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PIXEL DRIVING CIRCUIT WITH
THRESHOLD VOLTAGE COMPENSATION

BACKGROUND

The present invention relates to a circuit in a panel display
and, in particular, to a pixel driving circuit with threshold
voltage and electroluminescent(EL) power compensation.

Active matrix organic light emitting diode (AMOLED)
displays are currently emerging next generation of flat panel
displays. As compared with an active matrix liquid crystal
display (AMLCD), an AMOLED display has many advan-
tages, such as higher contrast ratio, wider viewing angle,
thinner module without backlight, low power consumption as
well as low cost. Unlike an AMLCD display, which is driven
by a voltage source, an AMOLED display requires a current
source to drive an EL device. The brightness of the EL device
is proportional to the current conducted thereby. Variations of
current level have great impact on brightness uniformity of an
AMOLED display. Thus, the quality of a pixel driving circuit
is critical to display quality.

FIG. 1 illustrates a conventional 2T1C(2 transistors and 1
capacitor) circuit for each pixel in an AMOLED display.
When a signal SCAN turns on a transistor M1, data shown as
V s 10 the figure is loaded into a gate of a p-type transistor
M2 and stored in the capacitor Cst. Thus, there will be a
constant current driving the EL device to emit light. Typically,
in an AMOLED, a current source is implemented by a P-type
TFT(M2 in FIG. 1) gated by a data voltage V., and having
source and drain connected to V ;, and the anode of the elec-
troluminescent(EL) device, respectively, as shown in FIG. 1.
The brightness of the EL device with respect to V ,,, there-
fore has the following relation.

Brightness « current « (V -V, -V,)*

where V,, is a threshold voltage of M2 and V , is a power
supply voltage.

Since there is typically a variation of V,, for LTPS type TFT
due to a low temperature polysilicon (LTPS) process, it is
supposed that a non-uniformity problem in brightness exists
in AMOLED display if V,, is not properly compensated.
Moreover, a voltage drop on the power line also causes the
brightness non-uniformity problem. To overcome such prob-
lems, implementation of a pixel driving circuit with V,;, and
V ;; compensation to improve display uniformity is desired.

SUMMARY

Embodiments of the present invention disclose a pixel
driving circuit with threshold voltage and EL power compen-
sation. Variations of input voltage affecting pixel current,
arising from variations such as in switch threshold voltage,
power supply voltage or both, are compensated and the driv-
ing current is less affected by, and depending on the circuit
design could be independent of V,;, (V ;). Thus, the bright-
ness of each pixel is independent of V;, (V 5.

A pixel driving circuit with threshold voltage compensa-
tion according to some embodiments of the present invention
comprises a storage capacitor, a transferring circuit, a driving
transistor, and a switching circuit. The transferring circuit
transfers a data signal or a variable reference signal to the first
node of the storage capacitor. The driving transistor has a first
terminal coupled to a first fixed potential and a second termi-
nal coupled to the second node of the storage capacitor. The
switching circuit is coupled to a third terminal of the driving
transistor and the second node of the storage capacitor. The
switching circuit can be controlled to make the driving tran-
sistor diode connected.

A method for driving a display device according to one
embodiment of the present invention comprises loading a
data signal, a threshold voltage of a first transistor and a fixed
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2

potential into the storage capacitor. The loaded data signal,
the loaded threshold voltage of the first transistor and the
loaded fixed potential are coupled to the first transistor to
provide a driving current independent of threshold or fixed
potential to the display device.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram illustrating the structure of a
conventional 2T1C (2 transistors and 1 capacitor) circuit for
each pixel in an AMOLED display.

FIG. 2 is a circuit diagram showing the structure of a pixel
driving circuit according to one embodiment of the present
invention.

FIG. 3 is a timing diagram illustrating the timing of a scan
signal in the scan line Scan and a reference signal V, for the
pixel driving circuit shown in FIG. 2.

FIG. 4 is a diagram showing the percentage of a current
variation with respect to a V,, variation in a conventional
circuit and that in a pixel driving circuit according to one
embodiment of the present invention.

FIG. 5 is a flow chart illustrating a method for driving a
display device in accordance with an embodiment of the
present invention.

