US 20140078028A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0078028 A1

Qing et al.

(43) Pub. Date: Mar. 20, 2014

(54)

(71)

(72)

(73)

1)

(22)

(86)

(30)

Feb. 27,2012

PIXEL UNIT DRIVING CIRCUIT, PIXEL UNIT
DRIVING METHOD AND PIXEL UNIT

Applicants: Haigang Qing, Beijing (CN); Xiaojing
Qi, Beijing (CN); Young Yik Ko,
Beijing (CN)

Inventors: Haigang Qing, Beijing (CN); Xiaojing

Qi, Beijing (CN); Young Yik Ko,

Beijing (CN)

Assignees: CHENGDU BOE
OPTOELECTRONICS
TECHNOLOGY CO., LTD., Chengdu,
Sichuan (CN); BOE TECHNOLOGY
GROUP CO., LTD., Beijing (CN)

Appl. No.: 13/994,934

PCT Filed: Nov. 2, 2012

PCT No.:

§371 (1),
(2), (4) Date:

PCT/CN2012/084010

Jun. 17, 2013
Foreign Application Priority Data

(CN) i 2012100485713

Publication Classification

(51) Int.CL
GO9G 3/32 (2006.01)
(52) US.CL
CPC oo G09G 3/3258 (2013.01)
10153 345/77
(57) ABSTRACT

A pixel unit driving circuit, a pixel unit driving method and a
pixel unit, which can improve the problems of OLED panel
luminance uniformity and luminance decreasing caused by
material aging. The pixel unit driving circuit includes a driv-
ing TFT (DTFT), a matching TFT (MTFT), a first switching
element (11), a storage capacitor (Cs) and a driving control
unit (12); the driving TFT (DTFT) has a gate connected to a
first terminal of the storage capacitor (Cs), a source connected
to a second terminal of the storage capacitor (Cs) through the
first switching element (11), and a drain connected to a driv-
ing power source; the matching TFT (MTFT) has a gate and
a drain connected to the gate of the driving TFT (DTFT), and
a source connected to the source of the driving TFT (DTFT)
through the driving control unit (12); the second terminal of
the storage capacitor (Cs) is also connected to a data line
through the driving control unit (12).

vDD
{ ’ | DTFT
62
Cs MTFT \(jDriving ._l
._l control Vdata

—_— unit
¢ 61
(—\/

element

First switching

BN

*g OLED

— VSS




Patent Application Publication ~ Mar. 20,2014 Sheet 1 of 7 US 2014/0078028 A1

Scan

i
¢ DTFT
N E

VDD

Data

Fig.1

Vscan

Vdatg = —

Fig.2



Patent Application Publication ~ Mar. 20,2014 Sheet 2 of 7 US 2014/0078028 A1
—— VDD
A Y oLED
First switchingL_¢
element
12
riving
control ™9  Vdata
| unit
.__l | d [ orFT
PCs G
-lVS$S
Fig.3
-~-—VDD
Ay Y OLED
First switching —9
element
" 122
.. ~/
»econd
12 switching 9
Vdatd T MTFT clement
a ir
switching ¢ :{ E DTFT
element Cs G
——VSS

Fig.4




Patent Application Publication ~ Mar. 20,2014 Sheet 3 of 7 US 2014/0078028 A1

17
N

S1 VDD

.l_ OLED

-
vdata [T |1 ||
T3

4 [ prFr

P g G
——VSS
Fig.5
VDD
.—| l { DTFT
62
Cs MTFT \pDriving ;
| control Vdata
unit
[ 61
(\/
First switching -===-====-7
element
ig OLED
—l— VSS

Fig.6




Patent Application Publication

Mar. 20,2014 Sheet 4 of 7 US 2014/0078028 A1

VDD
621
Vdata| Third |
switching | DTFT
element Cs MTFTI Second ]
switching
element
622
61
(\J
First
switching ™9
element
i OLED
——\/SS
Fig.7
VDD
Vdata I : DTET
T3 Cs LMTFT T2
[
T1 )|
Ll
S2 T i: OLED
$1
——\/8S

Fig.8




Patent Application Publication ~ Mar. 20,2014 Sheet 5 of 7 US 2014/0078028 A1

|
|
I
Y P — | S
| |
S2 — I
|
[
| |
| |
| [ |
Fig.9
VDD
/ LED
T1
/
/7
py MTFT T2
Vdata—‘——4—| > &P G :|| DTFT
T3
Cs
L VSS

Fig.10A




Patent Application Publication ~ Mar. 20,2014 Sheet 6 of 7 US 2014/0078028 A1

VDD
—I!_é OLED

/]
T1
MTFT 12
/ P G |
Vdat - —.—-I 4 [ pTFT
Cs
1 vss
Fig.10B
E vDD
/ OLED
/
L ’
T1
A
JR—
MTFT T2
Vdata—/ —oil i—o G 4 [owFr
T3
C v

——VSS

Fig.10C



Patent Application Publication ~ Mar. 20,2014 Sheet 7 of 7 US 2014/0078028 A1

ST e

S2

<
(o3
4]
-
n|:



US 2014/0078028 A1l

PIXEL UNIT DRIVING CIRCUIT, PIXEL UNIT
DRIVING METHOD AND PIXEL UNIT

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to the technical field
of organic light emitting display technology, especially to a
pixel unit driving circuit, a pixel unit driving method and a
pixel unit.

