US 20140175992A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0175992 A1

YANG

(43) Pub. Date: Jun, 26, 2014

(54)

(71)

(72)

(73)

1)

(22)

(30)

Dec. 21, 2012

PIXEL CIRCUIT, DRIVING METHOD
THEREOF, AND DISPLAY DEVICE

Applicant: BEIJING BOE
OPTOELECTRONICS
TECHNOLOGY CO., LTD, Beijing
(CN)

Inventor:  Shengji YANG, Beijing (CN)

BELJING BOE
OPTOELECTRONICS
TECHNOLOGY CO., LTD, Beijing
(CN)

Assignee:

Appl. No.: 14/132,614

Filed: Dec. 18, 2013

Foreign Application Priority Data

(CN) o 2012105647428

Vdaté(—l

Publication Classification

(51) Int.CL
G09G 3/32 (2006.01)
(52) US.CL
CPC oo G09G 3/3208 (2013.01)
USPC oo 315/172
(57) ABSTRACT

Provided are a pixel circuit, a driving method thereof, and a
display device, which relate to the field of the display tech-
nology and can effectively compensate variation in currents
due to ununiformity and drift of threshold voltages of driving
Thin Film Transistors as well as ununiformity of OLEDs. The
pixel circuit comprises: a light-emitting element; a driving
TFT; a first TFT having a drain connected to a gate of the
driving TFT; a second TFT having a drain connected to a
source of the driving TFT; a third TFT having a source con-
nected to a drain of the driving TFT, and a drain connected to
the light-emitting element; a fourth TFT having a source
connected to the gate of the driving TFT, and a drain con-
nected to the drain of the driving TFT; a fifth TFT having a
drain connected to the source of the driving TFT; and a
capacitor.
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Fig.3

turning on the first TFT 201, and turning off the second TFT 202, the third TFT 203, $101
the fourth TFT 204 and the fifth TFT 205, discharging electric charges stored at the
first node A via the first TFT 201, resetting a voltage signal at the gate of the driving
TFT 200 so as turn on the driving TET 200

il

turning on the second TFT 202 and the fourth TFT 204, and turning off the first TFT
201, the third TFT 203 and the fith TFT 205, making the driving TFT 200 continue S102
to be turned on, wherein since the fourth THT 204 is turned on, the gate and the drain
of the driving TFT 200 are connected electrically; charging the first node A by a data
signal via the driving TFT 200, so that a voltage at the node A rises

12
turning on the third TFT 203 and the fifth TFT 205, and turning off the first TFT 201,
the second TFT 202 and the fourth TFT 204, keeping the voltage at the gate of the
driving TFT 200 unchanged by the capacitor 206, and making the driving TFT 200
continue to be turned on, and driving the OLED 207 to emil light by a power supply

voltage
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Fig.4
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PIXEL CIRCUIT, DRIVING METHOD
THEREOF, AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a field of display
technology, in particular to a pixel circuit, a driving method
thereof, and a display device.

BACKGROUND

[0002] An Organic Light Emitting Diode (OLED) is a cur-
rent-driven self-luminous type device, and for its unique char-
acteristics such as self-illumination, fast response, wide
viewing angle and the capability of being manufactured on a
flexible substrate, an organic light-emitting display device
based on the OLED is expected to become the mainstream in
the field of display technology in the next years.

[0003] Each of display units on an organic light-emitting
display device comprises an OLED, and the organic light-
emitting display device can be divided into an active organic
light-emitting display device and a passive organic light-
emitting display device, wherein the active organic light-
emitting display devicerefers to a display device in which, for
each OLED, the current flowing through the OLED is con-
trolled by a Thin Film Transistor (TFT) circuit, and the OLED
and the TFT circuit for controlling the OLED constitute a
pixel circuit.

