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(57) ABSTRACT

The invention provides an AMOLED pixel driver circuit and
pixel driving method. The AMOLED pixel driver circuit has
a 6T1C structure, comprising a first thin film transistor
(TFT) (T1), a second TFT (T2) forming mirror relation with
the first TFT (T1), a third TFT (T3), a fourth TFT (T4), a
fifth TEFT (T5), a sixth TFT (16), a capacitor (C1), and an
organic light-emitting diode (OLED) (D1), and receiving a
first scan signal (Scanl), a second scan signal (Scan2), a
third scan signal (Scan3), a light-emitting signal (EM), a
data signal (Data), and a reference voltage (Vref). The circuit
can effectively compensate the threshold voltage of the
driving TFT to solve the problem of unstable current flowing
through the OLED caused by the threshold voltage drift to
ensure uniform luminance of the OLED and improve the
display quality.

2

|

|
s
/i\

|

|
~
/i\

|

|

|

|

I

|

|

Vini

Vdata

- N



Patent Application Publication  Jul. 26,2018 Sheet 1 of 6 US 2018/0211601 A1

Gate OVDD
C10
Data || |
| l ||
| |
120 10

Fig. 1



Patent Application Publication  Jul. 26,2018 Sheet 2 of 6 US 2018/0211601 A1

OVDD

|

Scand

Data

Vref T2

;._..3
SRS

Scanl ——

OVSS

Fig. 2



US 2018/0211601 A1

Jul. 26,2018 Sheet 3 of 6

Patent Application Publication

/]

—=N

Scanl —
ScanZ—

Vdata

Fig. 3




Patent Application Publication  Jul. 26,2018 Sheet 4 of 6 US 2018/0211601 A1

OVDD
EM 7
e
Scan3
N
//\\
T4 * D
Data
Vref T2 |
c | T1

Scanl ——
EM /
T T

OVSS

Fig. 4



Patent Application Publication  Jul. 26,2018 Sheet 5 of 6 US 2018/0211601 A1

OVDD
EM 7LJ
——{>\ 5
Scand3
T4 * D
Data
Vref T2
re—f: PR { T1
N G
N
| h
| u S

Fig. 5



Patent Application Publication  Jul. 26,2018 Sheet 6 of 6 US 2018/0211601 A1

OVDD

|

Scan3
~
//\\
T4 ’
Data
Vref T2
re e | % T
N G
N
E
Scanl —— EM i
— |

OVSS

Fig. 6



US 2018/0211601 Al

AMOLED PIXEL DRIVER CIRCUIT AND
PIXEL DRIVING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to the field of display
techniques, and in particular to an AMOLED pixel driver
and pixel driving method.

2. The Related Arts

[0002] The organic light emitting diode (OLED) display
provides the advantages of active light-emitting, low driving
voltage, high emission efficiency, quick response time, high
resolution and contrast, near 180° viewing angle, wide
operation temperature range, and capability to realize flex-
ible display and large-area full-color display, and is regarded
as the most promising display technology.

[0003] The driving types of OLED can be divided, accord-
ing to the driving method, into the passive matrix OLED
(PMOLED) and active matrix OLED (AMOLED), 1.e., the
direct addressable type and thin film transistor (TFT)
addressable type, wherein the AMOLED provides the
advantages of pixels arranged in an array, self-luminous, and
high luminous efficiency and is commonly used for high
definition large-size display.

[0004] AMOLED is a current-driven device that emits
light when a current flows through the OLED, and the
light-emitting luminance is determined by the current flow-
ing through the OLED. Most of the known integrated
circuits (ICs) only transmit voltage signals, so the AMOLED
pixel driver circuit needs to complete the task of converting
the voltage signal into a current signal.

[0005] The known AMOLED pixel driver circuit is usu-
ally 2T1C structure, that is, two thin film transistors (TFTs)
and a capacitor. As shown in FIG. 1, a known 2T1C pixel
driver circuit for AMOLED with a compensation function
comprises a first TFT T10, a second TFT T20, a capacitor
C10, and an OLED D10, wherein the first TFT T10 has the
gate connected to the drain of the second TFT T20, the drain
connected to a power supply positive voltage OVDD, and
the source connected to the anode of the OLED D10; the
second TFT T20 has the gate connected to a gate driving
signal Gate, the source connected to a data signal Data and
the drain connected to the gate of the first TFT T10; the
capacitor C10 has one end connected to the gate of the first
TFT T10 and the other connected to the drain of the first TFT
T10; the OLED D10 has the anode connected to the source
of the first TFT T10 and the cathode connected to the power
supply negative voltage OVSS. When the 2T1C-structured
AMOLED pixel driver circuit operates, the current flowing
through the OLED D10 is:

T=kx(Vgs-Vth)?

Wherein 1 is the current flowing through the OLED D10, k
is a constant coefficient related to the characteristics of the
first TFT T10, Vgs is the voltage difference between the gate
and the source of the driving TFT (i.e., the first TFT T10),
Vthis the threshold voltage of the voltage of the driving TFT
(i.e., the first TFT T10). As seen, the current flowing through
the OLED D10 is related to the threshold voltage of the
driving TFT.

[0006] Because of the instability of the panel fabrication
process, making the threshold voltage of the driving TFT in
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each pixel drive circuit within the panel maybe different, and
the material of TFT will age after prolonged use and result
in changes to cause threshold voltage drift of the driving
TFT and lead to unstable current flowing through the OLED
and causes non-uniformity of panel display. In the known
2T1C circuit, the threshold voltage drift of the driving TFT
cannot be improved by adjustment. Therefore, it is necessary
to add the new TFT or the new signal to alleviate the
influence of the threshold voltage drift, to make the pixel
driver circuit have a compensation function.