FIG. 6 is a block diagram showing the structure of a panel
display according to one embodiment of the present inven-
tion.

FIG. 7 is a circuit diagram showing a pixel driving circuit
according to another embodiment of the present invention.

FIG. 8 is a timing diagram showing the timing of scan
signals Scan, ScanX and a reference signal V , for the pixel
driving circuit shown in FIG. 7.

FIG. 9 is a logic diagram showing the structure of a refer-
ence signal generator according to one embodiment of the
present invention as well as its behavior in each logic.

FIG. 10 is a logic diagram showing the structure of a
reference signal generator according to another embodiment
of the present invention as well as its behavior in each logic.

FIG. 11 is a circuit diagram showing a pixel driving circuit
according to another embodiment of the present invention.

FIG. 12 is a timing diagram showing the timing of scan
signals Scan, ScanX and a reference signal V , for the pixel
driving circuit shown in FIG. 11.

FIG. 13 is a schematic diagram of an electronic device
comprising the disclosed panel display in FIG. 6.

DETAILED DESCRIPTION

FIG. 2. is a circuit diagram showing a structure of a pixel
driving circuit having threshold voltage and power compen-
sation according to a first embodiment of the present inven-
tion. The pixel driving circuit 200 comprises a storage capaci-
tor Cst, a transferring circuit 210, a driving transistor 221, and
a switching circuit 220. The transferring circuit 210 is
coupled to a first node A of the storage capacitor Cst and
transfers a data signal Data or a variable reference signal V,
thereto. The variable reference signal VD can be a pulse
reference signal. The driving transistor 221 is a PMOS tran-
sistor and has a first terminal (source) coupled to a first fixed
potential and a second terminal (gate) coupled to a second
node B of the storage capacitor. More specifically, the first
fixed potential is a power supply potential V.. The switch-
ing circuit 220 is coupled to a third terminal (drain) of the
driving transistor 221 and the second node B of the storage
capacitor. The switching circuit 220 can be controlled to
make the driving transistor 221 diode connected. A display
device EL is coupled to the switching circuit 220. Preferably,
the display device EL can be an electroluminescent device.
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Additionally, a cathode of the display device EL is coupled to
a second fixed potential. More specifically, the second fixed
potential is a ground potential V .

A transferring circuit 210 according to this embodiment of
the present invention comprises a first transistor 211 and a
second transistor 213, as shown in FIG. 2. In FIG. 2, the first
and second transistors are a PMOS and a NMOS transistor
respectively. A first terminal (source) of the first transistor 211
receives the data signal Data. A second terminal (gate) and a
third terminal (drain) of the first transistor 211 are connected
to a first scan line Scan and the first node A of the storage
capacitor Cst, respectively. A first terminal (drain) of the
second transistor 213 receives a variable reference signal V5.
A second terminal (gate) and a third terminal (source) of the
second transistor 213 are connected to a second scan line
ScanX and the first node A of the storage capacitor Cst,
respectively. More specifically, the first transistor 211 and the
second transistor 213 are thin film transistors. Preferably, the
thin film transistors are polysilicon thin film transistors, pro-
viding higher current driving capability. When a first scan line
Scan is pulled low, the transferring circuit 210 transfers a data
signal Data to the first node A of the storage capacitor Cst.
When a second scan line ScanX is pulled high, the transfer-
ring circuit 210 transfers the variable reference signal V,, to
the first node A of the storage capacitor Cst.

A switching circuit 220 according to the embodiment of
the present invention comprises a third transistor 223 and a
fourth transistor 225, as shown in FIG. 2. As shown in FIG. 2,
the third and fourth transistors are a NMOS and a PMOS
transistor respectively. A first (source) terminal of the third
transistor 223 is connected to the anode of the display device
EL, while a second (gate) and a third (drain) terminal of the
third transistor 223 are connected to the second scan line
ScanX and a third (drain) terminal of the driving transistor
221, respectively. A first (drain) terminal of the fourth tran-
sistor 225 is coupled to the third (drain) terminals of the
driving transistor 221 and the third transistor 223. A second
(source) terminal of the fourth transistor 225 is coupled to the
second node B of the storage capacitor Cst and the second
(gate) terminal of the driving transistor 221. A third (gate)
terminal of the fourth transistor 225 is connected to the first
scan line Scan. More specifically, the third transistor 223 and
the fourth transistor 225 are thin film transistors. Preferably,
the thin film transistors are polysilicon thin film transistors,
providing higher current driving capability. When the first
scan line is pulled low, the fourth transistor 225 in the switch-
ing circuit makes the driving transistor 221 as a diode-con-
nected transistor.