BACKGROUND

[0002] Active Matrix Organic Light Emitting Diode
(AMOLED) can emit when being driven by a current gener-
ated by a driving Thin-film transistor (TFT) in a saturated
state. Because different driving currents will be generated due
to different threshold voltages when a same gray scale voltage
is put, causing the inconsistency of driving currents. Vth
Threshold voltages of transistors Vth of LTPS (Low-tempera-
ture Polysilicon) manufacturing process have very bad uni-
formity, meanwhile. Vth has drifting. The luminance unifor-
mity of such conventional 2T1C circuit has always been bad.

[0003] The conventional 2T1C pixel unit driving circuit is
shown in FIG. 1. The circuit has only two TFTs, T1 is used as
a switch, DTFT is used for driving a pixel. The operation of
conventional 2T1C pixel unit driving circuit is also easier.
The timing diagram of this 2T1C pixel unit driving circuit is
shown in FIG. 2. When a scan level of a scan line Scan is low,
T1 is turned on and a gray scale voltage of a data line Data
charges a capacitor C. When the scan level is high, T1 is
turned off and the capacitor C is used to store the gray scale
voltage. Since VDD (voltage outputted from a high level
output terminal of a driving power source) is high, DTFT is in
a saturated state. A driving current of OLED is I=K(Vsg-
[Vth)*<K(VDD-Vdata—IVthl)*, wherein Vsg is difference
between voltages at a source and a gate of DTFT, Vdatais the
gray scale voltage on the data line Data, K is a constant related
to transistor size and carrier mobility, once the TFT size and
process is determined, K is determined. The equation of the
driving current for this 2T1C pixel unit driving circuit con-
tains Vth. As described above, since the LTPS process is not
fully developed, even the process parameters are the same,
there is great difference between Vth of the TFTs on different
positions of the produced panel, causing the different driving
currents under the same gray level voltage. Therefore, under
this driving scheme, the luminance of different positions of a
panel will differ and the luminance uniformity is bad. At the
same time, as the usage of OLED panel extends, OLED
material ages, causing the threshold voltage of OLED
increase. The emitting efficiency of the OLED material
decreases and the brightness of the panel decreases with the
same current.

SUMMARY

[0004] The main object of the present disclosure is provid-
ing a pixel unit driving circuit, a pixel unit driving method and
a pixel unit, in order to improve the problems of luminance
uniformity of OLED panel and luminance decreasing caused
by material aging.

[0005] To achieve above objects, the present disclosure
provides a pixel unit driving circuit for driving OLED, com-
prising a driving thin film transistor (TFT), a matching TFT,
a first switching element, a storage capacitor and a driving
control unit;
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[0006] said driving TFT has a gate connected to a first
terminal of said storage capacitor, a source connected to said
OLED and connected to a second terminal of said storage
capacitor through said first switching element, and a drain
connected to a driving power source;

[0007] said matching TFT has a gate and a drain connected
to the gate of said driving TFT, and a source connected to the
source of said driving TFT through said driving control unit;
[0008] the second terminal of said storage capacitor is also
connected to a data line through said driving control unit.
[0009] Inanembodiment,said driving controlunitincludes
a second switching element and a third switching element;
[0010] the source of said matching TFT is connected to the
source of said driving TFT through said second switching
element;

[0011] the second terminal of said storage capacitor is con-
nected to said data line through said third switching element.
[0012] In an example, the source of said driving TFT is
connected to a cathode of said OLED;

[0013] the drain of said driving TFT is connected to a low
level output terminal of said driving power source;

[0014] said driving TFT and said matching TFT are P-type
TFTs.
[0015] Inthis example, said first switching element is a first

TFT, said second switching element is a second TFT, and said
third switching element is a third TFT;

[0016] said first TFT has a gate connected to a first control
line, a drain connected to the second terminal of said storage
capacitor, and a source connected to the source of said driving
TFT,

[0017] said second TFT has a gate connected to a second
control line, a drain connected to the source of said matching
TFT, and a source connected to the source of said driving
TFT,

[0018] said third TFT has a gate connected to said second
control line, a drain connected to said data line, and a source
connected to the second terminal of said storage capacitor;
[0019] said first TFT, said second TFT and said third TFT
are P-type TFTs.