[0004] A typical pixel circuit is illustrated in FIG. 1 and the
pixel circuit comprises 2 TFTs, 1 capacitor and 1 OLED,
wherein a switch transistor T2 transmits a data voltage on a
data line to a gate of a driving transistor T1, and the driving
transistor T1 converts the data voltage to a corresponding
current for supplying to the OLED, wherein the current can be
represented as follows:

-(Vgs - Vih)* W

lorgp = b Cox-

1 W 2
= Epn -Cox- I -(Vdata — Voled — Vih)

[0005] wherein V,, represents a potential difference
between the gate and a source of the driving transistor
T1, p, represents a carrier mobility, Cox represents a
capacitance of gate-insulating layer, W/L represents a
ratio of width to length of channel of the driving transis-
torT1,V,,,, represents the data voltage. V,_, represents
an operating voltage of the OLED, and V ,, represents a
threshold voltage of the driving transistor T1. It can seen
from the above equation that there is variation in cut-
rents flowing through the OLED:s if V,,, varies in differ-
ent pixel units or V,, drifts with time, thus affecting the
display effect; further, the OLEDs have different oper-
ating voltages due to the ununiformity of OLEDs, which
in turn results in variation in currents flowing through
the OLED:s.

SUMMARY

[0006] In embodiments of the present disclosure, there is
provided a pixel circuit, a driving method thereof, and a
display device, which can effectively compensate variation in
currents due to the ununiformity and drifts in the threshold
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voltages of the driving Thin Film Transistors as well as the
ununiformity of OLEDs, thus enhancing display quality of
the display device.

[0007] According to one aspect of the present disclosure,
there is provided a pixel circuit comprising:

[0008] a light-emitting element;

[0009] a driving Thin Film Transistor (TFT) for driving
the light-emitting element;

[0010] afirst TFT having a source connected to a refer-
ence voltage terminal, a drain connected to a gate of the
driving TFT, and a gate for receiving a first control
signal;

[0011] a second TFT having a gate for receiving a first
scan signal, a drain connected to a source of the driving
TFT, and a source for receiving a data voltage signal,

[0012] athird TFT having a gate for receiving a second
scan signal, a source connected to a drain of the driving
TFT, and a drain connected to the light-emitting ele-
ment;

[0013] afourth TFT having a gate for receiving the first
scan signal, a source connected to the gate of the driving
TFT, and a drain connected to the drain of the driving
TFT;

[0014] afifth TFT having a gate for receiving the second
scan signal, a source connected to a power supply volt-
age terminal, and a drain connected to the source of the
driving TFT;

[0015] a capacitor having one terminal connected to a
first node A, and the other terminal connected to a sec-
ond node B, wherein the first node A is a connection
point where the drain of the first TFT and the gate of the
driving TFT are connected, and the second node B is
connected to the reference voltage terminal.

[0016] Optionally, the first, second, third, fourth, and fifth
TFTs and the driving transistor are all P type Thin Film
Transistors.

[0017] Optionally, the light-emitting element is an Organic
Light-Emitting Diode.

[0018] According to another aspect of the present disclo-
sure, there is further provided a display device having any of
the pixel circuits described as above arranged therein.
[0019] According to still another aspect of the present dis-
closure, there is further provided a driving method applicable
to the pixel circuit as above comprising:

[0020] inaresetting phase, turning on the first TFT under
a control of a first control signal, discharging electric
charges stored at the first node A via the first TFT,
resetting a voltage signal at the gate of the driving TFT
so as turn on the driving TFT, and turning off the second
TFT, the third TFT, the fourth TFT and the fifth TFT;

[0021] in a compensating phase, turning on the second
TFT and the fourth TFT under a control of a first scan
signal, making the driving TFT continue to be turned on,
wherein since the fourth TFT is turned on, the gate and
the drain of the driving TFT are connected electrically;
charging the first node A by a data signal via the driving
TFT, so that a voltage at the node A rises; and turning off
the first TFT, the third TFT and the fifth TFT; and

