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(57) ABSTRACT

A pixel unit driving circuit provides a method for driving a
pixel unit for operating a display device. The circuit com-
prises four TFT transistors and two capacitors. The display
process is divided into three processes, which are a pre-
charging phase, a compensation phase and a display phase. As
compared with the conventional pixel structure, the nonuni-
formity and the shift of the threshold voltage of the depleted
TFT or the enhanced TFT driving transistor, and the nonuni-
formity of the OLED voltage may be effectively compen-
sated.
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PIXEL UNIT DRIVING CIRCUIT, METHOD
FOR DRIVING PIXEL UNIT DRIVING
CIRCUIT AND DISPLAY DEVICE

CROSS REFERENCE OF RELATED
APPLICATIONS

The present application is based on and claims the benefit
of priority of Chinese Patent Application No.
201210528323.9 filed on Dec. 10, 2012, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a circuit structure of a liquid
crystal display device, and more particularly to a pixel unit
driving circuit, a driving method and a display device.

2. Description of the Prior Art

An Organic Light Emitting Diode (OLED) is increasingly
applied in a high performance display device as a current
mode light emitting device. Since a conventional passive
matrix OLED needs shorter driving time for an individual
pixel as the display size is increased, a large transient current
and a large power consumption are required. Meanwhile,
applying a large current will result in a too large voltage drop
on an Indium Tin Oxide (ITO) line, and the operation voltage
of OLED is too high, its efficiency is decreased. An Active
Matrix OLED (AMOLED) progressively scans inputted
OLED current through a switch transistor so that above men-
tioned problems are solved.

In the design of an AMOLED back panel, the main prob-
lem needs to be solved is that brightness between pixels is not
uniform.

Firstly, AMOLED builds up a pixel circuit by using a Thin
Film Transistor (TFT) so as to provide corresponding current
for an OLED device, for example by using a low temperature
poly-silicon thin film transistor (LTPS TFT) or an oxide TFT.
As compared with a general Amorphous Silicon TFT (a-Si
TFT), LTPS TFT and Oxide TFT have the characteristics of
having a higher migration rate and being more stable, which
are more suitable for AMOLED display. However, since a
crystallization process has its limitations, LTPS TFT manu-
factured in a large area of a glass substrate has nonuniform
electrical characteristics, such as a threshold voltage and a
migration rate. Such nonuniformity will result in current dif-
ference and brightness difference of an OLED display device
which will be sensed by human eyes, that is a mura phenom-
ena. Although the process of Oxide TFT has a good unifor-
mity, like a-Si TFT, its threshold voltage will shift under
pressure and high temperature for a long time. Since display
pictures are different, the amounts of shift on the threshold
values of TFTs on each part of the panel are different, which
will result in differences in display brightness. Since such
difference is related to the pictures that shown previously, a
ghost phenomena will exhibit.

Secondly, in an application of displaying in a large size,
since the power line of the back panel has a certain resistance,
the power voltage close to ARVDD power supply position is
higher than the power voltage away from the power supply
position, which is called IR Drop. IR Drop will result in
differences in current in different areas which leads to the
mura is generated during the displaying.

AMOLED may be divided into three modes based on driv-
ing types: a digital mode, a current mode and a voltage mode.
The driving in the voltage mode has the advantages of a fast
driving speed and a simple implementation. The voltage
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mode is suitable for driving a large size panel, but additional
TFTs and capacitors are required to compensate the nonuni-
formity of TFTs, the nonuniformity of IR Drop and OLED.
FIG. 1 is a traditional voltage driving mode pixel circuit
structure composed of two TFTs and one capacitor (2T1C).
Wherein, a switch transistor T2 transmits the voltage in a data
line to the gate electrode of a driving transistor T1, the driving
transistor T1 transfers the data voltage into the corresponding
current to provide power to the OLED device. During a nor-
mal operation, the driving transistor T1 is in the saturation
region and provides a constant current during the time for
scanning one line. The current can be represented as:

1 w )
Torep = E/tn -Cox- I -(Vdata - Voled — Vth)

Wherein, p,, is a carrier mobility, C,y 1s a gate oxide
capacitance, W/L is a width to length ratio of the transistor,
Vdata is the voltage in the data line, Voled is the operating
voltage of OLED shared by all pixel units, Vthis the threshold
voltage of the transistor, for an enhanced TFT, Vth is a posi-
tive value and for a depleted TFT, Vth is a negative value. As
shown in the above equation, if different pixel units have
different Vths, their currents are different. If Vth of a pixel is
shifted over time, the current may changed over time and
ghosting may be caused. Since the nonuniformity of the
OLED devices causes that work voltages of OLEDs are dif-
ferent, which also causes current differences.