[0020] In another example, the source of said driving TFT
is connected to an anode of said OLED;

[0021] thesource of said driving TFT is connected to a high
level output terminal of said driving power source;

[0022] said driving TFT and said matching TFT are n-type
TFTs.
[0023] Inthisexample, said first switching element is a first

TFT, said second switching element is a second TFT, and said
third switching element is a third TFT;

[0024] said first TFT has a gate connected to a first control
line, a drain connected to the second terminal of said storage
capacitor, and a source connected to the source of said driving
TFT,

[0025] said second TFT has a gate connected to a second
control line, a drain connected to the source of said matching
TFT, and a source connected to the source of said driving
TFT,

[0026] said third TFT has a gate connected to said second
control line, a source connected to said data line, and a drain
connected to the second terminal of said storage capacitor;
[0027] said first TFT, said second TFT and said third TFT
are n-type TFTs.
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[0028] The present disclosure also provides a pixel unit
driving method, which is applied to the above mentioned
pixel unit driving circuits, said pixel unit driving method
comprises:

[0029] a step of pixel charging: the driving control unit
controls the storage capacitor to be charged till the voltage
level of the gate of the driving TFT increases to a voltage level
that is less than the voltage level of the source of the matching
TFT by the threshold voltage of the matching TFT. At this
moment, said matching TFT is turned off and said driving
TFT is turned off;

[0030] astep of driving OLED to emit light: the first switch-
ing element turns on the connection between the source of the
driving TFT and the second terminal of said storage capacitor,
said driving TFT is turned on, said driving control unit con-
trols the gate of said driving TFT to be in a floating state, in
order to compensate the threshold voltage of said driving TFT
by the threshold voltage of said matching TFT.

[0031] In one embodiment, there is a buffering step
between the step of pixel charging and the step of driving
OLED to emitting light, wherein said driving control unit
disconnects the connection between the data line and the
second terminal of the storage capacitor, and disconnects the
connection between the source of the driving TFT and the
source of the matching TFT.

[0032] The present disclosure also provides a pixel unit,
including an OLED and the above mentioned pixel unit driv-
ing circuit,

[0033] the pixel unit driving circuit is connected to the
cathode of the OLED;

[0034] an anode of the OLED is connected to a high level
output terminal of the driving power source.

[0035] The present disclosure also provides a pixel unit,
including an OLED and the above mentioned pixel unit driv-
ing circuit,

[0036] the pixel unit driving circuit is connected to the
anode of the OLED;

[0037] a cathode of the OLED is connected to a low level
output terminal of the driving power source.

[0038] Compared to prior art, the present disclosure utilizes
the principle that the electrical property of two same designed
TFTs within the same pixel are more matching to compensate
the threshold voltage of the driving transistor for driving
OLED, meanwhile utilizes voltage feedback to compensate
the increasing threshold voltage of OLED caused by OLED
material aging, improving the problems of the luminance
uniformity of OLED panel and luminance decreasing caused
by material aging.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1is a circuit diagram of a conventional 2T1C
pixel unit driving circuit;

[0040] FIG. 2 is a control timing diagram of this conven-
tional 2T1C pixel unit driving circuit;

[0041] FIG. 3 is a circuit diagram of a pixel unit driving
circuit according to a first embodiment of the present disclo-
sure;

[0042] FIG. 4 is a circuit diagram of a pixel unit driving
circuit according to a second embodiment of the present
disclosure;

[0043] FIG. 5 is a circuit diagram of a pixel unit driving
circuit according to a third embodiment of the present disclo-
sure;
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[0044] FIG. 6 is a circuit diagram of a pixel unit driving
circuit according to a forth embodiment of the present disclo-
sure;

[0045] FIG. 7 is a circuit diagram of a pixel unit driving
circuit according to a fifth embodiment of the present disclo-
sure;

[0046] FIG. 8 is a circuit diagram of a pixel unit driving
circuit according to a sixth embodiment of the present disclo-
sure;

[0047] FIG. 9 is timing diagrams of various signals of the
pixel unit driving circuit according to the third embodiment of
the present disclosure in operation;

[0048] FIG. 10A is a equivalent circuit diagram ofthe pixel
unit driving circuit according to the third embodiment of the
present disclosure during a first time period;

[0049] FIG. 10B is a equivalent circuit diagram of the pixel
unit driving circuit according to the third embodiment of the
present disclosure during a second time period;

[0050] FIG. 10C is a equivalent circuit diagram of the pixel
unit driving circuit according to the third embodiment of the
present disclosure during a third time period;

[0051] FIG. 11 is timing diagrams of various signals of the
pixel unit driving circuit according to the sixth embodiment
of the present disclosure in operation.

DETAILED DESCRIPTION

[0052] The technical solutions in the embodiments of the
present disclosure will be described clearly and completely in
conjunction with the accompanying drawings of the present
disclosure below. Apparently, these described embodiments
are only some parts of the embodiments of the present dis-
closure, rather than all of them. All the other embodiments
obtained by the ordinary skilled in the art based on the
embodiments given in the present disclosure, without creative
modifications, are within the scope of the present disclosure.
[0053] As shown in FIG. 3, a pixel unit driving circuit
according to a first embodiment of the present disclosure,
which is used to drive OLED, includes a driving TFT DTFT,
amatching TFT MTFT, a first switching element 11, a storage
capacitor Cs and a driving control unit 12;

[0054] said driving TFT DTFT has a gate connected to a
first terminal of said storage capacitor Cs, a source connected
to a second terminal of said storage capacitor through said
first switching element 11, a drain connected to a low level
output terminal of a driving power source;

[0055] said matching TFT MTFT has a gate and a drain
connected to the gate of said driving TFT DTFT, a source
connected to the source of said driving TFT DTFT through
said driving control unit 12;

[0056] the second terminal of said storage capacitor Cs is
also connected to a data line through said driving control umt
12;

[0057] said data line outputs a data voltage Vdata;

[0058] said driving TFT DTFT and said matching TFT
MTFT are P-type TFTs.