SUMMARY OF THE INVENTION

[0007] The object of the present invention is to provide an
AMOLED pixel driver circuit, able to effectively compen-
sate the threshold voltage drift of the driving TFT to stabilize
the current flowing through the OLED and to ensure even
light-emitting of the OLED to improve display result.
[0008] Another object of the present invention is to pro-
vide an AMOLED pixel driving method, able to effectively
compensate the threshold voltage change of the driving TFT
to solve the problem of unstable current flowing through the
OLED caused by the threshold voltage drift so as to ensure
uniform light-emitting of the OLED to improve display
result.

[0009] To achieve the above object, the present invention
provides an AMOLED driver circuit, which comprises: a
first thin film transistor (TFT), a second TFT, a third TFT, a
fourth TFT, a fifth TFT, a sixth TFT, a capacitor, and an
organic light-emitting diode (OLED);

[0010] the first TFT having the gate connected to a first
node, the source connected to a second node and the drain
connected to a third node;

[0011] the second TFT having the gate connected to a first
scan signal, the source connected to a reference voltage, the
drain connected to the first node;

[0012] the third TFT having the gate connected to a second
scan signal, the source connected to a data signal and the
drain connected to the second node;

[0013] the fourth TFT having the gate connected to a third
scan signal, the source connected to the first node and the
drain connected to the third node;

[0014] the fifth TFT having the gate connected to a light-
emitting signal, the source connected to a power supply
positive voltage and the drain connected to the third node;
[0015] the sixth TFT having the gate connected to the
light-emitting signal, the source connected to the second
node and the drain connected to the anode of the OLED;
[0016] the capacitor having one end connected to the first
node and the other end connected to the ground,

[0017] the OLED having the anode connected to the drain
of the sixth TFT and the cathode connected to the power
supply negative voltage.

[0018] According to a preferred embodiment of the pres-
ent invention, the first TFT, the second TFT, the third TFT,
the fourth TFT, the fifth TFT and the sixth TFT are all low
temperature polysilicon (LTPS) TFTs, oxide semiconductor
TFTs or amorphous silicon (a-Si) TFTs.

[0019] According to a preferred embodiment of the pres-
ent invention, the first scan signal, the second scan signal,
the third scan signal and the light-emitting signal are all
provided by an external timing controller.

[0020] According to a preferred embodiment of the pres-
ent invention, the first scan signal, the second scan signal,
the third scan signal, the light-emitting signal and the data
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signal are combined to correspond to, in sequence, an
initialization phase, a threshold voltage detection phase and
a driving light-emitting phase.

[0021] According to a preferred embodiment of the pres-
ent invention, the first TFT, the second TFT, the third TFT,
the fourth TFT, the fifth TFT and the sixth TFT are all N-type
TFTs;

[0022] in the initialization phase, the first scan signal
provides high level voltage, the second scan signal provides
high level voltage, the third scan signal provides low level
voltage, the light-emitting signal provides low level voltage,
and the data signal provides an initialization voltage;
[0023] in the threshold voltage detection phase, the first
scan signal provides low level voltage, the second scan
signal provides high level voltage, the third scan signal
provides high level voltage, the light-emitting signal pro-
vides low level voltage, and the data signal provides a
display data voltage;

[0024] in the driving light-emitting phase, the first scan
signal, the second scan signal and the third scan signal all
provide low level voltage, and the light-emitting signal
provides high level voltage.

[0025] Another embodiment of the present invention pro-
vides an AMOLED pixel driving method, which comprises:

[0026] Step 1: providing an AMOLED pixel driver circuit,
comptrising:
[0027] a first thin film transistor (TFT), a second TFT, a

third TFT, a fourth TFT, a fifth TFT, a sixth TFT, a capacitor,
and an organic light-emitting diode (OLED);

[0028] the first TFT having the gate connected to a first
node, the source connected to a second node and the drain
connected to a third node;

[0029] the second TFT having the gate connected to a first
scan signal, the source connected to a reference voltage, the
drain connected to the first node;

[0030] the third TFT having the gate connected to a second
scan signal, the source connected to a data signal and the
drain connected to the second node;

[0031] the fourth TFT having the gate connected to a third
scan signal, the source connected to the first node and the
drain connected to the third node;

[0032] the fifth TFT having the gate connected to a light-
emitting signal, the source connected to a power supply
positive voltage and the drain connected to the third node;
[0033] the sixth TFT having the gate connected to the
light-emitting signal, the source connected to the second
node and the drain connected to the anode of the OLED;
[0034] the capacitor having one end connected to the first
node and the other end connected to the ground,

[0035] the OLED having the anode connected to the drain
of the sixth TFT and the cathode connected to the power
supply negative voltage;

[0036] Step 2: entering an initialization phase:

[0037] the first scan signal turning on the second TFT; the
second scan signal turning on the third TFT; the third scan
signal cutting off the fourth TFT; the light-emitting signal
cutting off the fifth TFT and the sixth TFT; the data signal
providing an initialization voltage, a reference voltage being
written into the first node and the initialization voltage being
written into the second node;

[0038] Step 3: entering a threshold voltage detection
phase:
[0039] the first scan signal cutting off the second TFT; the

second scan signal turning on the third TFT; the third scan
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signal turning on the fourth TFT; the light-emitting signal
cutting off the fifth TFT and the sixth TFT; the data signal
providing a display data voltage; the turned on fourth TFT
connecting the gate and the drain of the first TF'T; the voltage
of the first node reaching the sum of the display data voltage
and the threshold voltage of the first TFT; and the voltage of
the first node being stored in the capacitor;

[0040] Step 4: entering a driving light-emitting phase:
[0041] the first scan signal, the second scan signal and the
third scan signal cutting off the second TFT, the third TFT
and the fourth TFT respectively; the light-emitting signal
turning on the fifth TFT and the sixth TFT; the storage effect
of the capacitor making the voltage of the first node main-
taining the sum of the display data voltage and the threshold
voltage of the first TFT; a power supply positive voltage
being written into the third node; the first TFT being turned
on, the OLED emitting light, and the current flowing
through the OLED being independent of the threshold
voltage of the first TFT.