FIG. 3 illustrates a timing diagram of signals of the first and
second scan lines Scan, ScanX and a variable reference signal
V, for the pixel driving circuit 200 shown in FIG. 2. From a
previous emission mode of the pixel driving circuit, when the
signal V, is pulled high and the signals Scan and ScanX are
kept high, the pixel driving circuit 200 in F1G. 2 is operated in
a discharge mode 302. In this discharge mode, a high-level
reference signal V, is inputted to the node A of the storage
capacitor Cstand thus turn on the transistors 223 and 225. The
charge stored in the storage capacitor Cstis thus discharged in
this discharge mode 302. The discharge of the storage capaci-
tor Cst ensures the normal operation of a diode-connected
driving transistor 221 and the fourth transistor 225 in subse-
quent steps.

Following the discharge of the storage capacitor Cst, the
scan lines Scan and ScanX are pulled low, and then the pixel
driving circuit 200 enters a scan mode 304. When the first and
the second scan lines Scan and ScanX are pulled low, the
transistors 211 and 225 are turned on while the transistors 213
and 223 are turned off. Since the transistors 211 and 225 are
turned on, a voltage V, at the first node A of the storage
capacitor Cst equals a voltage V,,, of the data signal Data
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and a voltage V; at the second node B of the storage capacitor
Cst equals a voltage of V;,~V,,, where V, is the threshold
voltage of the driving transistor 221. Thus, the stored voltage
across the storage capacitoris V-V =V -V +V, .

When the first scan line Scan and the second scan line
ScanX are pulled high, the scan mode 304 ends and the pixel
driving circuit 200 enters an emission mode 306. Addition-
ally, at substantially the end of the scan mode 304, the refer-
ence signal V, is pulled low. Since the first scan line Scan is
kept high and the second scan line ScanX is also pulled high,
the transistors 211 and 225 are turned off while the transistors
213 and 223 are turned on. Since V, is pulled to OV and the
transistor 213 is turned on, the voltage V , at the first node A
of the storage capacitor Cst is also pulled to OV. The voltage
across the storage capacitor cannot be changed immediately
and the voltage V ; at the second node B of the storage capaci-
tor Cst becomes V ;; -V ;,..—V .- The electrical current flow-
ing through the display device is proportional to (V. Sg—\/th)2
and is therefore proportional to V.2 Thus, the current
flowing through the display device is independent of the
threshold voltage V , of the driving transistor 221 as well as
V ., the driving power supply potential of the driving tran-
sistor 221. The afore-described operation repeats as the pixel
driving circuit controls the emissions of the pixel.

FIG. 4 shows a percentage of current variation with respect
to V,, variation for conventional technology and for the pixel
driving circuit 200 according to the embodiment of the
present invention. A threshold voltage V,,=1.4V is given as
the standard. In the conventional technology, when the
threshold voltage V , deviates from 1.4V, the current variation
becomes significant. It is found that with the pixel driving
circuit 200 according to the embodiment of the present inven-
tion, the current variation is negligible when compared with
conventional technology.

FIG. 7 shows a second embodiment of the present inven-
tion which discloses a structure similar to the pixel driving
circuit shownin F1G. 2, except that the first scan line Scan and
the second scan line ScanX in FIG. 2 are tied together and
controlled by the same signal Scan. FIG. 8 illustrates a timing
diagram of a signal Scan of the scan lines and a variable
reference signal V, for the pixel driving circuit 700 shown in
FIG. 7.