[0059] an anode of said OLED is connected to a high level
output terminal of said driving power source, a cathode of
said OLED is connected to the source of said driving TFT
DTFT,

[0060] anoutput voltage of the high level output terminal of
said driving power source is VDD, an output voltage of the
low level output terminal of said driving power source is VSS;
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[0061] wherein, a point G is a node connected to the first
terminal of said storage capacitor Cs, a point P is a node
connected to the second terminal of said storage capacitor Cs.

[0062] When the pixel unit driving circuit according to the
first embodiment of the present disclosure operates, during a
first time period, said driving control unit 12 turns on the
connection between the source of MTFT and the source of
DTFT, and the connection between the second terminal of the
storage capacitor Cs and the data line. Since MTFT is in a
diode connection, MFTF is turned on. VDD charges the stor-
age capacitor Cs through OLED and MTFT, so that the volt-
age level of the point G (that is, the node connected to the gate
of DTFT) increases. When the voltage level of the point G
becomes as high as a voltage level, which only is less than the
voltage level of the source of MFTF by the threshold voltage
Vthm of MTFT, MTFT is turned off. Because Vthm=Vthd,
DTFT is turned off as well. However, the voltage difference
between the anode and the cathode of OLED decreases to
Vth_oled due to the loss caused by light emitting of OLED,
therefore at this moment, Vg=VDD-Vth_oled-IVthm|and a
voltage across the two terminals of the storage capacitor Cs
becomes Ve=Vg-Vp=VDD-Vth_oled-|Vthm|-Vdata;
wherein Vthd is the threshold voltage of DTFT, Vthm is the
threshold voltage of MTFT, Vth_oled is the threshold voltage
of OLED, Vg is the voltage level of the point G (the node
connected to the firstterminal of said storage capacitor), Vpis
the voltage level of the point P (the node connected to the
second terminal of said storage capacitor).

[0063] During a second time period which is a buffering
phase, said driving control unit 12 turns off the connection
between the source of MTFT and the source of DTFT, and the
connection between the second terminal of the storage
capacitor Cs and the data line. MTFT is urned off and DTFT
1s also turned off practically, both being in non-operating state
in order not to generate unnecessary interfering signal due to
switching of the transistors. At this moment, the voltage
across the two terminals of the storage capacitor Cs keeps
unchanged, that is, Ve=Vg-Vp=VDD-Vth_oled-IVthm|-
Vdata.

[0064] During a third time period, said first switching ele-
ment 11 turns on the connection between the second terminal
of the storage capacitor Cs and the source of said driving TFT
DTFT. Because the voltage level of the point P changes from
Vdata to VDD-Voled (Voled is the operating voltage of
OLED under this gray scale and is different from Vth_oled)
and the gate of DTFT is in a floating state, the voltage of Vg
changes to Vg=VDD-Vih_oled-IVthm|+VDD-Voled-
Vdata. At this moment, the voltage difference between the
source and the gate of DTFT is: Vsg=VDD-Voled-
Vg=VDD-Voled-(VDD-Vth_oled-[Vthm|+VDD-Voled—
Vdata)=Vdata+Vth_oled+/Vthm|-VDD, so that DTFT oper-
ates and a current flowing through DTFT is: I=K(Vsg-
[Vthdl)>=K(Vdata+Vth_oled+/Vthm|-VDD-IVthd|)>.
Since Vthm=Vthd, the current flowing through DTFT is:
I=K(Vdata+Vth_oled-VDD)? OLED starts to emit light till
the next frame;

[0065] wherein, K is the current coefficient of DTFT;

K=Cxnx XW'
=l X 7’
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[0066] . C,., W, L are the carrier mobility of DTFT, gate
insulating layer capacitance per unit area, channel width,
channel length, respectively;

[0067] Itisfound that the current I and the threshold voltage
Vthd of DTFT are not related, therefore, the uniformity of the
current could be improved to achieve the uniformity of lumi-
nance. And meanwhile, the calculation formula of the current
I contains the term of Vth_oled, with the extension of usage,
OLED material ages and the emitting efficiency decreases,
Vth_oled will increase, and the increasing of Vth_oled causes
the operating current to increase accordingly, so that it
improves the decreasing of panel luminance caused by mate-
rial aging.

[0068] Asshown in FIG. 4, a circuit diagram of a pixel unit
driving circuit according to a second embodiment of the
present disclosure is shown. The pixel unit driving circuit
according to the second embodiment of the present disclosure
is based on the pixel unit driving circuit according to the first
embodiment of the present disclosure.

