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VOLTAGE-DRIVEN PIXEL CIRCUIT,
DRIVING METHOD THEREOF AND DISPLAY
PANEL

BACKGROUND

The technique disclosed relates to a voltage-driven pixel
circuit, a driving method thereof and a display panel.

Organic Electroluminesence Display (OLED) has been
increasingly used in the display of high performance as a
current-type light emitting device. The traditional Passive
Matrix OLED requires shorter time for driving single pixel as
the display size increases, and thus requires increasing the
instant current which increases the power consumption. At
the same time, a large current may lead to a overlarge voltage
drop on the ITO line and make the operation voltage of OLED
too large, which reduces the efficiency thereof. While Active
Matrix OLED (AMOLED) can solve these problems well by
scanning input OLED currents progressively using a switch-
ing transistor.

In the designing of an AMOLED back plate, however, the
unevenness of luminance from pixel to pixel is a problem.

Firstly, AMOLED employs thin film transistors (TFT) to
construct a pixel circuit for providing a corresponding current
to the OLED device. Low Temperature Poly-silicon thin film
transistor (LTPS TFT) or Oxide thin film transistor (Oxide
TFT) is often used. The LTPS TFT and Oxide TFT have
higher mobility and more stable property and are more suit-
able for being applied to the display of AMOLED as com-
pared with the general amorphous silicon thin film transistor
(a-Si TFT). For the LTPS TFT made on a glass substrate of
large area, however, the unevenness in electrical parameters
such as a threshold voltage, a mobility or the like arises due to
the limitation of a crystallization process and will transform
to a current difference or a lightness difference of the OLED
display device that will be perceived by human eyes, i.e. a
mura phenomena. Although the process evenness of Oxide
TFT is better, the threshold voltage thereof will shift under a
long-time voltage and high temperature similarly to a-Si TFT,
and the shift amounts of the thresholds for the respective parts
of the panel will be different due to different display pictures,
which results in the difference in display lightness. Since such
a difference relates to the image displayed previously, it usu-
ally presents as an afterimage phenomena.

Secondly, in a display application of large size, as a power
supply line of a back plate has a certain resistance and driving
currents for all pixels are supplied by ARVDD, the supply
voltage in a region close to a supplying position of the
ARVDD power supply in the back plate is higher than that in
aregion far from the supplying position, which is referred to
as IR Drop. Since the voltage of ARVDD is associated with
the current, the IR Drop will cause the current differences in
different regions, and accordingly a mura occurs in display-
ing. A LTPS process, which constructs a pixel unit by using
P-Type TFTs, is especially sensitive to such a problem,
because the storage capacitance thereofis connected between
the ARVDD and a gate of TFT and thus a change of the
ARVDD voltage will affect the Vgs of the TFT transistor
directly.

Thirdly, the unevenness of the film thickness in vapor plat-
ing of the OLED device may cause the unevenness of elec-
trical performances. For an a-Si or Oxide TFT process con-
structing a pixel unit with N-Type TFTs, the storage
capacitance thereof is connected between a gate of a driving
TFT and an anode of OLED. When a data voltage is trans-
mitted to the gates, the Vgs voltages actually applied on the
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2

TFTs will be different if the anode voltages of the respective
pixels are different, thereby different driving currents results
in different display lightness.

AMOLED can be classified into three types of digital type,
current type and voltage type in terms of a driving type.
Among these types, a digital type driving method realizes
gray levels by using a TFT as a switch for controlling a driving
period without compensating for the unevenness. However,
an operating frequency thereof increases by folds as the dis-
play size increases, leading to a quite large power consump-
tion and reaching a physical limit of the design within a
certain range, and thus the digital type driving method is not
appropriate for the application of large size. A current type
driving method realizes gray levels by supplying currents of
different values to driving transistors directly, which may
compensate for the unevenness of TFT and for the IR Drop
well. However, in case of writing a low gray level signal,
charging a relative large parasitic capacitance on a data line
with small current results in a too long writing period, which
is especially serious and difficult to be addressed in the dis-
play of large size. Similar to the traditional AMLCD driving
method, a voltage type driving method provides a voltage
signal representing the gray level through a driving IC, the
voltage signal will be converted into a current signal of the
driving transistor inside the pixel circuit and thus the OLED is
driven to achieve a gray level for the lightness. Such a method
has advantages of fast driving speed, easy for implementa-
tion, and thus is suitable for driving panels of large size and is
used widely in the field. However, such a method requires
designing additional TFTs and capacitance devices for com-
pensating for the unevenness of TFT, the IR Drop and the
unevenness of OLED.