[0042] According to a preferred embodiment of the pres-
ent invention, the first TFT, the second TFT, the third TFT,
the fourth TFT, the fifth TFT and the sixth TFT are all low
temperature polysilicon (LTPS) TFTs, oxide semiconductor
TFTs or amorphous silicon (a-Si) TFTs.

[0043] According to a preferred embodiment of the pres-
ent invention, the first scan signal, the second scan signal,
the third scan signal and the light-emitting signal are all
provided by an external timing controller.

[0044] According to a preferred embodiment of the pres-
ent invention, the first TFT, the second TFT, the third TFT,
the fourth TFT, the fifth TFT and the sixth TFT are all N-type
TFTs;

[0045] in the initialization phase, the first scan signal
provides high level voltage, the second scan signal provides
high level voltage, the third scan signal provides low level
voltage, the light-emitting signal provides low level voltage,
and the data signal provides an initialization voltage;
[0046] in the threshold voltage detection phase, the first
scan signal provides low level voltage, the second scan
signal provides high level voltage, the third scan signal
provides high level voltage, the light-emitting signal pro-
vides low level voltage, and the data signal provides a
display data voltage;

[0047] in the driving light-emitting phase, the first scan
signal, the second scan signal and the third scan signal all
provide low level voltage, and the light-emitting signal
provides high level voltage.

[0048] Yet another embodiment of the present invention
provides an AMOLED driver circuit, which comprises: a
first thin film transistor (TFT), a second TFT, a third TFT, a
fourth TFT, a fifth TFT, a sixth TFT, a capacitor, and an
organic light-emitting diode (OLED);

[0049] the first TFT having the gate connected to a first
node, the source connected to a second node and the drain
connected to a third node;

[0050] the second TFT having the gate connected to a first
scan signal, the source connected to a reference voltage, the
drain connected to the first node;

[0051] the third TFT having the gate connected to a second
scan signal, the source connected to a data signal and the
drain connected to the second node;

[0052] the fourth TFT having the gate connected to a third
scan signal, the source connected to the first node and the
drain connected to the third node;
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[0053] the fifth TFT having the gate connected to a light-
emitting signal, the source connected to a power supply
positive voltage and the drain connected to the third node;
[0054] the sixth TFT having the gate connected to the
light-emitting signal, the source connected to the second
node and the drain connected to the anode of the OLED;
[0055] the capacitor having one end connected to the first
node and the other end connected to the ground,

[0056] the OLED having the anode connected to the drain
of the sixth TFT and the cathode connected to the power
supply negative voltage;

[0057] wherein the first TFT, the second TFT, the third
TFT, the fourth TFT, the fifth TFT and the sixth TFT being
all low temperature polysilicon (LTPS) TFTs, oxide semi-
conductor TFTs or amorphous silicon (a-Si) TFTs;

[0058] wherein the first scan signal, the second scan
signal, the third scan signal and the light-emitting signal
being all provided by an external timing controller.

[0059] Compared to the known techniques, the present
invention provides the following advantages. The present
invention provides an AMOLED pixel driver circuit of
6T1C structure. In the initialization phase, the second TFT
and the third TFT are turned on, and the fourth, fifth and
sixth TFTs are cut off so that the reference voltage is written
into the agate of the first TFT and the initialization voltage
written into the source. In the threshold voltage detection
phase, the third and the fourth TFTs are turned on, and the
second, fifth and sixth TFTs are cut off so that the voltage of
the gate of the first TFT rises to the sum of the display data
voltage and the threshold voltage of the TFT and is stored to
the capacitor. In the driving light-emitting phase, the fifth
and sixth TFTs are cut off. The storage of the capacitor keeps
the voltage of the gate of the first TFT at the sum of the
display data voltage and the threshold voltage of the TFT.
The first TFT is turned on so that the OLED emits light, and
the current flowing through the OLED is independent of the
threshold voltage of the first TFT so as to ensure uniform
luminance of the OLED and improve display result. The
present invention provides an AMOLED pixel driving
method able to effectively compensate the threshold voltage
change of the driving TFT to solve the problem of unstable
current flowing through the OLED caused by the threshold
voltage drift so as to ensure uniform light-emitting of the
OLED to improve display result.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] To make the technical solution of the embodiments
according to the present invention, a brief description of the
drawings that are necessary for the illustration of the
embodiments will be given as follows. Apparently, the
drawings described below show only example embodiments
of the present invention and for those having ordinary skills
in the art, other drawings may be easily obtained from these
drawings without paying any creative effort. In the draw-
ings:

[0061] FIG. 1 is a schematic view showing a known
AMOLED pixel driver circuit of 2T1C structure;

[0062] FIG. 2 is a schematic view showing a pixel driver
circuit for AMOLED provided by an embodiment of the
present invention;

[0063] FIG. 3 is a schematic view showing the timing
sequence of the pixel driver circuit for AMOLED provided
by an embodiment of the present invention;
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[0064] FIG. 4 is a schematic view showing Step 2 of the
AMOLED pixel driving method provided by an embodi-
ment of the present invention;

[0065] FIG. 5 is a schematic view showing Step 3 of the
AMOLED pixel driving method provided by an embodi-
ment of the present invention; and

[0066] FIG. 6 is a schematic view showing Step 4 of the
AMOLED pixel driving method provided by an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0067] Referring to FIG. 1 and FIG. 2, the present inven-
tion provides an AMOLED pixel driver circuit of 6T1C
structure, which comprises: a first thin film transistor (TFT)
T1, a second TFT T2, athird TFT T3, a fourth TFT T4, a fifth
TFT T5, a sixth TFT T6, a capacitor C1, and an organic
light-emitting diode (OLED) D1.