[0069] In the pixel unit driving circuit according to the
second embodiment of the present disclosure, said driving
control unit 12 includes a second switching element 122 and
a third switching element 123;

[0070] the source of said matching TFT MTFT is con-
nected to the source of said driving TFT DTFT through said
second switching element 122;

[0071] the second terminal of said storage capacitor Cs is
connected to said data line through said third switching ele-
ment 123;

[0072] anoutputvoltage of the high level output terminal of
said driving power source is VDD, an output voltage of the
low level output terminal of said driving power source is VSS;
[0073] wherein, a point G is a node connected to the first
terminal of said storage capacitor, a point P is a node con-
nected to the second terminal of said storage capacitor.
[0074] Asshown in FIG. 5, a circuit diagram of a pixel unit
driving circuit according to a third embodiment of the present
disclosure is shown. The pixel unit driving circuit according
to the third embodiment of the present disclosure is based on
the pixel unit driving circuit according to the second embodi-
ment of the present disclosure.

[0075] Inthe pixel unitdriving circuitaccording to the third
embodiment of the present disclosure, said first switching
element is a first TFT marked as T1, said second switching
element 122 is a second TFT marked as T2, said third switch-
ing element 123 is a third TFT marked as T3;

[0076] said first TFT T1 has a gate connected to a first
control line which outputs a first control signal S1, a drain
connected to the second terminal of said storage capacitor Cs,
and a source connected to the source of said driving TFT
DTFT,

[0077] saidsecond TFT T2 has a gate connected to a second
control line which outputs a second control signal S2, a drain
connected to the source of said matching TFT MTFT, and a
source connected to the source of said driving ITT DTFT;
[0078] said third TFT T3 has a gate connected to the second
control line, a drain connected to said data line, and a source
connected to the second terminal of said storage capacitor;
[0079] all of said first TFT T1, said second TFT T2, said
third TFT T3, said matching TFT MTFT and said driving TEFT
DTFT are p-type TFTs;

[0080] anoutput voltage of the high level output terminal of
said driving power source is VDD, an output voltage of the
low level output terminal of said driving power source is VSS;
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[0081] wherein, a point G is a node connected to the first
terminal of said storage capacitor, a point P is a node con-
nected to the second terminal of said storage capacitor.
[0082] As shown in FIG. 6, a pixel unit driving circuit
according to a fourth embodiment of the present disclosure,
which is used for driving OLED, includes a driving TFT
DTFT, amatching TFT MTFT, a first switching element 61, a
storage capacitor Cs and a driving control unit 62;

[0083] said driving TFT DTFT has a gate connected to a
first terminal of said storage capacitor Cs, a source connected
to an anode of OLED and to a second terminal of said storage
capacitor Cs through said first switching element 61, and a
drain connected to a high level output terminal of a driving
power source;

[0084] said matching TFT MTFT has a gate and a drain
connected to the gate of said driving TFT DTFT, and a source
connected to the source of said driving TFT DTFT through
said driving control unit 62;

[0085] the second terminal of said storage capacitor Cs is
also connected to a data line through said driving control unit
62;

[0086] said data line outputs a data voltage Vdata;

[0087] a cathode of said OLED is connected to a low level
output terminal of said driving power source;

[0088] said driving TFT DTFT and said matching TFT
MTFT are n-type TETs;

[0089] anoutput voltage of the high level output terminal of
said driving power source is VDD, an output voltage of the
low level output terminal of said driving power source is VSS.
[0090] As shown in FIG. 7, a circuit diagram of a pixel unit
driving circuit according to a fifth embodiment of the present
disclosure is shown. The pixel unit driving circuit according
to the fifth embodiment of the present disclosure is based on
the pixel unit driving circuit according to the fourth embodi-
ment of the present disclosure.

[0091] Inthe pixel unit driving circuit according to the fifth
embodiment of the present disclosure, said driving control
unit 62 includes a second switching element 622 and a third
switching element 623;

[0092] the source of said matching TFT MTFT is con-
nected to the source of said driving TFT DTFT through said
second switching element 622;

[0093] the second terminal of said storage capacitor Cs is
connected to said data line through said third switching ele-
ment 623;

[0094] an output voltage of the high level output terminal of
said driving power source is VDD, an output voltage of the
low level output terminal of said driving power source is VSS.
[0095] As shown in FIG. 8, a circuit diagram of a pixel unit
driving circuit according to a sixth embodiment of the present
disclosure is shown. The pixel unit driving circuit according
to the sixth embodiment of the present disclosure is based on
the pixel unit driving circuit according to the fifth embodi-
ment of the present disclosure.

[0096] Inthe pixelunit driving circuit according to the sixth
embodiment of the present disclosure, said first switching
element 61 is a first TFT marked as T1, said second switching
element 622 is a second TFT marked as T2, said third switch-
ing element 623 is a third TFT marked as T3;

[0097] said first TFT T1 has a gate connected to a first
control line, a drain connected to the second terminal of said
storage capacitor Cs, and a source connected to the source of
said driving TFT DTFT;
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[0098] said second TFT T2 has a gate connected to a second
control line, a drain connected to the source of said matching
TFT MTFT, and a source connected to the source of said
driving TFT DTFT;

[0099] said third TFT T3 has a gate connected to the second
control line, a source connected to the data line, and a drain
connected to the second terminal of said storage capacitor Cs;
[0100] all of the said first TFT T1, said second TFT T2, said
third TFT T3 are n-type TFTs;

[0101] anoutputvoltage of the high level output terminal of
said driving power source is VDD, an output voltage of the
low level output terminal of said driving power source is VSS.
[0102] Below the operating process of the pixel unit driving
circuit according to the third embodiment of the present dis-
closure as shown in FIG. § will be introduced:

[0103] As shown in FIG. 9, the timing diagrams of the first
control signal S1, the second control signal S2 and the output
signal Vdata of said data line are shown;

[0104] FIG. 10A is a equivalent circuit diagram of the pixel
unit driving circuit according to the third embodiment of the
present disclosure during the first time period;

[0105] FIG. 10B is a equivalent circuit diagram of the pixel
unit driving circuit according to the third embodiment of the
present disclosure during the second time period,

[0106] FIG. 10C is a equivalent circuit diagram of the pixel
unit driving circuit according to the third embodiment of the
present disclosure during the third time period.

