
second terminal of the storage capacitor C1;

[0026] the fourth switching transistor T4 has a gate con-
nected to the first scan line, a source connected to the
data line, and a drain connected to a drain of the third
switching transistor T3;

[0027] the driving transistor DTFT has a gate connected
to the drain of the fourth switching transistor T4, and a
source connected to the first terminal of the storage
capacitor C1,

[0028] one terminal of the light emitting device is con-
nected to the drain of the driving transistor DTFT, and
the other terminal is connected to a second level termi-
nal.

[0029] Wherein, the first switching transistor T1 and the
third switching transistor T3 are N type switching transistors,
and the driving transistor DTFT, the second switching tran-
sistor T2 and the fourth switching transistor T4 are P type
switching transistors;

[0030] Or, the first switching transistor T1, the third switch-
ing transistor T3 and the driving transistor DTFT are P type
switching transistors, and the second switching transistor T2
and the fourth switching transistor T4 are N type switching
transistors.

[0031] Of course, the light emitting device may be an
Organic light emitting diode OLED, when the OLED is a
bottom emitting OLED, the level V, of the second level ter-
minal is lower than the level V| of the first level terminal. It is
preferable that the low level is a ground terminal. In FIG. 2,
the bottom emitting OLED is shown as an example.

[0032] With the pixel driving circuit provided in the
embodiment of the present disclosure, the influence on the
OLED driving current caused by threshold voltage drift of the
driving transistor can be removed by voltage compensation,
and thus the uniformity of the display image can be improved.

[0033] Furthermore, as shown in FIG. 3, in addition to the
devices comprised in the pixel driving circuit described
above, another pixel driving circuit provided in another
embodiment of the present disclosure further comprises: a
second scan line and a fifth switching transistor T5, wherein
the fifth switching transistor T5 has a gate connected to the
second scan line, a source connected to the drain of the
driving transistor DTFT, and a drain connected to the one
terminal of the light emitting device; the other terminal of the
light emitting device is connected to the second level termi-
nal.

[0034] Similarly, the light emitting device may be an
Organic light emitting diode OLED, when the OLED is a
bottom emitting OLED, the level V, of the second level ter-
minal is lower than the level V| of the first level terminal,
when the OLED is a top emitting OLED, the level V, of the
second level terminal is higher than the level V, of the first
level terminal. In FIG. 3, the bottom emitting OLED is shown
as an example.

[0035] Wherein, the first switching transistor T1 and the
third switching transistor T3 are N type switching transistors,
and the second switching transistor T2, the fourth switching
transistor T4 and the driving transistor DTFT are P type
switching transistors;

[0036] Or, the first switching transistor T1, the third switch-
ing transistor T3 and the driving transistor DTFT are P type
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switching transistors, and the second switching transistor T2
and the fourth switching transistor T4 are N type switching
transistors.

[0037] Herein, the fifth switching transistor T5 may be
turned off after the display is completed, and thus functions to
protect the light emitting device.

[0038] With reference to the pixel driving circuits provided
in the respective embodiments of the present disclosure, the
embodiments of the present disclosure further provide a driv-
ing method for the pixel driving circuits in the above embodi-
ments of the present disclosure.

[0039] In a first period, the first, second and fourth switch-
ing transistors are turned on, the third switching transistor is
turned off, and the first level terminal charges the storage
capacitor;

[0040] in asecond period, the second and fourth switch-
ing transistors are turned on, the first and third switching
transistors are turned off and the storage capacitor dis-
charges till a voltage difference between the gate and
source of the driving transistor is equal to a threshold
voltage of the driving transistor; and

[0041] in a third period, the first and third switching
transistors are turned on, the second and fourth switch-
ing transistors are turned off, and the first level terminal
and the second level terminal apply a turn-on signal on
the light emitting device.

[0042] Furthermore, in the pixel driving circuit comprising
the fifth switching transistor and the second scan line, the fifth
switching transistor is in a turn-on state from the first period
to the third period.