There are many kinds of pixel structures which aim to
compensate the nonuniformity of Vth and the shift, and non-
uniformity of OLED. Such structures are commonly imple-
mented by connecting TFTs by diodes as shown in FIGS. 2-3.
However, such structures are only suitable for the enhanced
TFTs, the voltage stored in a depleted TFT does not have the
voltage information of Vth which leads to the nonuniformity
of Vth cannot be compensated.

SUMMARY OF THE INVENTION

The technical problem to be solved by the embodiment of
the present invention is to provide a pixel unit driving circuit,
a driving method and a display device, which can effectively
compensate the nonuniformity and the shift of the threshold
voltage of a N type depleted TFT driving transistor or an
enhanced TFT driving transistor, and the nonuniformity of
the OLED voltage, as well as improves the display effect.

In order to solve the above technical problem, the embodi-
ment of the present invention provides a pixel unit driving
circuit, used for driving OLED, characterized in, comprising:

afirst transistor, a second transistor, a third transistor and a
fourth transistor, a first capacitor and a second capacitor;
wherein,

a gate electrode of the first transistor is connected to a drain
electrode of the second transistor; a source electrode of the
first transistor is connected to a first terminal of the second
capacitor, a drain electrode of the fourth transistor and the
OLED respectively; a drain electrode of the first transistor is
connected to a high level output terminal;

a gate electrode of the second transistor is connected to a
first control line, a source electrode of the second transistor is
connected to a data line, a drain electrode of the second
transistor is connected to the gate electrode of the first tran-
sistor;

a gate electrode of the third transistor is connected to a
second control line, a source electrode of the third transistor is
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connected to a reference voltage input terminal, a drain elec-
trode of the third transistor is connected to the gate electrode
of the first transistor;

a gate electrode of the fourth transistor is connected to the
first control line, a source electrode of the fourth transistor is
connected to an initial voltage input terminal, a drain elec-
trode of the fourth transistor is connected to the first terminal
of the second capacitor,

a second terminal of the second capacitor is connected to a
first terminal of the first capacitor, a second terminal of the
first capacitor is connected to the gate electrode of the first
transistor and the drain electrode of the second transistor;

the reference voltage input terminal is further connected to
the first terminal of the first capacitor and the second terminal
of the second capacitor.

Wherein, the first control line is a first gate scanning signal
control line and the second control line is a second gate
scanning signal control line,

during a pixel charging phase, the first control line is at high
level, the second control line is at low level;

during a pixel compensation phase, the first control line
and the second control line are both at low level;

during a phase of driving OLED to emit light, the first
control line is at low level and the second control line is at high
level.

Wherein, the first transistor, the second transistor, the third
transistor and the fourth transistor are all N type thin film
transistors.

Wherein, the first transistor, the second transistor, the third
transistor and the fourth transistor are all depleted thin film
transistors.

The embodiment of the present invention further provides
a method for driving the pixel unit driving circuit, compris-
ing:

apixel charging step, wherein, the first control line controls
the second transistor and the fourth transistor to be on, the
second control line controls a third transistor to be off, the
data line charges the first capacitor through the second tran-
sistor which is on and makes the first transistor on, the initial
voltage input terminal charges the second capacitor through
the fourth transistor which is on;

a pixel compensation step, wherein, the first control line
controls the second transistor and the fourth transistor to be
off, the second control line controls the third transistor to be
off, the high level output terminal of the power supply charges
the second capacitor through the first transistor turned on in
the pixel charging step, until the voltage at the first terminal of
the second capacitor is V,,,—Vth, wherein V., 1s a volt-
age signal of the data line and Vth is a threshold voltage of the
first transistor;

a step of driving OLED to emit light, wherein, the first
control line controls the second transistor and the fourth tran-
sistor to be off, the second control line controls the third
transistor to be on, the reference voltage input terminal
charges the first capacitor through the third transistor which is
on, until the voltage at the second terminal of the first capaci-
tor equals to the voltage of the reference voltage input termi-
nal, and OLED is driven to emit light through the first tran-
sistor which is on.