FIG. 1 shows a most traditional pixel circuit structure of
voltage-driven type formed by two TFT transistors and one
capacitance (2T1C). In this structure, a switching transistor
T2 transmits a voltage on a data line to a gate of a driving
transistor T1, which in turn converts this data voltage into a
corresponding current for supplying to an OLED device. Ina
normal operation, the driving transistor T1 shall be in a satu-
rated region and provides a constant current during a scanning
period for one line. The current can be expressed as:

1 w )
loLep = z/v(n'COX I (Vara — Voled = Vi)

wherein |1, is a carrier mobility, C,, 1s a capacitance of gate
oxide layer, W/L is a width to length ratio of the transistor,
Vdata is the data voltage, Voled is an operating voltage of the
OLED shared by all pixel units, and Vth is a threshold voltage
of the transistor T1. It can be seen from the above expression,
if Vth voltages for respective different pixel units are not the
same, the currents thereof differ from each other. If Vth of a
pixel shifts as time goes by, it may cause the previous and
subsequent currents different, resulting in afterimage. Fur-
thermore, since the unevenness of the OLED devices causes
the operating voltages of OLEDs different, it may render the
current difference.

There are many pixel structures directed to the unevenness
and shiftofV,, and the unevenness of the OLED. With respect
to a design for a back plate of large size and high resolution,
a pixel circuit structure of simple configuration and employ-
ing fewer elements is needed.

As for the structure in Reference Document [1] as show in
FIG. 2, it can compensate for the unevenness and shift of the
Vth of driving transistor T4 only, and fails to compensate for
the unevenness of OLED.
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As for the structure in Reference Document [2] as shown in
FIG. 3, it can compensate for the unevenness and shift of Vth
of driving transistor T1 and the unevenness of OLED, but
needs a complicated configuration formed by six TFTs and
one capacitance.

As for the structure in Reference Document [3] as shown in
FIG. 4, it can compensate for the unevenness and shift of
driving transistor T1 only, and fails to compensate for the
unevenness of OLED.

As for the structure in Reference Document [4] as shown in
FIG. 5, it can compensate for the effect from the unevenness
and shift of Vth and the unevenness of OLED, but needs
5T2C. for which a design of high opening rateis difficult to be
realize.

In a summary, in case of designing an AMOLED pixel
structure, the driving circuit can not solve the unevenness of
TFT, the IR Drop and the unevenness of OLED very well.

The Reference Documents are as follows.

[1] “A New a-Si:H Thin-Film Transistor Pixel Circuit for
Active-Matrix Organic Light-Emitting Diodes” IEEE
ELECTRON DEVICE LETTERS, VOL. 24, NO. 9, SEP-
TEMBER 2003.

[2] “A New a-Si:H TFT Pixel Circuit Compensating the
Threshold Voltage Shift of a-Si:H TFT and OLED for
Active Matrix OLED” IEEE ELECTRON DEVICE LET-
TERS, VOL. 26, NO. 12, DECEMBER 2005.

[3] “A New Pixel Circuit for Active Matrix Organic Light
Emitting Diodes” IEEE ELECTRON DEVICE LET-
TERS, VOL. 23, NO. 9, SEPTEMBER 2002.

[4] “Amorphous Oxide TFT Backplane for Large Size
AMOLED TVs” SID 2010.