FIG. 11 shows a third embodiment of the present invention
which discloses a structure similar to the pixel driving circuit
shown in FIG. 2 with the exception noted below. FIG. 12isa
timing diagram showing the timing of scan signals Scan,
ScanX and a reference signal V, for the pixel driving circuit
shown in FIG. 11. The difference between FIG. 2 and FIG. 11
1s that the transistors controlled by the second scan line ScanX
are of opposite type. Thus, the signal of the second scan line
ScanX is also reversed, shown in FIG. 12, to make the pixel
driving circuit shown in FIG. 11 work. In this embodiment, as
shown in FIG. 12, also three modes are provided. Its operation
is similar to the description in relation to the first embodiment
and thus can be understood by skilled person without further
elaboration needed here.

Herein, the present invention also provides embodiments
of the reference signal generator. One embodiment of the
reference signal generator comprises two NAND gates 930,
950 and two AND gates 910, 970, as shown in FIG. 9. Signals
VSR 1and VSR2 aresent to two inputs 911,913 of a first AND
gate 910, wherein VSR1 and VSR2 stand for signals gener-
ated by vertical shift registers in a gate driver circuit. An
output signal of the first AND gate 910 and a first enabling
signal ENBV1 are respectively sent to a first and a second
input 931,933 of a first NAND gate 930, thus generating a first
scan signal ScanX. The output signal of the first AND gate
910 and enabling signals ENBV1, ENBV?2 are sent to inputs
951, 953 and 955 of a second NAND gate 950. As a result, the
second NAND gate 950 generates a second scan signal Scan.
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The output signal of the first AND gate 910 and the second
enabling signal ENBV?2 are respectively sent to a first and a
second input 971, 973 of a second AND gate 970, thus pro-
viding a reference signal VD.

FIG. 10 shows another embodiment of the reference signal
generator. This embodiment of the reference signal generator
comprises two NAND gates 110,120 and one AND gate 130.
Signals VSR1, VSR2 and ENBV1 are sent to inputs 111, 113
and 115 of a first NAND gate 110, thus providing a first scan
signal ScanX. The signals VSR 1, VSR2, ENBVI1 and
ENBV2 are sent to inputs 121, 123, 125 and 127 of a second
NAND gate 120. As a result, the second NAND gate 120
generates a second scan signal Scan. The signals VSR1,
VSR2 and ENBV?2 are sent to inputs 131, 133 and 135 of the
AND gate 130, thus generating a signal VD.

Additionally, embodiments of the present invention also
provide a panel display. As shown in FIG. 6, the panel display
600 comprises a pixel array 610 and a controller 640 . The
pixel array 610 comprises a plurality of the pixel driving
circuits shown in FIG. 2. The controller is operatively coupled
to the pixel array and controls the operations of the storage
capacitor, the transferring circuit, the driving element, and the
switching circuit. In addition, embodiments of the invention
also provide an electronic device comprising the disclosed
panel display in FIG. 6, as shown in FIG. 13.

FIG. 5 illustrates an embodiment of a method for driving a
display device according to the present invention. The driving
method begins with discharging a storage capacitor during a
discharge mode (step 510). The discharge mode occurs before
a scan mode and, preferably, begins with a first switching of
the reference signal and ends at the beginning of a scan mode.
Thereafter, a data signal, a threshold voltage of a driving
transistor 221 and a fixed potential are loaded into the storage
capacitor during the scan mode(step 520). Subsequently, the
loaded data signal, the loaded threshold voltage of the first
transistor and the loaded fixed potential are coupled to the first
transistor to provide a driving current that is independent of a
threshold or fixed potential to the display device (step 530).
More specifically, the display device is an electroluminescent
device in accordance with one embodiment. The scan mode is
substantially completed when a second switching of the ref-
erence signal occurs and the pixel driving circuit enters emis-
sion mode.

Preferably, the second switching of the reference signal
occurs before the end of the scan mode such that improved
display quality can be obtained. Additionally, the gate of the
driving transistor is connected to the storage capacitor and the
source of the driving transistor is connected to the fixed
potential. More specifically, the fixed potential is a power
supply potential.

Embodiments of the present invention provide a pixel driv-
ing circuit with threshold voltage compensation. Variations of
threshold voltage, power supply voltage or both, are compen-
sated and a driving currentis V,, (V ,)-independent. Thus, the
brightness of each pixel is V,,(V ,)-independent.