[0068] The first TFT T1 the gate connected to a first node
G, the source connected to a second node S and the drain
connected to a third node D.

[0069] The second TFT T2 has the gate connected to a first
scan signal Scanl, the source connected to a reference
voltage Vref, the drain connected to the first node G.
[0070] The third TFT T3 has the gate connected to a
second scan signal Scan2, the source connected to a data
signal Data and the drain connected to the second node S.
[0071] The fourth TFT T4 has the gate connected to a third
scan signal Scan3, the source connected to the first node G
and the drain connected to the third node D.

[0072] The fifth TFT T5 has the gate connected to a
light-emitting EM signal, the source connected to a power
supply positive voltage OVDD and the drain connected to
the third node D.

[0073] The sixth TFT T6 has the gate connected to the
light-emitting signal EM, the source connected to the second
node S and the drain connected to the anode of the OLED
D1.

[0074] The capacitor C1 has one end connected to the first
node G and the other end connected to the ground.

[0075] The OLED D1 has the anode connected to the drain
of the sixth TFT T6 and the cathode connected to the power
supply negative voltage OVSS.

[0076] Specifically, the first TFT T1, the second TFT T2,
the third TFT T3, the fourth TFT T4, the fifth TFT T5 and
the sixth TFT T6 are all low temperature polysilicon (LTPS)
TFTs, oxide semiconductor TFTs or amorphous silicon
(a-Si) TFTs.

[0077] Specifically, the first scan signal Scanl, the second
scan signal Scan2, the third scan signal Scan3 and the
light-emitting signal EM are all provided by an external
timing controller.

[0078] Specifically, the first scan signal Scanl, the second
scan signal Scan2, the third scan signal Scan3, the light-
emitting signal EM and the data signal Data are combined to
correspond to, in sequence, an initialization phase 1, a
threshold voltage detection phase 2 and a driving light-
emitting phase 3.

[0079] Furthermore, referring to FIGS. 4-6, the operation
of the process of the AMOLED pixel driver circuit of the
present invention is as follows:

[0080] In the initialization phase 1, the first scan signal
Scanl turns on the second TFT T2, the second scan signal
Scan2 turns on the third TFT T3, the third scan signal cuts
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off the fourth TFT T4, the light-emitting signal EM cuts off
the fifth TFT T5 and the sixth TFT T6, and the data signal
Data provides an initialization voltage Vini; the reference
voltage Vini is written into the second node S (i.e., the
source of the first TFT T1) via the turned on third TFT T3,
a reference voltage Vref is written into the first node G (i.e.,
the gate of the first TFT T1) via the turned on second TFT
T2 to accomplish the initialization of the gate and the source
of the first TFT T1.

[0081] In the threshold voltage detection phase 2, the first
scan signal Scanl cuts off the second TFT T2; the second
scan signal Scan2 turns on the third TFT T3 the third scan
signal Scan3 turns on the fourth TFT T4; the light-emitting
signal EM cuts off the fifth TFT T5 and the sixth TFT Té;
the data signal Data provides a display data voltage Vdata;
the turned on fourth TFT T4 connects the gate and the drain
of the first TFT T1; the voltage of the first node G (i.e., the
gate of the first TFT T1) reaches, due to the continuous
discharge of the source of the first TFT T1, the sum of the
display data voltage Vdata and the threshold voltage of the
first TFT T1, that is, Vg=Vs+Vth=Vdata+Vth, wherein Vg is
the gate voltage of the first TFT T1, Vs is the source voltage
of the first TFT T1, Vdata is the display data voltage, Vth is
the threshold voltage of the first TFT t1; at this point, the
voltage of the gate of the first TFT T1 is stored in the
capacitor C1.

[0082] In the driving light-emitting phase 3, the first scan
signal Scanl, the second scan signal Scan2 and the third
scan signal Scan3 cut off the second TFT T2, the third TFT
T3 and the fourth TFT T4 respectively; the light-emitting
signal EM turns on the fifth TFT T5 and the sixth TFT Té;
the storage effect of the capacitor C1 makes the voltage of
the first node G (i.e., the gate of the first TFT T1) main-
taining the sum of the display data voltage Vdata and the
threshold voltage of the first TFT T1; a power supply
positive voltage OVDD is written into the third node D (i.e.,
the drain of the first TFT T1) via the turned on fifth TFT T5;
the first TFT T1 is turned on, the OLED D1 emits light.
[0083] Furthermore, the equation to compute the current
flowing through the OLED D1 is:

I=kx(Vgs-Vth)’ 0

Wherein I is the current flowing through the OLED D1, k is
a constant coeflicient related to the characteristics of the first
TFT T1 (i.e., the driving TFT), Vgs is the voltage difference
between the gate and the source of the driving TFT (i.e., the
first TFT T1), Vith is the threshold voltage of the voltage of
the driving TFT (i.e., the first TFT T1). As seen, the current
flowing through the OLED D10 is related to the threshold
voltage of the driving TFT.