SUMMARY

An embodiment of technical solutions disclosed herein
provides a voltage-driven pixel circuit, comprising a driving
transistor, a retaining transistor, a switching transistor, a com-
pensating transistor, a storage capacitance and an OLED
device,

a gate of the switching transistor is connected to a gate line,
asource thereof is connected to a data line, and a drain thereof
is connected to one end of the storage capacitance and a
source of the retaining transistor for controlling a writing ofa
voltage signal in the data line,

a gate of the retaining transistor is connected to a first
control signal line which is used to control a turn-on of the
retaining transistor, a drain of the retaining transistor is con-
nected to a gate of the driving transistor for retaining a gate
voltage of the driving transistor,

a gate of the compensating transistor is connected to a
second control signal line which is used to control a turn-on of
the compensating transistor, a source thereof is connected to
a drain of the driving transistor, and a drain thereof is con-
nected to the gate of the driving transistor,

a source of the driving transistor is connected to the other
end of the storage capacitance and an anode of the OLED
device for driving the OLED device,

the drain of the driving transistor and the source of the
compensating transistor are both connected to a first power
supply line,

a cathode of the OLED device is connected to a second
power supply line.

Another embodiment of the technical solutions disclosed
herein provides a method for driving the voltage-driven pixel
circuit mentioned above, comprising steps of:
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S1:turning on the driving transistor, the retaining transistor
and the switching transistor and reversely blocking the OLED
device so as to pre-charge the source of the driving transistor
to a low level;

S2: turning on the compensating transistor and turning off
the retaining transistor to pre-charge the storage capacitance
to a voltage used to compensate for a threshold voltage of the
driving transistor;

S3: turning off the switching transistor and the compensat-
ing transistor and turning on the retaining transistor and the
OLED device so as to retain the gate voltage of the driving
transistor and drive the OLED device to emit light with the
voltage stored in the storage capacitance.

Still another embodiment of the technical solutions dis-
closed herein provides a display panel including the voltage-
driven pixel circuit mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a structure of a prior
voltage-driven pixel circuit;

FIG. 2 isaschematic diagram of a structure of another prior
voltage-driven pixel circuit;

FIG. 3 isaschematic diagram of a structure of another prior
voltage-driven pixel circuit;

FIG. 4isaschematic diagram of a structure of another prior
voltage-driven pixel circuit;

FIG. 5isaschematic diagram of a structure of another prior
voltage-driven pixel circuit;

FIG. 6 is a schematic diagram of a structure of a voltage-
driven pixel circuit according to an embodiment of present
invention;

FIG. 7 shows a driving timing sequence of a method for
driving the voltage-driven pixel circuit shown in FIG. 6;

FIG. 8 is a schematic diagram of an equivalent circuit
structure for the voltage-driven pixel circuit in FIG. 6 being
operated according to the timing sequence shown in FI1G. 7,

FIG. 9 is a comparison graph showing simulation results of
compensating for the unevenness of the TFT threshold volt-
age between the voltage-driven pixel circuits shown in FIG. 6
and FIG. 1; and

FIG. 10 is a comparison graph showing simulation results
of compensating for the unevenness of the voltage of OLED
device between the voltage-driven pixel circuits shown in
FIG. 6 and FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The implementations of the present invention are further
described below in detail with reference to the drawings and
embodiments. The embodiments are illustrated for explain-
ing the present invention rather than for limiting the scope
thereof

As shown in FIG. 6, a voltage-driven pixel circuit includes
four TFT transistors (n-type), one capacitance and one OLED
device, which are driving transistor 1, retaining transistor 2,
switching transistor 3, compensating transistor 4, storage
capacitance 5 and OLED device 6, respectively. The OLED
device is equivalent to a parallel connection of a light emitting
diode and a capacitance C; -, in electrical performance.

