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controlling a data signal to be written into the storage

capacitor from the data line when a signal on the first ]

scan line 1s enabled so as 10 set the voltage at the first
terminal of the storage capacitor
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controlling the second scan line to sct the voltage at
the second terminal of the storage capacitor when the
signal on the first scan line is enabled
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controlling the drive element (o output the current to
the organic hight-cmitting element to drive the organic
light-emitting element to emit light according to the |
potential difference between the first terminal and the
second terminal of the storage capacitor
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terminal of the storage capacitor
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signal on the first scan line is enabled
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controlling the drive element (o output the current to
the organic light-cmitting element to drive the organic
light-emitting element to emit light according to the |
potential difference between the first terminal and the
second terminal of the storage capacitor
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SYSTEM FOR DISPLAYING IMAGE AND
DRIVING METHOD FOR ORGANIC
LIGHT-EMITTING ELEMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 US.C. §119(a) on Patent Application No(s).
095130165 filed in Taiwan, Republic of China on Aug. 16,
2006, the entire contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of Invention

[0003] The invention relates to a system and a driving
method for a light-emitting element, and, in particular, to a
system for displaying an image and a driving method for an
organic light-emitting element.

[0004] 2. Related Art

[0005] Organic light-emitting displays (OLEDs) may be
classified into passive-matrix organic light-emitting displays
(PM-OLED) and active-matrix organic light-emitting dis-
plays (AM-OLED) according to the driving method thereof.
However, the PM-OLED has a shorter lifetime and cannot
be made with a large area due to restrictions of the driving
mode. So, the AM-OLED is more suitable for the high-
resolution and large-size applications.

[0006] The AM-OLED mainly includes an organic light-
emitting element electrically connected with a pixel driving
circuit. The pixel driving circuit is electrically connected
with a scan driving circuit and a data driving circuit. The
pixel driving circuit is controlled by the scan driving circuit
to receive the data written into the data driving circuit so as
to drive the organic light-emitting element to display the
frame data.

[0007] FIGS. 1 and 2 are equivalent circuit diagrams
showing pixel driving circuits in a conventional AM-OLED.
As shown in FIG. 1, a pixel driving circuit 1 includes a select
switch 11, a drive element 12 and a storage capacitor 13. The
pixel driving circuit 1 drives an organic light-emitting ele-
ment 14. The select switch 11 and the drive element 12 are
N-type thin film transistors. The select switch 11 has a gate
electrically connected with a scan line (SL) to receive a scan
signal from a scan driving circuit, a drain electrically con-
nected with a data line (DL) to receive a data signal from a
data driving circuit, and a source electrically connected with
the storage capacitor 13 and a gate of the drive element 12.
Two terminals of the storage capacitor 13 are respectively
electrically connected with the gate and a source of the drive
element 12. The storage capacitor 13 controls a current
outputted from the drive element 12. The organic light-
emitting element 14 is electrically connected with and
between a power source V,, and a drain of the drive
element 12. The current outputted from the drive element 12
drives the organic light-emitting element 14 to emit light.
[0008] The enabled scan signal turns on a path from the
drain to the source of the select switch 11 so that the data
signal is written into the storage capacitor 13. The storage
capacitor 13 records a voltage of the data signal for con-
trolling the current outputted from the drive element 12.
However, under this driving architecture, the organic light-
emitting element 14 is a reverse structure, which is the
reverse of the structure of the organic light-emitting element

Feb. 21, 2008

14, and is not compatible with the present manufacturing
process. In addition, the cathodes of the organic light-
emitting elements 14 of the pixel driving circuits 1 may not
be coupled with each other suitably. Thus, this pixel driving
circuit 1 is seldom used.

[0009] As shown in FIG. 2, the pixel driving circuit 1' of
FIG. 2 is different from that of FIG. 1 in that the two
terminals of the storage capacitor 13 are respectively elec-
trically connected with the gate and the drain of the drive
element 12', and the organic light-emitting element 14 is
electrically connected with and between a power source Vg
and the source of the drive element 12', wherein the power
source Vgc may have a ground voltage. However, the current
generated by the drive element 12' is influenced by the
loading voltage of the organic light-emitting element 14
under this driving architecture. When the loading voltage
increases, the driving current decreases. If the attenuated
organic light-emitting element 14 is driven by the same
current, the loading voltage on the organic light-emitting
element 14 increases, thereby decreasing the current gener-
ated by the drive element 12'. Thus, the luminance of the
organic light-emitting element 14 is influenced.

[0010] In addition, the data driving circuit has to increase
the voltage of the data signal to mitigate the problem of the
loading voltage in order to control the current generated by
the drive element 12' precisely. However, the required
high-voltage IC driver is usually made by a more expensive
semiconductor manufacturing process, thus increasing the
cost of the OLED. Furthermore, the lifetime of the organic
light-emitting element 14 is shortened if the organic light-
emitting element 14 is driven according to the conventional
method.