As Vgs=Vdata+Vih @
[0084] Substituting (2) into (1) to obtain:

I =kx(Vgs—Vih)?
= kx (Vdata+ Vih - Vs — Vi)

= kx (Vdata— Vs)?

[0085] As shown, the current flowing through the OLED
D1 is independent of the threshold voltage Vth of the first
TFT T1. The compensation of the threshold voltage drift of
the driving TFT also solves the problem of unstable current
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flowing through the OLED caused by the threshold voltage
drift so as to ensure uniform light-emitting of the OLED to
improve display result.

[0086] Furthermore, a preferred embodiment of the pres-
ent invention, the first TFT T1, the second TFT T2, the third
TFT T3, the fourth TFT T4, the fifth TFT T5 and the sixth
TFT T6 are all N-type TFTs. In the initialization phase 1, the
first scan signal Scanl provides high level voltage, the
second scan signal Scan2 provides high level voltage, the
third scan signal Scan3 provides low level voltage, the
light-emitting signal EM provides low level voltage, and the
data signal Data provides an initialization voltage Vini; in
the threshold voltage detection phase 2, the first scan signal
Scanl provides low level voltage, the second scan signal
Scan2 provides high level voltage, the third scan signal
Scan3 provides high level voltage, the light-emitting signal
EM provides low level voltage, and the data signal Data
provides a display data voltage Vdata; in the driving light-
emitting phase 3, the first scan signal Scanl, the second scan
signal Scan2 and the third scan signal Scan3 all provide low
level voltage, and the light-emitting signal EM provides
high level voltage.

[0087] Refer to FIGS. 4-6, in combination with FIGS. 2-3.
Based on the aforementioned AMOLED pixel driver circuit,
the present invention also provides an AMOLED pixel
driving method, which comprises the following steps:

[0088] Step 1: Providing an AMOLED Pixel Driver Cir-
cuit.
[0089] The AMOLED pixel driver circuit comprises: a

first thin film transistor (TFT) T1, a second TFT T2, a third
TFT T3, a fourth TFT T4, a fifth TFT T5, a sixth TFT T6,
a capacitor C1, and an organic light-emitting diode (OLED)
D1.

[0090] The first TFT T1 the gate connected to a first node
G, the source connected to a second node S and the drain
connected to a third node D.

[0091] The second TFT T2 has the gate connected to a first
scan signal Scanl, the source connected to a reference
voltage Vref, the drain connected to the first node G.
[0092] The third TFT T3 has the gate connected to a
second scan signal Scan2, the source connected to a data
signal Data and the drain connected to the second node S.
[0093] The fourth TFT T4 has the gate connected to a third
scan signal Scan3, the source connected to the first node G
and the drain connected to the third node D.

[0094] The fifth TFT T5 has the gate connected to a
light-emitting EM signal, the source connected to a power
supply positive voltage OVDD and the drain connected to
the third node D.

[0095] The sixth TFT T6 has the gate connected to the
light-emitting signal EM, the source connected to the second
node S and the drain connected to the anode of the OLED
D1.

[0096] The capacitor C1 has one end connected to the first
node G and the other end connected to the ground.

[0097] The OLED D1 has the anode connected to the drain
of the sixth TFT T6 and the cathode connected to the power
supply negative voltage OVSS.

[0098] Wherein, the first TFT T1 is the driving TFT for
driving the OLED D1 to emit light.

[0099] Specifically, the first TFT T1, the second TFT T2,
the third TFT T3, the fourth TFT T4, the fifth TFT T5 and
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the sixth TFT T6 are all low temperature polysilicon (LTPS)
TFTs, oxide semiconductor TFTs or amorphous silicon
(a-Si) TFTs.

[0100] Specifically, the first scan signal Scanl, the second
scan signal Scan2, the third scan signal Scan3 and the
light-emitting signal EM are all provided by an external
timing controller.

[0101]

[0102] The first scan signal Scan1 turns on the second TFT
T2, the second scan signal Scan2 turns on the third TFT T3,
the third scan signal cuts off the fourth TFT T4, the light-
emitting signal EM cuts off the fifth TFT T5 and the sixth
TFT Té, and the data signal Data provides an initialization
voltage Vini; the reference voltage Vini is written into the
second node S (i.e., the source of the first TFT T1) via the
turned on third TFT T3, a reference voltage Vref is written
into the first node G (i.e., the gate of the first TFT T1) via
the turned on second TFT T2 to accomplish the initialization
of the gate and the source of the first TFT T1.

Step 2: Entering Initialization Phase 1.

[0103] Step 3: Entering Threshold Voltage Detection
Phase 2.
[0104] The first scan signal Scanl cuts off the second TFT

T2; the second scan signal Scan2 turns on the third TFT T3
the third scan signal Scan3 turns on the fourth TFT T4; the
light-emitting signal EM cuts off the fifth TFT T5 and the
sixth TFT T6; the data signal Data provides a display data
voltage Vdata; the turned on fourth TFT T4 connects the
gate and the drain of the first TFT T1: the voltage of the first
node G (i.e., the gate of the first TFT T1) reaches, due to the
continuous discharge of the source of the first TFT T1, the
sum of the display data voltage Vdata and the threshold
voltage of the first TFT T1, that is, Vg=Vs+Vth=Vdata+Vth,
wherein Vg is the gate voltage of the first TFT T1, Vs is the
source voltage of the first TFT T1, Vdata is the display data
voltage, Vth is the threshold voltage of the first TFT t1; at
this point, the voltage of the gate of the first TFT T1 is stored
in the capacitor C1.