A gate of the switching transistor 3 is connected to a gate
line SCAN, a source thereof is connected to a data line VD,
and a drain thereof is connected to one end of the storage
capacitance 5 and a source of the retaining transistor 2 for
controlling a writing ofa voltage signal in the data line. A gate
of the retaining transistor 2 is connected to a first control
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signal line EM which is used to control the ON/OFF of the
retaining transistor, a drain thereof is connected to a gate of
the driving transistor 1 for retaining the gate voltage of the
driving transistor 1. A gate of the compensating transistor 4 is
connected to a second control signal line VC which is used to
control the ON/OFF of the compensating transistor 4, a
source thereof is connected to a drain of the driving transistor
1, and a drain thereof is connected to the gate of the driving
transistor 1. A source of the driving transistor 1 is connected
to the other end of the storage capacitance 5 and an anode of
the OLED device 6 for driving the OLED device 6. The drain
of the driving transistor 1 and the source of the compensating
transistor 4 are both connected to a first power supply line VP.
A cathode of the OLED device 6 is connected to a second
power supply line VN.

FIG. 7 shows a driving timing sequence of a method for
driving the voltage-driven pixel circuit described above and
FIG. 8 is a schematic diagram of an equivalent circuit struc-
ture for the voltage-driven pixel circuit being operated. The
driving method comprises three stages: initialization stage,
compensation stage, and light emission maintaining stage

The main target in the initialization stage is to pre-charge
the source N3 of the driving transistor 1 to a low voltage level.

During the initialization stage, the equivalent circuit is as
shown in FIG. 8 (a). The data line VD and the second power
supply line VN are at a high power supply level (ARVDD),
and the first power supply line VP is at a low power supply
level (ARVSS). Since the OLED device 6 is equivalent to a
parallel connection of a light emitting diode and a capacitance
Corep 10 electrical performance, the OLED device 6 is
reversely blocked. The gate line SCAN and the first control
signal line EM are at a high switching level (VGH) and the
second control signal line VC is at a low switching level
(VGL). At this time, the retaining transistor 2 and the switch-
ing transistor 3 are turned on and the compensating transistor
4 is turned off, a circuit through N1 and N2 points transmits
the high power supply level ARVDD to N1 point via the
retaining transistor 2 and the switching transistor 3, and thus
the driving transistor 1 is turned on to cause N3 point to
discharge to the ARVSS.

During the compensation stage, the equivalent circuit is as
shown in FIG. 8 (b). VD is at a data voltage V,,.,(n) of the
current frame (the nth frame), VP is at a reference level of
direct current (VREF), VN is at the high power supply level
(ARVDD), and the OLED device 6 keeps being reversely
blocked. SCAN and VC are at the high switching level (VGH)
and EM is at the low switching level (VGL). During this
stage, due to a boost effect of the capacitance 5, when VD
changes to V., (n), the voltage of N3 point becomes V -,
(n)-ARVDD+ARVSS, which is negative. Because VREF>0
and the driving transistor 1 forms a diode being turned on, the
current flows to N3 point from VREF to charge it until the
voltage of N3 point rises up to VREF-Vth, which results in
the turning off of the driving transistorl. At the end of the
compensation stage, the charge stored at the two ends of the
capacitance 5 is (VREF-Vth-V . (1))-Cp, wherein Cgis
the capacitance value of the storage capacitance.

During thelight emission maintaining stage, the equivalent
circuit is as shown in FIG. 8(c). VP is at the high power supply
level (ARVDD), VN is at the low power supply level
(ARVSS) and OLED is turned on in a forward direction.
SCAN and VC are at the low switching level (VGL) and EM
is at the high switching level (VGH), thus the driving transis-
tor 1 and retaining transistor 2 are turned on, and the switch-
ing transistor 3 and compensating transistor 4 are turned off.
The storage capacitance 5 is connected between the gate and
the source of the driving transistor 1 to retain the V55 of the
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driving transistor 1, and the charges stored in the storage
capacitance 5 keeps unchanged. As the current of the OLED
device 6 tends to be constant, the voltage of N3 point becomes
V orp» and due to the boost effect of the storage capacitance
5, the voltage of N1 and N2 points becomes V ,; zn+V 57y
(n)-VREF+Vth. The V ;; of the driving transistor 1 is kept at
Vpars(n)-VREF+Vth, in which case the current flowing
through the driving transistor 1 is:

-[Vpara(n) — VREF + Vihn — Vik]?