[0022] ina maintaining light-emission phase, turning on
the third TFT and the fifth TFT under a control of the
second scan signal, keeping the voltage at the gate of the
driving TFT unchanged by the capacitor, and making the
driving TFT continue to be turned on, and driving the
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OLED to emit light by a power supply voltage; and

turning off the first TFT, the second TFT and the fourth

TFT.
[0023] In the pixel circuit, the driving method thereof and
the display device provided in the embodiments of the present
disclosure, one terminal of the capacitor is connected to the
gate of the driving TFT (the first node), and the other terminal
of the capacitor is connected to the reference voltage termi-
nal;the fifth TFT is controlled so that the source of the driving
TFT receives the power supply voltage, and the third TFT is
controlled so that the drain of the driving TFT is connected to
the light-emitting element. The process for displaying each
frame of image includes three phases, i.e., the resetting phase,
the compensating phase, and the maintaining light-emission
phase. In the resetting phase, the first TFT is turned on, the
electric charges stored at the first node is discharged, so that
the voltage at the first node is pulled down and thus the driving
TFT is turned on; in the compensating phase, the second and
fourth TFTs are turned on, and the gate and the source or drain
of the driving TFT are connected electrically, so that the
voltage at the first node contains information on the threshold
voltage of the driving TFT; in the maintaining light-emission
phase, the third and fifth TFTs are turned on, the voltage at the
gate of the driving TFT remains unchanged, and the power
supply signal drives the light-emitting element to emit light,
wherein the current through the light-emitting element is
independent of the threshold voltage of the driving TFT and
the voltage across the light-emitting element. Thus, variation
in currents due to the ununiformity and drift of the threshold
voltages of the driving TFTs as well as the ununiformity of
OLEDs can be compensated effectively, thus enhancing the
display quality of the display device; at the same time, TFTs
of the same type are adopted in the pixel circuit so as to not
only ensure that no current flows through the OLED during all
the non-light-emission periods, but also improve a life span of
the OLED.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In following description, the features and advan-
tages of the embodiments of the present disclosure will be
more apparent in connection with the accompanying draw-
ings. In the whole drawings, the same content is denoted with
the same reference number, wherein,

[0025] FIG.1isaschematic diagram showing a structure of
a pixel circuit in the prior art;

[0026] FIG. 2 is a schematic diagram showing a pixel cir-
cuit provided in an embodiment of the present disclosure;
[0027] FIG.3isatiming control diagram of the pixel circuit
in an embodiment of the present disclosure;

[0028] FIG.4isaflowchart of a driving method of the pixel
circuit in an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] In embodiments of the present disclosure, there is
provided a pixel circuit, a driving method thereof, and a
display device, which can effectively compensate variation in
currents due to the ununiformity and drift of the threshold
voltages of driving Thin Film Transistors as well as the ununi-
formity in OLEDs, thus enhancing the display quality of the
display device; at the same time, TFTs of a same type are
adopted in the pixel circuit so as to not only ensure that no
current flows through the OLED during all the non-light-
emission periods, but also improve the life span of the OLED.
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[0030] Hereinafter, the embodiments of the present disclo-
sure will be described in detail with reference to the accom-
panying drawings. The specific embodiments as described
herein are only for illustrating some aspects of the present
disclosure, and are not intended to limit the protection scope
of the present disclosure in any way.

[0031] It should be noted that there is no clear distinction
between a drain and a source of a transistor used in the field of
Liquid Crystal Display technology, and thus a source of a
transistor described in the embodiments of the present disclo-
sure can serve as a drain of the transistor, and a drain of a
transistor described in the embodiments of the present disclo-
sure can serve as a source of the transistor.