[0107] As shown in FIG. 10A, during the first time period,
which is the starting phase, T2 and T3 are turned on, T1 is
turned off. Since T3 is turned on, Vdata (for the pixel unit
driving circuit, relatively great voltage Vdata is needed, usu-
ally the varying range of Vdata is greater than VDD) is input-
ted; since MTFT is in a diode connection, MTFT is turned on;
VDD charges the storage capacitor Cs through OLED and
MTFT, so that the voltage level of the point G (that is, the node
connected to the gate of DTFT) increases. When the voltage
level of the point G is as high as a voltage level, which is only
less than the voltage level of the source of MFTF by the
threshold voltage Vthm of MTFT, MTFT is turned off.
Because Vthm=Vthd, DTFT is turned off as well. However,
the voltage difference between the anode and the cathode of
OLED decrease to Vth_oled due to the loss caused by light
emitting of OLED, therefore at this moment, Vg=VDD-Vth_
oled-IVthml, the voltage across the two terminals of the
storage capacitor Cs becomes Vc=Vg-Vp=VDD-Vth_oled-
[Vthm|-Vdata; wherein Vthd is the threshold voltage of
DTFT, Vthm is the threshold voltage of MTFT, Vth_oled is
the threshold voltage of OLED, Vg is the voltage level of the
point G (the node connected to the first terminal of said
storage capacitor), Vp is the voltage level of the point P (the
node connected to the second terminal of said storage capaci-
tor).

[0108] As shown in FIG. 10B, during the second time
period, which is a buffering phase, T1, T2 and T3 are all
turned off, and actually MTFT and DTFT are also turned off,
being in non-operating state in order not to generate unnec-
essary interfering signal due to switching of the transistors. At
this moment, the voltage across the two terminals of the
storage capacitor Cs keeps unchanged, that is, Vc=Vg-
Vp=VDD-Vth_oled-IVthm|-Vdata.

[0109] As shown in FIG. 10C, during the third time period,
T1 is turned on, T2 and T3 are turned off. Because the voltage
level of the point P changes from Vdata to VDD-Voled (Voled
is the operating voltage of OLED under this gray scale and is



US 2014/0078028 A1l

different from Vth_oled) and the gate of DTFT is in a floating
state, the voltage of Vg changes to Vg=VDD-Vth_oled-
[Vthm|+VDD-Voled-Vdata. At this moment, the voltage
difference between the source and the gate of DTFT is:
Vsg=VDD-Voled-Vg=VDD-Voled-(VDD-Vth_oled-
[Vthml+VDD-Voled-Vdata)=Vdata+Vth_oled+/Vthml|-
VDD, so that DTFT is turned on and a current flowing
through DTFT is: I=K(Vsg—IVthd|)*=K(Vdata+Vth_oled+
[Vthm|-VDD-[Vithd|)*. Since Vthm=Vthd, the current flow-
ing through DTFT is: [=K(Vdata+Vth_oled-VDD)? OLED
starts to emit light till the next frame;

[0110] wherein, K is the current coefficient of DTFT;
K=C .
=L XX Z ’
[0111] p,C, .. W, L are the carrier mobility of DTFT, gate

insulating layer capacitance per unit area, channel width,
channel length, respectively.

[0112] Itis found that the current I and the threshold voltage
Vthd of DTFT are not related, therefore, the uniformity of the
current could be improved to achieve the uniformity of lumi-
nance. And meanwhile, the calculation formula of the current
I contains the term of Vth_oled, with the extension of usage,
OLED material ages and the emitting efficiency decreases,
Vth_oled will increase, and the increasing of Vth_oled causes
the operating current to increase accordingly, so that it
improves the decreasing of panel luminance caused by mate-
rial aging.

[0113] Asshownin FIG. 11, the timing diagrams of the first
control signal S1, the second control signal S2 and the output
signal Vdata of said data line when the pixel unit driving
circuit according to the sixth embodiment of the present dis-
closure is in operation are shown.

[0114] Comparing the pixel unit driving circuit according
to the sixth embodiment of the present disclosure to the pixel
unit driving circuit according to the third embodiment of the
present disclosure, itis found that: all ofthe TF T's are replaced
by n-type TFTs, the cathode of OLED and the anode of OLED
are interchanged and the voltage levels in the corresponding
timing diagrams are inversed. However, the operating pro-
cesses are the same.