S

lorgp = E'ﬂn'COX'_
1

=5t Cox* — *[Vpara(n) = VREFP,

==

wherein p,, is the carrier mobility, C, is the capacitance of
the gate oxide layer, and W/L is the width to lengthratio of the
transistor. It can be seen from the above expression, the cur-
rent is independent of the threshold voltage and the voltage
across the OLED, and thus the effect due to the unevenness
and shift of the threshold voltage and the unevenness of the
electrical performance of the OLED is basically eliminated.

FIG. 9 shows simulation results of compensating for the
unevenness of the threshold voltage, wherein 2T1C is a tra-
ditional structure with a compensating function and 4T1C is
a circuit structure employed in the embodiments of the dis-
closed technical solution. In both of the structures, a same
width to length ratio W/L.=30/10 is employed, and a same
TFT model is employed in the simulations. When the thresh-
old voltage shifts +0.6V, the shift of the OLED current in the
traditional 2T1C structure may be up to above 90%, while in
the 4T1C structure employed in the embodiment of the dis-
closed technical solution, the fluctuation of the OLED current
is less than 10%. FIG. 10 shows the simulation results of
compensating for the unevenness of the OLED voltage. 2T1C
is a traditional structure with a compensating function, when
the operating voltage of OLED shifts +0.45V, the maximum
shift of the OLED current may be up to 60%, while in the
4T1C structure employed in the embodiments of the dis-
closed technical solution, the fluctuation ofthe OLED current
is less than 5%.

It can be seen that the circuit employing the 4T 1C structure
is much more superior in compensating for the unevenness of
the threshold voltage and the unevenness of OLED as com-
pared with the 2T1C structure. At the same time, the circuit
employing the 4T1C structure requires only four TFTs and
one capacitance and thus occupies less area as compared with
other similar pixel circuits, thereby a high opening ratio is
much easier to be realized.

The technical solution disclosed herein further provides a
display panel comprising the voltage-driven pixel circuit as
described above. The voltage-driven pixel circuit is formed
on an array substrate of the display panel which is provided
with a plurality of data lines and gate lines defining a plurality
of voltage-driven pixel circuits; the array substrate further
comprises a driving chip for providing timing signals to the
gate lines, the data lines, the first control signal line and the
second control signal line and providing power signal for the
first and second power supply lines. Since this display panel
employs the voltage-driven pixel circuit described above, the
display quality is good and the afterimage phenomenon is
avoided.

The above embodiments are illustrated for explaining the
present invention rather than restricting it. Various modifica-
tions and alterations can be made by those skilled in the art
without departing from the spirit and scope of present inven-
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tion. All equivalent technical solutions shall fall into the scope

of present invention which should be defined by the claims
appended.

What is claimed is:

1. A voltage-driven pixel circuit, comprising a driving tran-
sistor, a retaining transistor, a switching transistor, a compen-
sating transistor, a storage capacitance and an OLED device,

wherein

a gate of the switching transistor is connected to a gate line,
a source thereof is connected to a data line, and a drain
thereof 1s connected to one end of the storage capaci-
tance and a source of the retaining transistor, the switch-
ing transistor is configured to control a writing of a
voltage signal in the data line,

a gate of the retaining transistor is connected to a first
control signal line which is used to control a turn-on of
the retaining transistor, a drain of the retaining transistor
is connected to a gate of the driving transistor, the retain-
ing transistor is configured to retain a gate voltage of the
driving transistor,

a gate of the compensating transistor is connected to a
second control signal line which is used to control a
turn-on of the compensating transistor, a source thereof
is connected to a drain of the driving transistor, and a
drain thereof is connected to the gate of the driving
transistor,

a source of the driving transistor is connected to the other
end of the storage capacitance and an anode of the
OLED device, the driving transistor is configured to
drive the OLED device,

the drain of the driving transistor and the source of the
compensating transistor are both connected to a first
power supply line,

a cathode of the OLED device is connected to a second
power supply line.