Wherein, the first control line is a first gate scanning signal
control line and the second control line is a second gate
scanning signal control line;

during a pixel charging phase, the first control line is at high
level, the second control line is at low level;

during a pixel compensation phase, the first control line
and the second control line are both at the low level;
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during a phase of driving OLED to emit light, the first
control line is at the low level and the second control line is at
the high level.

The embodiment of the present invention further provides
adisplay device, comprising OLED and the pixel unit driving
circuit mentioned above; the source electrode of the first
transistor included in the pixel unit driving circuit is con-
nected to anode of the OLED, a cathode of the OLED is
connected to the ground.

The above technical solutions according the present inven-
tion bring out the technical effect as follows.

In the above solutions, a pixel unit driving circuit compris-
ing four transistors and two capacitors is adopted. The non-
uniformity and the shift of the threshold voltage of N type
depleted TFT or enhanced TFT driving transistor, and the
nonuniformity of the OLED voltage may be effectively com-
pensated, and the display effect may be improved. Therefore,
such circuit has a wider applicability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic diagram illustrating a voltage driving
mode pixel circuit composed of two TFT transistors and one
capacitor in the prior art;

FIG. 2 is a diagram showing a compensation pixel circuit
structure with an enhanced TFT transistor in the prior art;

FIG. 3 is a diagram showing a compensation pixel circuit
structure with a depleted TFT transistor in the prior art;

FIG. 4 is a schematic diagram showing the structure of a
pixel unit driving circuit according to the embodiment of the
present invention;

FIG. 5 1s a schematic diagram illustrating a pulse time
sequence of a first control line and a second control line of the
circuit shown in FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In order to clearly set forth the aim, technical solutions and
advantages of embodiments of the present disclosure, the
embodiments of the present disclosure are further described
in conjunction with drawings and embodiments.

As shown in FIG. 4, an embodiment of the present inven-
tion provides a pixel unit driving circuit, used for driving
OLED, comprises: a first transistor T1, asecond transistor T2,
athird transistor T3 and a fourth transistor T4, a first capacitor
C1 and a second capacitor C2; wherein,

The gate electrode of the first transistor T1 is connected to
the drain electrode of the second transistor T2. The source
electrode of the first transistor T1 is connected to a first
terminal J3 of the second capacitor C2, the drain electrode of
the fourth transistor T4 and the anode of the OLED (a device
shown as D1 in FIG. 1) respectively. The cathode of the
OLED is connected to the grounded terminal ELVSS; the
drain electrode of the first transistor T1 is connected to a high
level output terminal ELVDD of the power supply.

The gate electrode of the second transistor T2 is connected
to a first control line SCAN (n). The source electrode of the
second transistor T2 is connected to a data line DATA. The
drain electrode of the second transistor T2 is connected to the
gate electrode of the first transistor T1, wherein n is a positive
integer, which indicates the number of a control signal.

The gate electrode of the third transistor T3 is connected to
a second control line SCAN (n+2). The source electrode of
the third transistor T3 is connected to a reference voltage
input terminal VREF. The drain electrode of the third transis-
tor T3 is connected to the gate electrode of the first transistor
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T1 and the drain electrode of the second transistor T2,
wherein the reference voltage is at a DC level.

The gate electrode of the fourth transistor T4 is connected
to the first control line SCAN (n). The source electrode of the
fourth transistor T4 is connected to an initial voltage input
terminal VINIT. The drain electrode of the fourth transistor
T4 is connected to the first terminal I3 of the second capacitor
C2 and the source electrode of the first transistor T1. Wherein,
the initial voltage is an initial voltage used in compensation
reset, and is a constant DC level value.