While the present invention has been described by way of
example and in terms of several embodiments, it is to be
understood that the present invention is not limited to the
disclosed embodiments. To the contrary, it is intended to
cover various modifications and (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications.

What is claimed is:

1. A pixel driving circuit, comprising;

a storage capacitor having a first and second node;

atransferring circuit coupled to the first node of the storage
capacitor, the transferring circuit transferring a data sig-
nal or a variable reference signal to the first node of the
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storage capacitor, wherein the variable reference signal

is a pulsed reference signal;

a driving element having a first terminal coupled to a first
fixed potential, a second terminal coupled to the second
node of the storage capacitor, and a third terminal for
outputting a driving current;

a switching circuit, coupled to the third terminal of the
driving element and the second node of the storage
capacitor, capable of making the driving element diode-
connected in one time period and allowing the driving
current to be output to a display element in another time
period; and

a reference signal generator coupled to the transferring
circuit, wherein the reference signal generator com-
prises:

a first AND gate, with two inputs receiving signals from
vertical shift registers, the first AND gate generating
an output signal;

a first NAND gate, with a first input receiving the output
signal from the first AND gate and a second input
receiving a first enabling signal, the first NAND gate
generating a first scan signal for a second scan line;

a second NAND gate, with three inputs receiving the
output signal from the first AND gate, the first
enabling signal, and a second enabling signal respec-
tively, the second NAND gate generating a second
scan signal for a first scan line; and

a second AND gate, with a first input receiving the
output signal from the first AND gate and a second
input receiving the second enabling signal, the second
AND gate generating a reference signal.

2. The pixel driving circuit as claimed in claim 1, wherein
the driving element is a PMOS transistor.

3. The pixel driving circuit as claimed in claim 1, wherein
the transferring circuit comprises:

a first transistor, having a first terminal receiving the data
signal, a second terminal connected to a first scan line,
and a third terminal coupled to the first node of the
storage capacitor; and

a second transistor, having a first terminal receiving the
variable reference signal, a second terminal connected to
a second scan line, and a third terminal coupled to the
first node of the storage capacitor.

4. The pixel driving circuit as claimed in claim 3, wherein
the first and second transistors are a PMOS and a NMOS
transistor respectively.

5. The pixel driving circuit as claimed in claim 3, wherein
the first and second transistors are PMOS transistors.

6. The pixel driving circuit as claimed in claim 3, wherein
the first and second transistors are polysilicon thin film tran-
sistors.

7. The pixel driving circuit as claimed in claim 4, wherein
the first and the second scan lines respectively have pulses in
the same polarity.

8. The pixel driving circuit as claimed in claim 5, wherein
the first and the second scan lines respectively have pulses in
different polarities.

9. The pixel driving circuit as claimed in claim 7, wherein
the second scan line has a pulse-over timing later than that of
the first scan line.

10. The pixel driving circuit as claimed in claim 4, wherein
the first and the second scan lines are tied together.

11. The pixel driving circuit as claimed in claim 1, wherein
the switching circuit comprises:

a third transistor, having a first terminal connected to the

display element, a second terminal connected to a sec-
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ond scan line, and a third terminal connected to a third

terminal of the driving element; and

a fourth transistor, having a first terminal coupled to the
third terminals of the driving element and the third tran-
sistor, a second terminal coupled to the second node of
the storage capacitor and the second terminal of the
driving element, and a third terminal connected to a first
scan line.

12. The pixel driving circuit as claimed in claim 11,
wherein the third and fourth transistors are a NMOS and a
PMOS transistor respectively.

13. The pixel driving circuit as claimed in claim 11,
wherein the third and fourth transistors are PMOS transistors.

14. The pixel driving circuit as claimed in claim 11,
wherein the third and fourth transistors are polysilicon thin
film transistors.