[0011] Therefore, it is an important subject to provide a
system for displaying an image and a driving method for an
organic light-emitting element, which can solve the above
mentioned problems.

SUMMARY OF THE INVENTION

[0012] Inview of the foregoing, the invention is to provide
a system for displaying an image and a driving method for
an organic light-emitting element, wherein the lifetime of
the organic light-emitting element can be extended.

[0013] Inview of the foregoing, the invention is to provide
a system for displaying an image and a driving method for
an organic light-emitting element, wherein the lifetime of
the organic light-emitting element can be extended.

[0014] To achieve the above, the invention discloses a
driving method, which is used in a pixel driving circuit. The
pixel driving circuit is electrically connected with a first scan
line and a data line and is for driving an organic light-
emitting element. The pixel driving circuit includes a drive
element and a storage capacitor. The driving method
includes the following steps. First, a data signal is controlled
to be written into the storage capacitor from the data line
when a signal on the first scan line is enabled, so as to set
a voltage at a first terminal of the storage capacitor. Next, a
second scan line is controlled to set a voltage at a second
terminal of the storage capacitor when the signal on the first
scan line is enabled. Finally, the drive element is controlled
to output a current to the organic light-emitting element
according to a voltage difference between the first terminal
and the second terminal of the storage capacitor to drive the
organic light-emitting element to emit light.
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[0015] As mentioned above, the output current of the drive
element is controlled according to the voltage difference
between the first terminal and the second terminal of the
storage capacitor. The first terminal of the storage capacitor
is connected with the data line and receives the data signal
and the second terminal of the storage capacitor is connected
to the second scan line and receives another scan signal
when the first scan signal is enabled. Thus, the loading
voltage of the organic light-emitting element does not influ-
ence the current outputted from the drive element, and the
terminal voltage of the organic light-emitting element con-
nected with the drive element is controlled so that the
lifetime of the organic light-emitting element can be
extended.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention will become more fully understood
from the detailed description given herein below illustration
only, and thus is not limitative of the present invention, and
wherein:

[0017] FIGS. 1 and 2 are equivalent circuit diagrams
showing pixel driving circuits in a conventional organic
light-emitting display;

[0018] FIG. 3 is an equivalent circuit diagram showing a
pixel driving circuit according to an embodiment of the
invention;

[0019] FIG. 4 shows waveforms of scan signals on scan
lines in the pixel driving circuit according to the embodi-
ment of the invention;

[0020] FIG. 5 is another equivalent circuit diagram show-
ing the pixel driving circuit according to the embodiment of
the invention;

[0021] FIG. 6 is a schematic illustration showing a system
for displaying an image according to the embodiment of the
invention; and

[0022] FIG. 7 is a flow chart showing a driving method of
the pixel driving circuit according to the embodiment of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] The present invention will be apparent from the
following detailed description, which proceeds with refer-
ence to the accompanying drawings, wherein the same
references relate to the same elements.

[0024] FIG. 3 is an equivalent circuit diagram showing a
pixel driving circuit according to an embodiment of the
invention. Referring to FIG. 3, a system for displaying an
image includes a plurality of pixel structures 2 each includ-
ing an organic light-emitting element 21 and a pixel driving
circuit 20. The pixel driving circuit 20 drives the organic
light-emitting element 21, is electrically connected with a
first scan line SU and a data line DL, and includes a storage
capacitor 22, a drive element 23, a select switch 24 and a
data switch 25. The drive element 23 electrically connected
with a power source V,,, and outputs a current 1 to the
organic light-emitting element 21 to drive the organic light-
emitting element 21 to emit light. The organic light-emitting
element 21 is electrically connected with and between the
drive element 23 and a power source Vg, and has a lighting
intensity controlled by the current 1, wherein the power
source Vg may have a ground voltage. The storage capaci-
tor 22 has a first terminal 221 and a second terminal 222,
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which are respectively electrically connected with two ter-
minals of the drive element 23 to control the current 1
outputted from the drive element 23. One terminal of the
drive element 23 is connected to a second scan line SL'. The
select switch 24 is electrically connected with the first scan
line SL to electrically connect/disconnect the data line DL
and the first terminal 221 of the storage capacitor 22. The
data switch 25 is electrically connected with the first scan
line SL to connect/disconnect the second scan line SL' and
the second terminal 222 of the storage capacitor 22.
[0025] In general, the system for displaying an image
includes the pixel structures 2, a scan driving circuit and a
data driving circuit. The pixel structures 2 are arranged in an
array. The plurality of scan lines SL connects the scan
driving circuit with the pixel driving circuit 20. The plurality
of data lines DL connects the data driving circuit with the
pixel driving circuit 20. The data driving circuit operates in
conjunction with the scan driving circuit. The scan driving
circuit sequentially outputs the scan signals to the scan lines
at different time instants and the data driving circuit writes
the data into the pixel driving circuit 20 on each scan line
through the data lines.