The second terminal J2 of the second capacitor C2 is con-
nected to the first terminal of the first capacitor at the node of
12, the second terminal J1 of the first capacitor C1 is con-
nected to the gate electrode of the first transistor T1 and the
drain electrode of the second transistor T2.

The reference voltage input terminal VREF is also con-
nected to the first terminal of the first capacitor C1 and the
second terminal of the second capacitor C2 at the node of J2.

As shown in FIG. 5, the process of the transistor circuit if
divided into three phases over time, which are period t1:
pre-charging phase for the pixels, period t2: compensation
phase, period t3: light emitting and display phase. Wherein,
the first control line SCAN (n) is a first gate scanning signal
control line, and its pulse signal is: at a high level during a
time period of t1, a low level during a time period of t2, and a
low level during a time period of t3.

The second control line SCAN (n+2) is a second gate
scanning signal control line, and its pulse signal is: at a low
level during the period t1, a low level during the period t2, and
a high level during the period t3.

Furthermore, in the embodiment of the present invention,
the first transistor T1, the second transistor T2, the third
transistor T3 and the fourth transistor T4 are all N type thin
film transistors, which are used only for illustrative purpose.

In the above embodiments, the operation procedure of the
circuit, which is composed of the N type TFT transistors
T1-T4 and the storage capacitors C1, C2, is as follows. SCAN
[n] and SCAN[n+2] are line scanning control lines. The sig-
nal control sequence is shown in FIG. 5.

The first phase is a pre-charging phase, which aims to
pre-charge the source terminal J3 of the TFT T1 and the node
of J1. As shown in FIGS. 4 and 5, the control signal SCAN [n]
is at a switch level VGH (a high level), SCAN [n+2] is at a
switch level VGL (a low level), at this time, T2 and T4 are on
and T3 is off. The level in the DATA line is charged into the
second terminal (that is node J1) of the first capacitor C1, the
first terminal J3 of the second capacitor C2 is charged as
VINIT level, the second terminal of the second capacitor C2
or the first terminal of the first capacitor C1, that is the nod of
J2 is at a level of VREF. VINIT level is low enough so that
OLED will not emit light and T1 is on. Capacitors C1 and C2
are used to store charge so as to keep the level of the node
stable.

The second phase is a compensation phase. As shown in
FIGS. 4-5, in this phase, SCAN [n] is at a switch level VGL (a
low level), SCAN [n+2] is ata switch level VGL (a low level),
at this time, TFT T2, T3 and T4 are off. In this phase, the first
terminal J3 of the second capacitor C2 is charged by ELVDD
(ahigh level output terminal of the power supply) through T1
which is on, until the voltage is equal to V . ,,-,—Vth, wherein,
the V,,r, stands for the voltage value on the data line, Vth
stands for the threshold voltage of the transistor. When the
compensation phase is finished, voltage difference cross the
storage capacitor C2 is VREF-V . +Vth.

The third phase is a phase continuously emitting light. As
shown in FIGS. 4-5, in this phase, SCAN [n] is at a switch
level VGL (alow level), SCAN [n+2] is at a switch level VGH

10

15

20

25

30

40

45

50

60

65

6

(a high level), meanwhile, TFT T3 is on and TFT T2 and T4
are off. The second terminal of the first capacitor C1 (node J1)
is charged to be VREF. Because of the bootstrap effect of the
capacitor C2, the voltage VGS (the voltage between the gate
electrode and the source electrode of T1) becomes VREF-
(V pazs=Vth). At this time, the current passing through the
transistor T1 is:

1 W
loep = 5+t Cox- =+ [VREF = Vpspy + Vih= vih]?

1 w 2
=3 - Cox- T [VREF — Vparal

Wherein, p, is a carrier mobility, C,, 1s a gate oxide
capacitance, W/L is a width to length ratio of the transistor,
V 414 18 the voltage in the data line shared by all pixel units,
Vth is the threshold voltage of the transistor. As shown in the
aboveequation, the current passing though the transistor T1 is
independent of the threshold voltage thereof and the voltage
across the OLED, instead, it is only dependent on the differ-
ence between the voltage on the data line and reference volt-
age. Therefore, the effect caused by the nonuniformity and
the shift of the threshold voltage, and the nonuniformity of the
OLED electrical characteristics is eliminated.