[0105]

[0106] The first scan signal Scanl, the second scan signal
Scan2 and the third scan signal Scan3 cut off the second TFT
T2, the third TFT T3 and the fourth TFT T4 respectively; the
light-emitting signal EM turns on the fifth TFT T5 and the
sixth TFT T6; the storage effect of the capacitor C1 makes
the voltage of the first node G (i.e., the gate of the first TFT
T1) maintaining the sum of the display data voltage Vdata
and the threshold voltage of the first TFT T1; a power supply
positive voltage OVDD is written into the third node D (i.e.,
the drain of the first TFT T1) via the turned on fifth TFT T5;
the first TFT T1 is turned on, the OLED D1 emits light.

[0107] Furthermore, the equation to compute the current
flowing through the OLED D1 is:

T=kx(Vgs—Vith)? 6

Step 4: Entering Driving Light-Emitting Phase 3.

Wherein I is the current flowing through the OLED D1, k is
a constant coeflicient related to the characteristics of the first
TFT T1 (i.e., the driving TFT), Vgs is the voltage difference
between the gate and the source of the driving TFT (i.e., the
first TFT T1), Vth is the threshold voltage of the voltage of
the driving TFT (i.e., the first TFT T1). As seen, the current
flowing through the OLED D10 is related to the threshold
voltage of the driving TFT.

As Vgs=Wdata+Vih 2)
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[0108] Substituting (2) into (1) to obtain:

I=kx(Vgs—Vi)?
= kx (Vdata+ Vih - Vs — Vih)

= kx (Vdata- Vs)?

[0109] As shown, the current flowing through the OLED
D1 is independent of the threshold voltage Vth of the first
TFT T1. The compensation of the threshold voltage drift of
the driving TFT also solves the problem of unstable current
flowing through the OLED caused by the threshold voltage
drift so as to ensure uniform light-emitting of the OLED to
improve display result.

[0110] Furthermore, a preferred embodiment of the pres-
ent invention, the first TFT T1, the second TFT T2, the third
TFT T3, the fourth TFT T4, the fifth TFT T5 and the sixth
TFT Té are all N-type TFTs. In the initialization phase 1, the
first scan signal Scanl provides high level voltage, the
second scan signal Scan2 provides high level voltage, the
third scan signal Scan3 provides low level voltage, the
light-emitting signal EM provides low level voltage, and the
data signal Data provides an initialization voltage Vini; in
the threshold voltage detection phase 2, the first scan signal
Scanl provides low level voltage, the second scan signal
Scan2 provides high level voltage, the third scan signal
Scan3 provides high level voltage, the light-emitting signal
EM provides low level voltage, and the data signal Data
provides a display data voltage Vdata; in the driving light-
emitting phase 3, the first scan signal Scanl, the second scan
signal Scan2 and the third scan signal Scan3 all provide low
level voltage, and the light-emitting signal EM provides
high level voltage.

[0111] In summary, the present invention provides an
AMOLED pixel driver circuit of 6T1C structure. In the
initialization phase, the second TFT and the third TFT are
turned on, and the fourth, fifth and sixth TFTs are cut off so
that the reference voltage is written into the agate of the first
TFT and the initialization voltage written into the source. In
the threshold voltage detection phase, the third and the
fourth TFTs are turned on, and the second, fifth and sixth
TFTs are cut off so that the voltage of the gate of the first
TFT rises to the sum of the display data voltage and the
threshold voltage of the TFT and is stored to the capacitor.
In the driving light-emitting phase, the fifth and sixth TFTs
are cut off. The storage of the capacitor keeps the voltage of
the gate of the first TFT at the sum of the display data voltage
and the threshold voltage of the TFT. The first TFT is turned
on so that the OLED emits light, and the current flowing
through the OLED is independent of the threshold voltage of
the first TFT so as to ensure uniform luminance of the OLED
and improve display result. The present invention provides
an AMOLED pixel driving method able to effectively com-
pensate the threshold voltage change of the driving TFT to
solve the problem of unstable current flowing through the
OLED caused by the threshold voltage drift so as to ensure
uniform light-emitting of the OLED to improve display
result.

[0112] It should be noted that in the present disclosure the
terms, such as, first, second are only for distinguishing an
entity or operation from another entity or operation, and
does not imply any specific relation or order between the
entities or operations. Also, the terms ‘“comprises”,
“include”, and other similar variations, do not exclude the
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inclusion of other non-listed elements. Without further
restrictions, the expression “comprises a . . . ” does not
exclude other identical elements from presence besides the
listed elements.

[0113] Embodiments of the present invention have been
described, but not intending to impose any unduly constraint
to the appended claims. Any modification of equivalent
structure or equivalent process made according to the dis-
closure and drawings of the present invention, or any
application thereof, directly or indirectly, to other related
fields of technique, is considered encompassed in the scope
of protection defined by the claims of the present invention.