[0032] A pixel circuit provided in an embodiment of the
present disclosure is as shown in FIG. 2 and comprises:

[0033] a light-emitting element 207,

[0034] adriving Thin Film Transistor (TFT) 200 for driv-
ing the light-emitting element 207,

[0035] a first TFT 201 having a source connected to a
reference voltage terminal, a drain connected to a gate of
the driving TFT 200, and a gate for receiving a first
control signal EM;

[0036] a second TFT 202 having a gate for receiving a
first scan signal Vscan1, a drain connected to a source of
the driving TFT 200, and a source for receiving a data
voltage signal V_, ;

[0037] a third TFT 203 having a gate for receiving a
second scan signal Vscan2, a source connected to a drain
of the driving TFT 200, and a drain connected to the
light-emitting element;

[0038] afourth TFT 204 having a source connected to the
gate of the driving TFT 200, a drain connected to the
drain of the driving TFT 200, and a gate for receiving the
first scan signal Vscanl,

[0039] a fifth TFT 205 having a gate for receiving the sec-
ond scan signal Vscan2, asource connected to a power supply
voltage terminal for receiving a power supply voltage V
and a drain connected to the source of the driving TFT 200;

[0040] acapacitor 206 having one terminal connected to
a first node A, and the other terminal connected to a
second node B, wherein the first node A is a connection
point where the drain of the first TFT 201 and the gate of
the driving TFT 200 are connected, and the second node
B is connected to the reference voltage terminal.

[0041] The above pixel circuit comprises 5 TFTs and 1
capacitor, wherein the 5 TFTs (T1~T5) are all P type TFT's for
facilitating manufacture. Preferably, except the driving TFT,
all TFTs adopt P type TFTs having a same structure and a
same size. Optionally, the light-emitting element 207 is an
Organic Light-Emitting Diode (OLED).

[0042] The pixel circuit provided in the embodiment of the
present disclosure can effectively compensate variation in
currents due to the ununiformity and drift of the threshold
voltages of the driving TFTs as well as the ununiformity of
OLEDs (the details of the operational principle are as fol-
lows), thus enhancing the display quality of the display
device; at the same time, TFTs of the same type are adopted
in the pixel circuit so as to not only ensure that no current
flows through the OLED during all the non-light-emission
periods, but also improve the life span of the OLED.

[0043] Transistors employed in the pixel circuit shown in
FIG. 2 are all P type TFTs, and a timing control of the pixel
circuit is illustrated schematically in FIG. 3, wherein the
process for displaying each frame of image includes three
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phases of resetting (I), compensating (II) and maintaining
light-emission (III), and as shown in FIG. 3, particularly
comprises the following steps or phases.

[0044] Instep 101, i.e., in a resetting phase (1), a first scan
signal Vscanl and a second scan signal Vscan2 are at a high
level, and a first control signal EM is at alow level, so that the
first TFT 201 is turned on under a control of the first control
signal EM, electric charges stored at the first node A are
discharged via the first TFT 201, a voltage signal at the gate of
the driving TFT 200 is reset and the driving TFT 200 is turned
on, and the second TFT 202, the third TFT 203, the fourth
TFT 204 and the fifth TFT 205 are turned off under the control
of the first scan signal Vscanl and the second scan signal
Vscan2.

[0045] In summary, in the resetting phase (I), among the
five P type TFTs, except that the first TFT 201 is turned on,
other TFTs in five P type TFTs, i.e., TFTs 202-205 are turned
off, the electric charges stored at the first node A are dis-
charged via the first TFT 201, the voltage signal at the gate of
the driving TFT 200 is reset and the driving TFT 200 is turned
on.

[0046] In step 102, i.e., in a compensating phase(Il), the
first scan signal Vscanl is at a low level, the second scan
signal Vscan?2 is ata high level, and the first control signal EM
is at a high level, so that the second TFT 202 and the fourth
TFT 204 are turned on under a control of the first scan signal
Vscanl, the driving TFT 200 continues to be turned on; since
the fourth TFT 204 is turned on, the gate and the drain of the
driving TFT 200 are connected electrically, the first node A is
charged by a data signal V,_, viathe driving TFT 200, so that
the voltage at the node A rises; the first TFT 201, the third TFT
203 and the fifth TFT 205 are turned off under the control of
the second scan signal Vscan 2 and the first control signal EM.