[0043] Description will be made with taking the first
switching transistor T1 and the third switching transistor T3
being N type switching transistors, the second switching tran-
sistor T2, the fourth switching transistor T4 and the driving
transistor DTFT being P type switching transistors and the
fifth switching transistor T5 being N type switching transistor
as an example (the fifth switching transistor T5 may be either
P type or N type switching transistor). With reference to the
schematic state diagram showing signal timings of the pixel
driving circuits provided in FIG. 4, together with the sche-
matic state diagrams showing equivalent circuits of the pixel
driving circuits during respective periods provided in FIG.
5a~5c¢, description will be given for the driving method for
the pixel driving circuit provided in the embodiment of the
present disclosure as follows.

[0044] In a first period, that is, the first time period in the
schematic state diagram of signal timings as shown in FIG. 4,
a low level signal is applied to the first scan line, and a high
level signal is applied to the second scan line, the signal
control line and the data line, the first switching transistor T1,
the second switching transistor T2, the fourth switching tran-
sistor T4, and the fifth switching transistor T5 are turned on,
the third switching transistor T3 is turned off and the first level
terminal charges the storage capacitor C1. The equivalent
circuit formed at this time is as shown in FIG. 5a. During this
period, voltage at the first terminal of the storage capacitor C1
(that is, point A in FIG. 5a) is charged to be equal to the
voltage at the first level terminal, the voltage V , at point A is
equal to the voltage V, at the first level terminal at this time;
in addition, the second terminal of the storage capacitor C1 is
connected to the low level, that is, voltage V5 at the second
terminal (that is, point B in FIG. 5a) equals 0.

[0045] Inasecond period, that is, the second time period in
the schematic state diagram of signal timings as shown in
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FIG. 4, the low level signal is applied to the first scan line and
the signal control line, and the high level signal is applied to
the second scan line and the data line, the second switching
transistor T2, the fourth switching transistor T4 and the fifth
switching transistor T5 are turned on, the first switching tran-
sistor T1 and the third switching transistor T3 are turned off,
and the storage capacitor C1 discharges till a voltage differ-
ence between the gate and source of the driving transistor
DTFT is equal to a threshold voltage of the driving transistor
DTFT. The equivalent circuit formed at this time is as shown
in FIG. 5b. During this period, voltage at the first terminal of
the storage capacitor C1 (that is, point A in FIG. 55) begins to
discharge till V,V =V, wherein V , is the voltage at point A,
V- is the voltage at point C, that is, the voltage at the gate of
the driving transistor DTFT, at this time, V.~V ,,,,, wherein
V .. 18 a voltage value supplied from the data line, V, is the
threshold voltage of the driving transistor DTFT. At last, the
voltage at point A becomes V. +V,,. Such a period is a
compensation period, and also providing a buffering effect
for preparing for a next period.

[0046] In athird period, that is, the third time period in the
schematic state diagram of signal timings shown in FIG. 4,
the high level signal is applied to the first scan line, the second
scan line and the signal control line, and the low level signal
is applied to the data line, the first switching transistor T1,
third switching transistor T3 and the fifth switching transistor
T5 are turned on, the second switching transistor T2 and the
fourth switching transistor T4 are turned off, and the first level
terminal and the second level terminal apply a turn-on signal
on the light emitting device. The equivalent circuit formed at
this time is as shown in FIG. 5¢. During this period, the
voltage at the first terminal of the storage capacitor C1 returns
to the same voltage value V| as that of the first level terminal,
the second terminal of the storage capacitor C1 is floating,
and the voltage at the first terminal and the voltage at the
second terminal change by a same amount, that is,
V5=V~V,-V ... the organic light emitting device starts
to emit light, wherein a driving current can be calculated as:

I OLED “K[Vs~] Vol =K[Vi=("=V = V)~V

=KV gt

[0047] Itcanbe seen that the driving currentl,; ., only has
relation to the voltage V. at the data line, and thus will not
be affected by V,,, wherein V¢ is the voltage between the
gate and the source of TFT,

1 w
K= EMCOXI'

whrein pand C, are process constants, W is the TFT channel
width, Lis the TFT channel length, and W and L are constants
designed selectively.