[0115] The prominent characteristic of the pixel unit driv-
ing circuits according to the embodiments of the present
disclosure is that, it utilizes the principle that the electrical
property of two same designed TFTs within a same pixel are
more matching to compensate the threshold voltage of the
driving transistor for driving OLED (because the positions of
two same designed TFTs within a same pixel are very close to
each other, the process circumstances for the two same
designed TFTs are the same even under the existing process
condition not fully developed, the differences in the electrical
property caused by the process are very small and could be
considered as equivalent, that is, the threshold voltage Vthm
of the matching TFT is the same as the threshold voltage Vthd
of the driving TFT DTFT), and meanwhile it utilizes voltage
feedback to compensate the increasing threshold voltage of
OLED caused by OLED material aging.
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[0116] The present disclosure also provides a pixel unit
driving method, which is applied to the above mentioned
pixel unit driving circuits, said pixel unit driving method
comprises:

[0117] a step of pixel charging: the driving control unit
controls the storage capacitor to be charged till the voltage
level of the gate of the driving TFT increases to a voltage level
that is less than the voltage level of the source of the matching
TFT by the threshold voltage of the matching TFT. At this
moment, said matching TFT is turned off and said driving
TFT is turned off;

[0118] astep ofdriving OLED to emit light: the first switch-
ing element turns on the connection between the source of the
driving TFT and the second terminal of said storage capacitor,
said driving TFT is turned on, said driving control unit con-
trols the gate of said driving TFT to be in a floating state, in
order to compensate the threshold voltage of said driving TFT
by the threshold voltage of said matching TFT.

[0119] In one embodiment, there is a buffering step
between the step of pixel charging and the step of driving
OLED to emitting light, wherein said driving control unit
disconnects the connection between the data line and the
second terminal of the storage capacitor, and disconnects the
connection between the source of the driving TFT and the
source of the matching TFT.

[0120] The present disclosure also provides a pixel unit,
including OLED and the pixel unit driving circuit according
to the first embodiment, the second embodiment or the third
embodiment;

[0121] the source of the driving TFT included in said pixel
unit driving circuit is connected to the cathode of said OLED,
the drain of said driving TFT is connected to the low level
output terminal of the driving power source, the anode of said
OLED is connected to the high level output terminal of the
driving power source.

[0122] The present disclosure also provides a pixel unit,
including OLED and the pixel unit driving circuit according
to the fourth embodiment, the fifth embodiment or the sixth
embodiment;

[0123] Thesource ofthe driving TFT included in said pixel
unit driving circuit is connected to the anode of said OLED,
the drain of said driving TFT is connected to the high level
output terminal of the driving power source, the cathode of
said OLED is connected to the low level output terminal of the
driving power source.

[0124] What needs to be explained is that, the manufactur-
ing processes of the source s and the drain g of above men-
tioned TFTs (including TFTs as switching elements, driving
TFTs and matching TFTs) are the same, their names are
exchangeable and could be changed according to the direc-
tion of the voltage. Moreover, the types of various transistors
within one pixel circuit could be the same or not, and it needs
to adjust the high and low voltage level of the corresponding
timing sequence of a gate starting signal source according to
the properties of threshold voltage of various transistors. Of
course, the preferable manner is the types of transistors,
which need the same gate starting signal source, are the same.
Even more preferable, all the TFTs within the same pixel
circuit are the same (including TFTs as switching elements,
driving TFTs and matching TFTs), that is, all of the TFT's are
n-type TFTs or all of the TFTs are p-type TFTs.

[0125] All above is only illustrative for the present disclo-
sure, not by the way of restriction. It will be understood by the
skilled in the art that, many modifications, alternations or
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equivalents can be made without departing from the spirit and
scope defined by appended claims, and are all within the
protection of the present disclosure.

1. A pixel unit driving circuit for driving OLED, including:
a driving thin Film Transistor TFT, a matching TFT, a first
switching element, a storage capacitor and a driving control
unit; wherein

the driving TFT has a gate connected to a first terminal of

the storage capacitor, a source connected to the OLED
and connected to a second terminal of the storage
capacitor through the first switching element, and a drain
connected to a driving power source;

the matching TFT has a gate and a drain connected to the

gate of the driving TFT, and a source connected to the
source of the driving TFT through the driving control
unit; and

the second terminal of the storage capacitor is also con-

nected to a data line through the driving control unit.

2. The pixel unit driving circuit according to claim 1,
wherein the driving control unit includes a second switching
element and a third switching element;

the source of the matching TFT is connected to the source

of the driving TFT through the second switching ele-
ment;

the second terminal of the storage capacitor is connected to

the data line through the third switching element.

3. The pixel unit driving circuit according to claim 1,
wherein

the source of the driving TFT is connected to a cathode of

the OLED;

the drain of the driving TFT is connected to a low level

output terminal of the driving power source; and

the driving TFT and the matching TFT are P-type TFTs.

4. The pixel unit driving circuit according to claim 3,
wherein, the first switching element is a first TFT, the second
switching element is a second TFT, the third switching ele-
ment is a third TFT;

the first TFT has a gate connected to a first control line, a

drain connected to the second terminal of the storage
capacitor, and a source connected to the source of the
driving TFT;
the second TFT has a gate connected to a second control
line, a drain connected to the source of the matching
TFT, and a source connected to the source of the driving
TFT;

the third TFT has a gate connected to the second control
line, a drain connected to the data line, and a source
connected to the second terminal of the storage capaci-
tor;

the first TFT, the second TFT and the third TFT are all

p-type TETs.