[0047] In summary, in the compensating phase (II), the
second TFT 202 and the fourth TFT 204 are turned on, the
first TET 201, the third TET 203 and the fifth TFT 205 are
turned off, and the driving TFT 200 continues to be turned on;
since the fourth TFT 204 is turned on, the gate and the drain
of the driving TFT 200 are connected electrically, the first
node A is charged by the data signal vV, ,, via the driving TFT
200, so that the voltage at the node A rises until the voltage at
the node A is equal to V. .~V ,,. At the end of the compen-
sating phase (II), the quantity of the electric charges Q on the
capacitor 206 is equal to:

0=C (Vo= V)= (Vrgrt Vi Vgara) @

[0048] wherein, V, represents the voltage at the first
node A at this time, and is equal to V ,,,,—V ,,,; V, repre-
sents the voltage at the second node B at this time, and is
equal to the voltage V.- at the reference voltage termi-
nal; in the embodiments of the present disclosure, the
reference voltage terminal is grounded, and the voltage
Vrerisequal to 0.

[0049] In step 103, i.e., in a maintaining light-emission
phase (III), the first scan signal Vscanl is at a high level, the
second scan signal Vscan2 is at a low level, and the first
control signal EM is at a high level, so that the third TFT 203
and the fifth TFT 205 are turned on under a control of the
second scan signal Vscan2; the capacitor 206 keeps the volt-
age at the gate of the driving TFT 200 unchanged, and the
driving TFT 200 continues to be turned on, and the OLED is
driven to emit light by a power supply voltage V ;;; the first

Jun. 26,2014

TFT 201, the second TFT 202 and the fourth TFT 204 are
turned off under the control of the first scan signal Vscan 1 and
the first control signal EM.

[0050] In summary, in the maintaining light-emission
phase, the third TFT 203 and the fifth TFT 205 are turned on,
the first TFT 201, the second TFT 202 and the fourth TFT 204
are turned off; the capacitor 206 keeps the voltage at the gate
of the driving TFT 200 still equal to V ,,,-V ,;,, and the volt-
age at the source of the driving TFT 200 is equal to the power
supply voltage V ,;; in order to ensure that the driving TFT
200 is turned on during the maintaining light-emission phase,
the power supply voltage V ;, is designed to be less than the
data signal voltage V.., and the OLED is driven to emit light
by the power supply voltage V ;.

Ve Vo Ve Vart Vo Vasa ©)

[0051] The gate-source voltage of the driving TFT 200
remains atV ;;, .~V ;... and at this time the current through
the driving TFT 200 is as follows:

1 w ,
lorep = 5 Hne Cox- I [Vaz = Vigra + Vi — Vi)

1

w
=§'#n'C0x'—'(Vdd

L — Vtara )2

[0052] It can be known from the above equation that the
current through the driving TFT 200 has a relation to the
power supply voltage V ,, and the data voltage V., and is
independent of the threshold voltage V ;.. Thus, the effects of
the ununiformity and drift of the threshold voltages of the
driving TFTs as well as the ununiformity of the electrical
characteristics of the OLEDs can be eliminated.

[0053] According to the embodiments of the present dis-
closure, there is further provided a display device having any
of the pixel circuits described as above arranged therein.
Since the pixel circuit can effectively compensate variation in
currents due to the ununiformity and drift of the threshold
voltages of the driving TFTs as well as the ununiformity of
OLED:s, the display device provide in the embodiment of the
present disclosure have advantages such as uniform bright-
ness and better display quality.

[0054] Thedisplay device can be an OLED panel, a mobile
phone, a tablet computer, a television set, a display, a note-
book computer, a digital photo frame, a navigator, and any
product or means having a display function.

[0055] The technical features in the embodiments of the
present disclosure can be combined with each other in any
way in a case where there is no confliction therebetween.
[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 from the spirit and scope of the present disclosure as
defined by the following claims. Such variations and modifi-
cations are intended to be included within the spirit and scope
of the present disclosure.