What is claimed is:

1. An active matrix organic light-emitting diode (AMO-
LED) pixel driver circuit, which comprises: a first thin film
transistor (TFT), a second TFT, a third TFT, a fourth TFT, a
fifth TFT, a sixth TFT, a capacitor, and an organic light-
emitting diode (OLED);

the first TFT having the gate connected to a first node, the

source connected to a second node and the drain
connected to a third node;

the second TFT having the gate connected to a first scan

signal, the source connected to a reference voltage, the
drain connected to the first node;

the third TFT having the gate connected to a second scan

signal, the source connected to a data signal and the
drain connected to the second node;

the fourth TFT having the gate connected to a third scan

signal, the source connected to the first node and the
drain connected to the third node;
the fifth TFT having the gate connected to a light-emitting
signal, the source connected to a power supply positive
voltage and the drain connected to the third node;

the sixth TFT having the gate connected to the light-
emitting signal, the source connected to the second
node and the drain connected to the anode of the
OLED;

the capacitor having one end connected to the first node

and the other end connected to the ground,

the OLED having the anode connected to the drain of the

sixth TFT and the cathode connected to the power
supply negative voltage.

2. The AMOLED pixel driver circuit as claimed in claim
1, wherein the first TFT, the second TFT, the third TFT, the
fourth TFT, the fifth TFT and the sixth TFT are all low
temperature polysilicon (LTPS) TFTs, oxide semiconductor
TFTs or amorphous silicon (a-Si) TFTs.

3. The AMOLED pixel driver circuit as claimed in claim
1, wherein the first scan signal, the second scan signal, the
third scan signal and the light-emitting signal are all pro-
vided by an external timing controller.

4. The AMOLED pixel driver circuit as claimed in claim
1, wherein the first scan signal, the second scan signal, the
third scan signal, the light-emitting signal and the data signal
are combined to correspond to, in sequence, an initialization
phase, a threshold voltage detection phase and a driving
light-emitting phase.

5. The AMOLED pixel driver circuit as claimed in claim
4, wherein the first TFT, the second TFT, the third TFT, the
fourth TFT, the fifth TFT and the sixth TFT are all N-type
TFTs;

in the initialization phase, the first scan signal provides

high level voltage, the second scan signal provides high
level voltage, the third scan signal provides low level
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voltage, the light-emitting signal provides low level
voltage, and the data signal provides an initialization
voltage;

in the threshold voltage detection phase, the first scan
signal provides low level voltage, the second scan
signal provides high level voltage, the third scan signal
provides high level voltage, the light-emitting signal
provides low level voltage, and the data signal provides
a display data voltage;,

in the driving light-emitting phase, the first scan signal,
the second scan signal and the third scan signal all
provide low level voltage, and the light-emitting signal
provides high level voltage.

6. An active matrix organic light-emitting diode (AMO-

LED) pixel driving method, which comprises:

Step 1: providing an AMOLED pixel driver circuit, com-
prising:

a first thin film transistor (TFT), a second TFT, a third
TFT, a fourth TFT, a fifth TFT, a sixth TFT, a capacitor,
and an organic light-emitting diode (OLED);

the first TFT having the gate connected to a first node, the
source connected to a second node and the drain
connected to a third node;

the second TFT having the gate connected to a first scan
signal, the source connected to a reference voltage, the
drain connected to the first node;

the third TFT having the gate connected to a second scan
signal, the source connected to a data signal and the
drain connected to the second node;

the fourth TFT having the gate connected to a third scan
signal, the source connected to the first node and the
drain connected to the third node;

the fifth TFT having the gate connected to a light-emitting
signal, the source connected to a power supply positive
voltage and the drain connected to the third node;

the sixth TFT having the gate connected to the light-
emitting signal, the source connected to the second
node and the drain connected to the anode of the
OLED;

the capacitor having one end connected to the first node
and the other end connected to the ground,

the OLED having the anode connected to the drain of the
sixth TFT and the cathode connected to the power
supply negative voltage;

Step 2: entering an initialization phase:

the first scan signal turning on the second TFT; the second
scan signal turning on the third TFT; the third scan
signal cutting off the fourth TFT; the light-emitting
signal cutting off the fifth TFT and the sixth TFT; the
data signal providing an initialization voltage, a refer-
ence voltage being written into the first node and the
initialization voltage being written into the second
node;

Step 3: entering a threshold voltage detection phase:

the first scan signal cutting off the second TFT; the second
scan signal turning on the third TFT; the third scan
signal turning on the fourth TFT; the light-emitting
signal cutting off the fifth TFT and the sixth TFT; the
data signal providing a display data voltage; the turned
on fourth TFT connecting the gate and the drain of the
first TFT; the voltage of the first node reaching the sum
of the display data voltage and the threshold voltage of
the first TFT; and the voltage of the first node being
stored in the capacitor;
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Step 4: entering a driving light-emitting phase:

the first scan signal, the second scan signal and the third
scan signal cutting off the second TFT, the third TFT
and the fourth TFT respectively; the light-emitting
signal turning on the fifth TFT and the sixth TFT; the
storage effect of the capacitor making the voltage of the
first node maintaining the sum of the display data
voltage and the threshold voltage of the first TFT; a
power supply positive voltage being written into the
third node; the first TFT being turned on, the OLED
emitting light, and the current flowing through the
OLED being independent of the threshold voltage of
the first TFT.
7. The AMOLED pixel driving method as claimed in
claim 6, wherein the first TFT, the second TFT, the third
TFT, the fourth TFT, the fifth TFT and the sixth TFT are all
low temperature polysilicon (LTPS) TFTs, oxide semicon-
ductor TFTs or amorphous silicon (a-Si) TFTs.
8. The AMOLED pixel driving method as claimed in
claim 6, wherein the first scan signal, the second scan signal,
the third scan signal and the light-emitting signal are all
provided by an external timing controller.
9. The AMOLED pixel driving method as claimed in
claim 6, wherein the first TFT, the second TFT, the third
TFT, the fourth TFT, the fifth TFT and the sixth TFT are all
N-type TFTs;
in the initialization phase, the first scan signal provides
high level voltage, the second scan signal provides high
level voltage, the third scan signal provides low level
voltage, the light-emitting signal provides low level
voltage, and the data signal provides an initialization
voltage;
in the threshold voltage detection phase, the first scan
signal provides low level voltage, the second scan
signal provides high level voltage, the third scan signal
provides high level voltage, the light-emitting signal
provides low level voltage, and the data signal provides
a display data voltage;

in the driving light-emitting phase, the first scan signal,
the second scan signal and the third scan signal all
provide low level voltage, and the light-emitting signal
provides high level voltage.