By adopting the pixel circuit having such structure, for
either an enhanced TFT or a depleted TFT, the nonuniformity
and the shift of the threshold voltage of the n-type depleted
TFT or the enhanced TFT driving transistor, and the nonuni-
formity of the OLED may be effectively compensated, and
display effect may be improved.

The embodiment of the present invention further provides
a driving method for driving a pixel unit driving circuit,
comprises:

A pixel charging step, wherein, the first control line SCAN
(n) controls the second transistor T2 and the fourth transistor
T4 to be on, the second control line SCAN (n+2) controls the
third transistor T3 to be off, the data line DATA charges the
first capacitor C1 through the second transistor T2 which is
on, and makes the first transistor T1 on, the initial voltage
input terminal VINIT charges the second capacitor C2
through the fourth transistor T4 which is on;

A pixel compensation step, wherein, the first control line
SCAN (n) controls the second transistor T2 and the fourth
transistor T4 to be off, the second control line SCAN (n+2)
controls the third transistor T3 to be off, the high level output
terminal ELVDD of the power supply charges the second
capacitor C2 through the first transistor T1 which was turned
on in the pixel charging step, until the voltage in the first
terminal of the second capacitor C2 is V,,,—~Vth, wherein
V pars 18 the voltage signal from the data line and Vth is the
threshold voltage of the first transistor T1;

A step of driving OLED to emit light, wherein, the first
control line SCAN (n) controls the second transistor T2 and
the fourth transistor T4 to be off, the second control line
SCAN (n+2) controls the third transistor T3 to be on, the
reference voltage input terminal VREF charges the first
capacitor C1 through the third transistor T3 which is on, until
the voltage at the second terminal J2 of the first capacitor C1
is at the level of the reference voltage input terminal and
OLED is driven to emit light and display through the first
transistor T1 which is on.

Wherein, the first control line is the first gate scanning
signal control line and its pulse signal is at a high level during
the period t1, a low level during the period 12 and a low level
during the period t3.



US 9,214,506 B2

7

The second control line is the second gate scanning signal
control line and its pulse signal is: at a high level during the
period t1, a low level during the period t2 and a high level
during the period t3.

Wherein, the period tl is the pixel charging phase, the
period 2 is the pixel compensation phase and the period t3 is
the phase for driving OLED to emit light.

The embodiment of the present invention further provides
a display device, which comprises OLED and above men-
tioned pixel unit driving circuit. The source electrode of the
first transistor included in the pixel unit driving circuit is
connected to anode of the OLED. The cathode of the OLED
is connected to the ground ELVSS.

The display device according to the embodiment of the
present invention adopts the pixel circuit having such struc-
ture, for either an enhanced TFT or a depleted TFT, the
nonuniformity and the shift of the threshold voltage of n-type
depleted TFT or enhanced TFT driving transistor, and the
nonuniformity of the OLED may be effectively compensated,
and display effect may be improved.

The above mentioned are only the embodiments of the
present disclosure, which is not intended to limit the protec-
tion scope of the present disclosure. Thus any change, alter-
native, and modification within the spirit and principle of the
embodiment of the present disclosure should belong to the
scope of protected by the present disclosure.

What is claimed is:

1. A method for driving a pixel unit driving circuit which is
used for driving an Organic Light Emitting Diode (OLED)
and comprises: a first transistor, a second transistor, a third
transistor, a fourth transistor, a first capacitor and a second
capacitor; wherein, a gate electrode of the first transistor is
connected to a drain electrode of the second transistor, a
source electrode of the first transistor is connected to a first
terminal of the second capacitor, a drain electrode of the
fourth transistor and the OLED respectively, a drain electrode
of the first transistor is connected to a high level output
terminal of a power supply; a gate electrode of the second
transistor is connected to a first control line, a source elec-
trode of the second transistor is connected to a data line, a
drain electrode of the second transistor is connected to the
gate electrode of the first transistor; a gate electrode of the
third transistor is connected to a second control line, a source
electrode of the third transistor is directly connected to a
reference voltage input terminal, a drain electrode of the third
transistor is connected to the gate electrode of the first tran-
sistor; a gate electrode of the fourth transistor is connected to
the first control line, a source electrode of the fourth transistor
is connected to an initial voltage input terminal, a drain elec-
trode of the fourth transistor is connected to the first terminal
of the second capacitor; a second terminal of the second
capacitor is connected to a first terminal of the first capacitor,
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asecond terminal of the first capacitor is connected to the gate
electrode of the first transistor and the drain electrode of the
second transistor; the reference voltage input terminal is con-
nected to the first terminal of the first capacitor and the second
terminal of the second capacitor, wherein the method com-
prises: a pixel charging step, wherein, the first control line
controls the second transistor and the fourth transistor to be
on, the second control line controls the third transistor to be
off, the data line charges the first capacitor through the second
transistor which is on, and makes the first transistor on, the
initial voltage input terminal charges the second capacitor
through the fourth transistor which is on; a pixel compensa-
tion step, wherein, the first control line controls the second
transistor and the fourth transistor to be off, the second control
line controls the third transistor to be off, the high level output
terminal of the power supply charges the second capacitor
through the first transistor turned on in the pixel charging step,
until the voltage at the first terminal of the second capacitor is
VDATA-Vth, wherein VDATA is a voltage signal of the data
line and Vth is a threshold voltage of the first transistor; a step
of driving the OLED to emit light, wherein, the first control
line controls the second transistor and the fourth transistor to
be off, the second control line controls the third transistor to
be on, the reference voltage input terminal charges the first
capacitor through the third transistor which is on, until the
voltage at the second terminal of the first capacitor is at the
level of the reference voltage input terminal, and the OLED is
driven to emit light through the first transistor which is on.

2. The method according to claim 1, wherein,

the first control line is a first gate scanning signal control

line and the second control line is a second gate scanning
signal control line,

during a pixel charging phase, the first control line is at a

high level, the second control line is at a low level,
during a pixel compensation phase, the first control line
and the second control line are both at the low level;
during a phase for driving the OLED to emit light, the first
control line is at the low level and the second control line
is at the high level.

3. The method according to claim 1, wherein the first
transistor, the second transistor, the third transistor and the
fourth transistor are all N type thin film transistors.

4. The method according to claim 2, wherein the first
transistor, the second transistor, the third transistor, and the
fourth transistor are all N type thin film transistors.

5. The method according to claim 1, wherein the first
transistor, the second transistor, the third transistor and the
fourth transistor are all depleted thin film transistors.

6. The method according to claim 2, wherein the first
transistor, the second transistor, the third transistor and the
fourth transistor are all depleted thin film transistors.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap
GBREETRIHRE K WHGRLE ARG BEROFEZNERRE
US9214506 NIF(AEH)A 2015-12-15
US14/098786 RiEH 2013-12-06
RRABMEEARGERAF
RARBBHEERARD AR AL

RERARBEARHDERLF.

[ﬁ\]ﬁi‘ﬁﬂk XIE HONGJUN
KA XIE, HONGJUN
IPCo S G09G3/30 HO1L27/32 G09G3/32
CPCH k5 HO1L27/3265 G09G3/3233 G09G2300/0852 G09G2300/0861 G09G2300/0819
& 201210528323.9 2012-12-10 CN
H AN FF SRk US20140159609A1
SNERaE Espacenet USPTO
WEGE) ELVDD
BES T BRI A TR A TR S R E BN RESE TR S, 8%1
ZEEAENATFTRASNAANBEE, SRIES N/ R, B y
FALHE  MENBHEFNE. SEENGEETAL  TER S - iC
BIERRNTFTRABOTFTRD RUEWRELEGTYMAR i
%, WROLED®EM T, SeANIn] [ = 7 .
g2
VR’:EF PO g
J2 J3
SCANM[N] | [“Tél SZD‘I
YIMIT —

DATA ELVES


https://share-analytics.zhihuiya.com/view/469f2bca-24c9-44e5-8f0d-434c1e1cf50c
https://worldwide.espacenet.com/patent/search/family/047856681/publication/US9214506B2?q=US9214506B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9214506.PN.&OS=PN/9214506&RS=PN/9214506