What is claimed is:

1. A pixel circuit comprising:

a light-emitting element;

a driving Thin Film Transistor TFT for driving the light-
emitting element;
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afirst TFT having a source connected to a reference voltage
terminal, a drain connected to a gate of the driving TFT,
and a gate for receiving a first control signal;

asecond TFT having a gate for receiving a first scan signal,
a drain connected to a source of the driving TFT, and a
source for receiving a data voltage signal,

a third TFT having a gate for receiving a second scan
signal, a source connected to a drain of the driving TFT,
and a drain connected to the light-emitting element;

a fourth TFT having a gate for receiving the first scan
signal, a source connected to the gate of the driving TFT,
and a drain connected to the drain of the driving TFT;

a fifth TFT having a gate for receiving the second scan
signal, a source connected to a power supply voltage
terminal, and a drain connected to the source of the
driving TFT;

acapacitor having one terminal connected to a first node A,
and the other terminal connected to a second node B,
wherein the first node A is a connection point where the
drain of the first TFT is connected to the gate of the
driving TFT, and the second node B is connected to the
reference voltage terminal.

2. The pixel circuit of claim 1, wherein the first TFT, the
second TFT, the third TFT, the fourth TFT, and the fifth TFT
and the driving TFT are all P type Thin Film Transistors.

3. The pixel circuit of claim 2, wherein the power supply
voltage terminal supplies a positive power supply voltage, the
positive power supply voltage is higher than a reference volt-
age at the reference voltage terminal, and a data voltage of the
data voltage signal is lower than the positive power supply
voltage.

4. The pixel circuit of claim 2, wherein an anode of the
light-emitting element is connected to the drain of the third
TFT, and a cathode of the light-emitting element is connected
to the reference voltage terminal.

5. A display device having the pixel circuit of claim 1
arranged therein.

6. The display device of claim 5, wherein the first TFT, the
second TFT, the third TFT, the fourth TFT, and the fifth TFT
and the driving TFT are all P type Thin Film Transistors;

the power supply voltage terminal supplies a positive
power supply voltage, the positive power supply voltage
is higher than a reference voltage at the reference voltage
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terminal, and a data voltage of the data voltage signal is
lower than the positive power supply voltage.

7. The display device of claim 6, wherein, in the pixel unit,
an anode of the light-emitting element is connected to the
drain of the third TFT, and a cathode of the light-emitting
element is connected to the reference voltage terminal.

8. A driving method applicable to the pixel circuit of claim
1, comprising:

in aresetting phase, turning on the first TFT under a control

of a first control signal, discharging electric charges
stored at the first node via the first TFT, resetting a
voltage signal at the gate of the driving TFT so as turn on
the driving TFT, and turning off the second TFT, the
third TFT, the fourth TFT and the fifth TFT;

in a compensating phase, turning on the second TFT and

the fourth TFT under a control of a first scan signal,
making the driving TFT continue to be turned on,
wherein since the fourth TFT is turned on, the gate and
the drain of the driving TFT are connected electrically;
charging the first node by a data signal via the driving
TFT, so that a voltage at the node rises; and turning off
the first TFT, the third TFT and the fifth TFT; and

in a maintaining light-emission phase, turning on the third

TFT and the fifth TFT under a control of a second scan
signal, keeping the voltage at the gate of the driving TFT
unchanged by the capacitor, and making the driving TFT
continue to be turned on, and driving the OLED to emit
light by a power supply voltage; and turning off the first
TFT, the second TFT and the fourth TFT.

9. The driving method of claim 8, wherein the first TF T, the
second TFT, the third TFT, the fourth TFT, and the fifth TFT
and the driving TFT are all P type Thin Film Transistors;

the power supply voltage terminal supplies a positive

power supply voltage, the positive power supply voltage
is higher than a reference voltage at the reference voltage
terminal, and a data voltage of the data voltage signal is
lower than the positive power supply voltage.

10. The driving method of claim 9, wherein, in the pixel
circuit, an anode of the light-emitting element is connected to
the drain of the third TFT, and a cathode of the light-emitting
element is connected to the reference voltage terminal.
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