[0048] The above description is given assuming that the
light emitting device adopts bottom emitting OLED, that is,
the level of the first level terminal is higher than the level of
the second level terminal. In addition, it may be understood
that the second terminal may be directly connected to the low
level when the light emitting device adopts a bottom emitting
OLED, that is, a negative terminal of the OLED is connected
to the low level, whereby reducing the difficulty of designing
the pixel driving circuit and making the construction of the
circuit more convenient.



US 2014/0118231 Al

[0049] Furthermore, with reference to the timing state dia-
gram as shown in FI1G. 6, before the first period begins, the
high level signal is applied to the second scan line, and the
fifth switching transistor is turned on in advance since the
second scan line is applied to the level signal (here, the high
level) in advance. In this case, the driving circuit enters into a
preparation state in advance before the driving transistor
DTFT operates, and thus residual current inside the circuit
can be consumed to reduce the appearance of afterimage
phenomenon in the displayed image. In addition, the fifth
switching transistor T5 may turns off after the display is
completed, and thus functions to protect the light emitting
device.

[0050] Theabove embodiments are described assuming the
first switching transistor T1 and the third switching transistor
T3 are N type switching transistors, the second switching
transistor T2, the fourth switching transistor T4 and the driv-
ing transistor DTFT are P type switching transistors. Of
course, the first switching transistor T1, the third switching
transistor T3 and the driving transistor DTFT may be P type
switching transistors, and the second switching transistor T2
and the fourth switching transistor T4 may be N type switch-
ing transistors, and under such a circumstance, it is necessary
to adjust the level signals applied to the first scan line, the
second scan line, the signal control line and the data line. That
is to say, in the embodiments of the present disclosure, there
is no limitation on types of the respective switching transis-
tors and the driving transistor, that is, when types of the
respective switching transistors and the driving transistor are
changed, simply adjust the level signals applied to the first
scan line, the second scan line, the signal control line and the
data line. Here, any combination that can be easily thought of
and obtained by those skilled in the art based on the pixel
driving circuit and driving method provided in the embodi-
ments of the present disclosure should be included in the
protection scope of the present disclosure, as long as the
driving method for the pixel driving circuit provided in the
embodiment of the present disclosure can be achieved,.

[0051] With the driving method for the pixel driving circuit
provided in the embodiment of the present disclosure, the
influence on the OLED driving current caused by threshold
voltage drift of a driving transistor can be removed by voltage
compensation and thus the uniformity of the display image
can be improved.

[0052] 1In yet another embodiment of the present disclo-
sure, there is provided an array substrate comprising: a plu-
rality of data lines extended and arranged along columns of
the array; a plurality of first scan lines, second scan lines and
signal control lines extended and arranged along rows of the
array; a plurality of pixels arranged at intersections of the
plurality of data lines and the plurality of first scan lines or
second scan lines in a matrix form; wherein each of the pixels
comprises any of the above described pixel driving circuits.

[0053] With the array substrate provided in the embodi-
ment of the present disclosure, the influence on the OLED
driving current caused by threshold voltage drift of a driving
transistor can be avoided by voltage compensation and thus
the uniformity of the display image can be improved.

[0054] In still another embodiment of the present disclo-
sure, there is provided a display apparatus comprising the
abovedescribed array substrate. In addition, the display appa-
ratus can be display devices such as electronic paper, mobile
phone, television, digital frame, etc.
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[0055] With the display apparatus provided in the embodi-
ment of the present disclosure, the influence on the OLED
driving current caused by threshold voltage drift of a driving
transistor can be removed by voltage compensation and thus
the uniformity of the display image can be improved.

[0056] The above descriptions are only for illustrating the
embodiments of the present disclosure, and in no way limit
the scope of the present disclosure. It will be obvious that
those skilled in the art may make modifications, variations
and equivalences to the above embodiments without depart-
ing the spirit and scope of the present disclosure as defined by
the following claims. Such variations and modifications are
intended to be included within the spirit and scope of the
present disclosure.