10. An active matrix organic light-emitting diode (AMO-
LED) pixel driver circuit, which comprises: a first thin film
transistor (TFT), a second TFT, a third TFT, a fourth TFT, a
fifth TFT, a sixth TFT, a capacitor, and an organic light-
emitting diode (OLED);

the first TFT having the gate connected to a first node, the

source connected to a second node and the drain
connected to a third node;

the second TFT having the gate connected to a first scan

signal, the source connected to a reference voltage, the
drain connected to the first node;
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the third TFT having the gate connected to a second scan
signal, the source connected to a data signal and the
drain connected to the second node;

the fourth TFT having the gate connected to a third scan

signal, the source connected to the first node and the
drain connected to the third node;

the fifth TFT having the gate connected to a light-emitting

signal, the source connected to a power supply positive
voltage and the drain connected to the third node;

the sixth TFT having the gate connected to the light-

emitting signal, the source connected to the second
node and the drain connected to the anode of the
OLED;

the capacitor having one end connected to the first node

and the other end connected to the ground,

the OLED having the anode connected to the drain of the

sixth TFT and the cathode connected to the power
supply negative voltage;
wherein the first TFT, the second TFT, the third TFT, the
fourth TFT, the fifth TFT and the sixth TFT being all
low temperature polysilicon (LTPS) TFTs, oxide semi-
conductor TFTs or amorphous silicon (a-Si) TFTs;

wherein the first scan signal, the second scan signal, the
third scan signal and the light-emitting signal being all
provided by an external timing controller.
11. The AMOLED pixel driver circuit as claimed in claim
10, wherein the first scan signal, the second scan signal, the
third scan signal, the light-emitting signal and the data signal
are combined to correspond to, in sequence, an initialization
phase, a threshold voltage detection phase and a driving
light-emitting phase.
12. The AMOLED pixel driver circuit as claimed in claim
11, wherein the first TFT, the second TFT, the third TFT, the
fourth TFT, the fifth TFT and the sixth TFT are all N-type
TFTs;
in the initialization phase, the first scan signal provides
high level voltage, the second scan signal provides high
level voltage, the third scan signal provides low level
voltage, the light-emitting signal provides low level
voltage, and the data signal provides an initialization
voltage;
in the threshold voltage detection phase, the first scan
signal provides low level voltage, the second scan
signal provides high level voltage, the third scan signal
provides high level voltage, the light-emitting signal
provides low level voltage, and the data signal provides
a display data voltage;

in the driving light-emitting phase, the first scan signal,
the second scan signal and the third scan signal all
provide low level voltage, and the light-emitting signal
provides high level voltage.

* #* * #* #®



patsnap

TREMOF) Amoled &R IR 3h B3 M &R IR 3 /5 7%
[F(RE)E US20180211601A1 K (aH)A 2018-07-26
BRiES US15/328892 % A 2016-12-20

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

HAT R E (TR AGE)

RYIHHEEXBEARBRLF

RYITHEEXBRERERLT.

Y THEEXERRERNE.

FRIZEAA CHEN XIAOLONG
JOU MINGJONG
WEN YICHIEN
RHAA CHEN, XIAOLONG
JOU, MINGJONG
WEN, YICHIEN
IPCH %S G09G3/3258
CPCH %S G09G3/3258 G09G2320/0233 G09G2310/08 G09G3/3225 G09G3/3233 G09G3/3266 G09G2300/0814
G09G2300/0819 G09G2300/0842 G09G2300/0861 G09G2310/0251 G09G2310/0262 G09G2320/045
£ 5648 201610912658.9 2016-10-18 CN
H {th 23 FF 2Rk US10176759
IEheE Espacenet USPTO
AE(F) L g2 03]
A& BB —FAMOLEDRERH B MG ERH 5%, AMOLEDRE | |
| |
W B EFETICEN , BIEE —BERKHAEE (TFT) (T1 ) , %= Scanl | : !
TFT (T2 ) GR-SRRHERREGXR, E-TFT(T1) , B= I | I |
TFT(T3 ) ,EMWTFT (T4 ) ,ERTFT(Tb>5) , FEATFT(T6 i 3
), &% (C1) MENKX=RE (OLED) (D) 1) , kg~ Scan2— | I
H#EES (Scan1 ) , FEZHAWES (Scan2 ) , BE=HAHEE= ! !
(Scan3 ) , K¥ES (EM) , BIEES (Data ) NBEBE Seans l |
(Vref) . REBETNAKBIMERTFTHRESRE , fRTHESE | ! ' |
ER | RARALOLEDN FRERRFM , {RIE TOLEDWHARE | 2 i |
ETERRE. EM '
| | |
' Lo | |
Data | Vini i i

|


https://share-analytics.zhihuiya.com/view/6a01f6c8-9242-4ef0-83c5-b7176e9eb5c8
https://worldwide.espacenet.com/patent/search/family/058294178/publication/US2018211601A1?q=US2018211601A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180211601%22.PGNR.&OS=DN/20180211601&RS=DN/20180211601