2. A method for driving the voltage-driven pixel circuit

according to claim 1, comprising steps of:

S1:turning on the driving transistor, the retaining transistor
and the switching transistor and reversely blocking the
OLED device so as to pre-charge the source of the driv-
ing transistor to a low level,

S2: turning on the compensating transistor and turning off
the retaining transistor to pre-charge the storage capaci-
tance to a voltage used to compensate for a threshold
voltage of the driving transistor; 11

S3: turning off the switching transistor and the compensat-
ing transistor and turning on the retaining transistor and
the OLED device so as to retain the gate voltage of the
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driving transistor and drive the OLED device to emit
light with the voltage stored in the storage capacitance.

3. The method according to claim 2, wherein the step Sl
comprises:

inputting a high power supply level to the data line and the

second power supply line and inputting a high switching
level to the first control signal line and the gate line to
turn on the retaining transistor, the switching transistor
and the driving transistor, inputting a low switching level
from the second control signal line to turn off the com-
pensating transistor, and connecting the first power sup-
ply line to a low power supply level to block the OLED
device, so as to discharge the source of the driving tran-
sistor to the low power supply level.

4. The method according to claim 2, wherein the step S2
comprises:

changing the voltage of the data line to a data voltage of a

current frame, inputting a direct reference level to the
first power supply line, inputting a low switching level to
the first control signal line to turn off the retaining tran-
sistor, and inputting a high switching level to the second
control signal line to turn on the compensating transis-
tor, so as to pre-charge the storage capacitance to the
voltage used to compensate for the threshold voltage of
the driving transistor.

5. The method according to claim 2, wherein the step S3
comprises:

inputting a low switching level from the gate line and the

second control signal line to turn off the switching tran-
sistor and the compensating transistor, inputting a high
switching level from the first control signal line to turn
on the retaining transistor, and connecting the first power
supply line to a high power supply level and connecting
the second power supply line to alow power supply level
to turn on the OLED device, so as to drive the OLED
device to emit light with the voltage stored in the storage
capacitance.

6. A display panel including the voltage-driven pixel circuit
according to claim 1.

7. The display panel according to claim 6, wherein the
voltage-driven pixel circuit 1S formed on an array substrate of
the display panel which is provided with a plurality of data
lines and gate lines defining a plurality of voltage-driven pixel
circuits; the array substrate further comprises a driving chip
for providing timing signals to the gate lines, the data lines,
the first control signal line and the second control signal line
and providing power signals for the first and second power
supply lines.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI& B A

EHA

IPCH 3=

CPCH¥E=

RIEBHFI(IF)
LR

H A0 FF 3R
ShERaELE

BEX)

NFT—HBEERHBEBE , AR FEARSEZBERNGRE
BOERER. BEERIGRERBTERIREE  REREE X
REE , IMZREE | FHEBANOLEDSHES. XENTHRARIREN

BERFGERRRE , AR FENERER
US8941309
US13/698003

RHR
ERN

KPR

TE
REFREEARGERLF.

WU ZHONGYUAN
WANG GANG

WU, ZHONGYUAN
WANG, GANG

G09G3/10 G09G3/32 HO5B33/08

RiEHR 2012-09-05

2015-01-27

patsnap

HO05B33/0896 G09G3/3233 G09G3/3291 G09G2300/0819 G09G2300/0842 G09G2300/0861

G09G2320/043 G09G2300/0852 HO5B45/60

LADAS & PARRY LLP

201110262088.0 2011-09-06 CN

US20130175941A1

Espacenet USPTO

M2 TNETFTRAEMOLEDH R EBENTHEIH,

ve
4 vc
“"—-.
! I .
1
S
Em Csy /
T
N2 Il R
SCAN 4[ I ;E —
3 VD N


https://share-analytics.zhihuiya.com/view/f3aa4369-23e2-47e7-8a10-257bcd169920
https://worldwide.espacenet.com/patent/search/family/046693193/publication/US8941309B2?q=US8941309B2
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=8941309.PN.&OS=PN/8941309&RS=PN/8941309