1. A pixel driving circuit, comprising: a data line, a first
scan line, a signal control line, a light emitting device, a
storage capacitor, a driving transistor, a first switching tran-
sistor, a second switching transistor, a third switching tran-
sistor, and a fourth switching transistor;

the first switching transistor having a gate connected to the

signal control line, a source connected to a first level
terminal, and a drain connected to a first terminal of the
storage capacitor;

the second switching transistor having a gate connected to

the first scan line, a source connected to a low level, and
a drain connected to a second terminal of the storage
capacitor;

the third switching transistor having a gate connected to the

first scan line, and a source connected to the second
terminal of the storage capacitor;

the fourth switching transistor having a gate connected to

the first scan line, a source connected to the data line, and
a drain connected to a drain of the third switching tran-
sistor;
the driving transistor having a gate connected to the drain
of the fourth switching transistor, and a source con-
nected to the first terminal of the storage capacitor;

one terminal of the light emitting device being connected to
the drain of the driving transistor, and the other terminal
being connected to a second level terminal.

2. The pixel driving circuit of claim 1, wherein the one
terminal of the light emitting device is directly connected to
the drain of the driving transistor.

3. The pixel driving circuit of claim 1, further comprising:
a second scan line and a fifth switching transistor, the one
terminal of the light emitting device being connected to the
drain of the driving transistor via the fifth switching transistor,

wherein the fifth switching transistor has a gate connected

to the second scanline, a source connected to the drain of
the driving transistor, and a drain connected to the one
terminal of the light emitting device.

4. The pixel driving circuit of claim 1, wherein the first
switching transistor and the third switching transistor are N
type switching transistors, and the second switching transis-
tor, the fourth switching transistor and the driving transistor
are P type switching transistors.

5. The pixel driving circuit of claim 1, wherein the first
switching transistor, the third switching transistor and the
driving transistor are P type switching transistors, and the
second switching transistor and the fourth switching transis-
tor are N type switching transistors.

6. A driving method for the pixel driving circuit of claim 1,
comprising:
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in a first period, turning on the first switching transistor, the
second switching transistor and the fourth switching
transistor, turning off the third switching transistor, and
the first level terminal charging the storage capacitor;
in a second period, turning on the second switching tran-
sistor and the fourth switching transistor, turning off the
first switching transistor and the third switching transis-
tor, and the storage capacitor discharging till a voltage
difference between the gate and source of the driving
transistor is equal to a threshold voltage of the driving
transistor; and
in a third period, tuming on the first switching transistor
and the third switching transistor, turning off the second
switching transistor and the fourth switching transistor,
and the first level terminal and the second level terminal
applying a turn-on signal on the light emitting device.
7. The driving method of claim 6, wherein the pixel driving
circuit further comprising a second scan line and a fifth
switching transistor, the one terminal of the light emitting
device being connected to the drain of the driving transistor
via the fifth switching transistor,
wherein the fifth switching transistor has a gate connected
to the second scanline, a source connected to the drain of
the driving transistor, and a drain connected to the one
terminal of the light emitting device;
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wherein the fifth switching transistor is in a turned-on state
from the first period to the third period.

8. The driving method of claim 7, wherein the fifth switch-
ing transistor is turned on in advance before the first period
begins.

9. An array substrate, comprising the pixel driving circuit
of claim 1.

10. A display apparatus, comprising the array substrate of
claim 9.

11. The pixel driving circuit of claim 2, wherein the first
switching transistor and the third switching transistor are N
type switching transistors, and the second switching transis-
tor, the fourth switching transistor and the driving transistor
are P type switching transistors.

12. The pixel driving circuit of claim 2, wherein the first
switching transistor, the third switching transistor and the
driving transistor are P type switching transistors, and the
second switching transistor and the fourth switching transis-
tor are N type switching transistors.

13. The pixel driving circuit of claim 3, wherein the fifth
switching transistor is an N type switching transistor or a P
type switching transistor.
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