5. The pixel unit driving circuit according to claim 1,
wherein,

the source of the driving TFT is connected to an anode of

the OLED;

the drain of the driving TFT is connected to a high level

output terminal of the driving power source;

the driving TFT and the matching TFT are n-type TFTs.

6. The pixel unit driving circuit according to claim 5,
wherein,

the first switching element is a first TF T, the second switch-

ing element is a second TFT, the third switching element
is a third TFT;
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the first TFT has a gate connected to a first control line, a
drain connected to the second terminal of the storage
capacitor, and a source connected to the source of the
driving TFT;

the second TFT has a gate connected to a second control
line, a drain connected to the source of the matching
TFT, and a source connected to the source of the driving
TFT;

the third TFT has a gate connected to the second control
line, a source connected to the data line, and a drain
connected to the second terminal of the storage capaci-
tor;

the first TFT, the second TFT and the third TFT are all
n-type TFTs.

7. A pixel unit driving method, applied to the pixel unit

driving circuit according to claim 1, including the steps of:

a step of pixel charging: the driving control unit controls
the storage capacitor to be charged till the voltage level
of the gate of the driving TFT increases to a voltage level
that is less than the voltage level of the source of the
matching TFT by the threshold voltage of the matching
TFT, at this moment, the matching TFT is turned off and
the driving TFT is turned off;

a step of driving OLED to emit light: the first switching
element turns on the connection between the source of
the driving TFT and the second terminal of the storage
capacitor, the driving TFT is turned on, the driving con-
trol unit controls the driving TFT to be in a floating state,
in order to compensate the threshold voltage of the driv-
ing TFT by the threshold voltage of the matching TFT.

8. The pixel unit driving method according to claim 7,
wherein, there is also a buffering step between the step of
pixel charging and the step of driving OLED to emit light: the
driving control unit disconnects the connection between the
data line and the second terminal of the storage capacitor, and
disconnects the connection between the source of the driving
TFT and the source of the matching TFT.

9. A pixel unit including an OLED and a pixel unit driving
circuit for driving OLED, the pixel unit driving circuit includ-
ing: a driving thin Film Transistor TFT, amatching TFT, a first
switching element, a storage capacitor and a driving control
unit; wherein

the driving TFT has a gate connected to a first terminal of
the storage capacitor, a source connected to the OLED
and connected to a second terminal of the storage
capacitor through the first switching element, and a drain
connected to a driving power source;,

the matching TFT has a gate and a drain connected to the
gate of the driving TFT, and a source connected to the
source of the driving TFT through the driving control
unit; and

the second terminal of the storage capacitor is also con-
nected to a data line through the driving control unit.

10. (canceled)

11. The pixel unit according to claim 9, wherein the driving
control unit includes a second switching element and a third
switching element;

the source of the matching TFT is connected to the source

of the driving TFT through the second switching ele-
ment;

the second terminal of the storage capacitor is connected to

the data line through the third switching element.
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12. The pixel unit according to claim 9, wherein
the source of the driving TFT in the pixel unit driving
circuit is connected to a cathode of the OLED;
an anode of the OLED is connected to a high level output
terminal of the driving power source;
the drain of the driving TFT is connected to a low level
output terminal of the driving power source; and
the driving TFT and the matching TFT are P-type TFTs.
13. The pixel unit according to claim 12, wherein, the first
switching element is a first TFT, the second switching ele-
ment is a second TFT, the third switching element is a third
TFT,
the first TFT has a gate connected to a first control line, a
drain connected to the second terminal of the storage
capacitor, and a source connected to the source of the
driving TFT;
the second TFT has a gate connected to a second control
line, a drain connected to the source of the matching
TFT, and a source connected to the source of the driving
TFT,
the third TFT has a gate connected to the second control
line, a drain connected to the data line, and a source
connected to the second terminal of the storage capaci-
tor;
the first TFT, the second TFT and the third TFT are all
p-type TETs.
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14. The pixel unit according to claim 9, wherein,

the source of the driving TFT in the pixel unit driving
circuit is connected to an anode of the OLED;

a cathode of the OLED is connected to a low level output
terminal of the driving power source;

the drain of the driving TFT is connected to a high level
output terminal of the driving power source;

the driving TFT and the matching TFT are n-type TFTs.

15. The pixel unit according to claim 14, wherein,

the first switching element is a first TFT, the second switch-
ing element is a second TFT, the third switching element
is a third TFT;

the first TFT has a gate connected to a first control line, a
drain connected to the second terminal of the storage
capacitor, and a source connected to the source of the
driving TFT;

the second TFT has a gate connected to a second control
line, a drain connected to the source of the matching
TFT, and a source connected to the source of the driving
TFT;

the third TFT has a gate connected to the second control
line, a source connected to the data line, and a drain
connected to the second terminal of the storage capaci-
tor,

the first TFT, the second TFT and the third TFT are all
n-type TFTs.
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