15. The pixel driving circuit as claimed in claim 1, wherein
the first fixed potential is a power supply potential.

16. The pixel driving circuit as claimed in claim 1, wherein
the display device is an electroluminescent device.

17. A pixel driving circuit, comprising:

a storage capacitor having a first and second node;

atransferring circuit coupled to the first node of the storage
capacitor, the transferring circuit transferring a data sig-
nal or a variable reference signal to the first node of the
storage capacitor, wherein the variable reference signal
is a pulsed reference signal:

a driving element having a first terminal coupled to a first
fixed potential, a second terminal coupled to the second
node of the storage capacitor, and a third terminal for
outputting a driving current;

a switching circuit, coupled to the third terminal of the
driving element and the second node of the storage
capacitor, capable of making the driving element diode-
connected in one time period and allowing the driving
current to be output to a display element in another time
period; and

a reference signal generator coupled to the transferring
circuit, wherein the reference signal generator com-
prises:

a first NAND gate, with two inputs receiving signals
from vertical shift registers and a third input receiving
a first enabling signal, the first NAND gate generating
a first scan signal for the second scan line;

a second NAND gate, with two inputs receiving signals
from vertical shift registers and two inputs receiving
the first enabling signal and a second enabling signal
respectively, the second NAND gate generating a sec-
ond scan signal for the first scan line: and

a AND gate, with two inputs receiving signals from
vertical shift registers and a third input receiving a
second enabling signal, the AND gate generating a
reference signal.

18. A method for driving a display element with a driving
element and a storage capacitor, the method comprising the
steps of:

discharging the storage capacitor through a switchable cir-
cuit by applying a reference signal thereto, wherein the
reference signal is a pulsed reference signal generated
by a reference signal generator that comprises:
afirst AND gate, with two inputs receiving signals from

vertical shift registers, the first AND gate generating
an output signal;
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a first NAND gate, with a first input receiving the output
signal from the first AND gate and a second input
receiving a first enabling signal, the first NAND gate
generating a first scan signal for a second scan line;

a second NAND gate, with three inputs receiving the
output signal from the first AND gate, the first
enabling signal, and a second enabling signal respec-
tively, the second NAND gate generating a second
scan signal for a first scan line; and

a second AND gate, with a first input receiving the
output signal from the first AND gate and a second
input receiving the second enabling signal, the second
AND gate generating a reference signal,

loading a data signal and a threshold voltage of the driving

element into the storage capacitor; and

coupling the loaded data signal and the loaded threshold

voltage into the driving element to provide a threshold-

independent driving current to the display element.

19. The method as claimed in claim 18, wherein:

in the loading step, a fixed supply potential, along with the

data signal and the threshold voltage of the first transis-

tor, is also loaded into the storage capacitor; and

in the coupling step, the loaded fixed supply potential,

along with the loaded data signal and the loaded thresh-

old voltage, is also coupled to the driving element.

20. The method as claimed in claim 19, wherein the step of
discharging the storage capacitor begins at a timing when the
reference signalis applied to the storage capacitor with a high
level before the loading step.

21. The method as claimed in claim 19, wherein the step of
loading begins with a scan mode at a timing that an active scan
line is applied to a switch element to allow the data signal
being applied to the storage capacitor.

22. The method as claimed in claim 18, wherein step of
coupling the loaded data signal, the loaded threshold voltage
and the loaded fixed potential to the driving element begins
with the scan mode at a timing after the reference signal is
applied to the storage capacitor with a low level.

23. The method as claimed in claim 21, wherein the refer-
ence signal changes its state before it is allowed being applied
to the storage capacitor through a switch element.

24. The method as claimed in claim 18, wherein the driving
element has a gate connected to the storage capacitor and a
source connected to the fixed potential.

25. The method as claimed in claim 18, wherein the fixed
potential is a power supply potential.

26. The method as claimed in claim 18, wherein the display
device is an electroluminescent device.

27. A display panel, comprising:

apixel array comprising a plurality of pixel driving circuits

as claimed in claim 1; and

a controller operatively coupled to the pixel array, control-

ling the operations of the storage capacitor, the transfer-

ring circuit, the driving element, and the switching cir-
cuit.

28. An electronic device comprising the display panel as
claimed in claim 27.

29. The pixel driving circuit as claimed in claim 8, wherein
the second scan line has a pulse-over timing later than that of
the first scan line.

30. The method as claimed in claim 22, wherein the refer-
ence signal changes its state before it is allowed being applied
to the storage capacitor through a switch element.
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