[0026] FIG. 4 shows waveforms of scan signals on scan
lines SL in the pixel driving circuit 20 according to the
embodiment of the invention. As shown in FIG. 4, the scan
signals on the scan lines SL, to SL; are sequentially enabled
according to the order of the scan lines SL, and the scan
signals on different scan lines SL are not enabled simulta-
neously. On the other hand, when the scan signal on each
scan line SL is disabled, the voltages thereof and the power
source Vg are equal to OV, Thus, when the scan signal on
one of the scan lines SL is enabled, the scan signal on the
previous one, the next one or any other scan line SL is
disabled, and the voltage on the any other scan line is the
same as that of the power source V..

[0027] As shown in FIG. 3, when the data is being written,
the scan signal on the first scan line SL is enabled to turn on
the select switch 24 and the data switch 25 so that the select
switch 24 turns on a path from the data line DL to the first
terminal 221 of the storage capacitor 22, and the data switch
25 turns on a path from the second scan line SL' to the
second terminal 222 of the storage capacitor 22. Because the
scan signal on the second scan line SL' is disabled, the
voltage thereof and the power source Vg are equal to OV so
that the voltage difference between the two terminals of the
storage capacitor 22 is equal to the voltage of the data line
DL, and the data signal is completely written into the storage
capacitor 22.

[0028] When the data writing operation is to be ended, the
scan signal on the first scan line SL is disabled to turn off the
select switch 24 and the data switch 25 so that the drive
element 23 is disconnected from the data line DL and the
second scan line SL'. Thus, the drive element 23 is only
controlled by the storage capacitor 22 to output the current
1, which is controlled by the voltage difference between the
first terminal 221 and the second terminal 222 of the storage
capacitor 22. Because the data signal is precisely recorded in
the storage capacitor 22, the current 1 can respond precisely
with the data signal to drive the organic light-emitting
element 21 to precisely achieve the predetermined lighting
intensity.

[0029] When the data is being written, the two terminals
of the drive element 23 are controlled by the data line DL
and the second scan line SL'. So, the loading voltage of the
organic light-emitting element 21 does not influence the
voltage difference between the two terminals of the drive
element 23 and the output current 1 thereof. Thus, the rise
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of the loading voltage caused by the attenuated organic
light-emitting element 21 also does not influence the current
1. Furthermore, because the data line DL charges/discharges
the storage capacitor 22 when it is writing the data, the
voltage at the second terminal 222 of the storage capacitor
22 approaches 0. So, the writing voltage of the data line DL
may be below 5V, and the operation voltage of the data
driving circuit may be 5V. The data driving circuit may be
implemented in an integrated circuit formed using the typi-
cal manufacturing processes such as the CMOS manufac-
turing processes, and does not have to be manufactured
using a special, expensive semiconductor manufacturing
processes, such as certain high-voltage processes, so the cost
of the data driving circuit can be reduced.

[0030] In this embodiment, the second scan line SL' may
be a previousor a next scan line adjacent to the first scan line
SL, or any other scan line, as long as the scan signal on the
second scan line SL' is disabled when the scan signal on the
first scan line SL is enabled.

[0031] Inaddition, the select switch 24 and the data switch
25 can be N-type transistors, which can be thin film tran-
sistors. The select switch 24 can have a gate electrically
connected with the first scan line SL, a drain electrically
connected with the data line DL, and a source electrically
connected with the first terminal 221 of'the storage capacitor
22. The data switch 25 can have a gate electrically connected
with the first scan line SL, a drain electrically connected
with the second terminal 222 of the storage capacitor 22, and
a source electrically connected with the second scan line SL.

[0032] The drive element 23 can be an N-type transistor
having a gate electrically connected with the first terminal
221 of the storage capacitor 22, a source electrically con-
nected with the second terminal 222 of the storage capacitor
22, and a drain electrically connected with a power source
Vpp- The current 1 outputted from the drive element 23 is
controlled by the voltage difference between the two termi-
nals of the storage capacitor 22. When the voltage difference
between the first terminal 221 and the second terminal 222
of the storage capacitor 22 increases, the current 1 outputted
from the drive element 23 increases such that the lighting
intensity of the organic light-emitting element 21 increases.
Because the data signal is precisely recorded in the storage
capacitor 22, the current 1 can precisely respond with the
data signal so as to drive the organic light-emitting element
21 to reach the predetermined lighting intensity precisely.

[0033] In addition, each organic light-emitting element 21
may be commonly connected with the power source Vg,
and the organic light-emitting element 21 does not have the
reverse structure but rather the same structure as that of the
typical organic light-emitting element. So, the organic light-
emitting element 21 is compatible with present manufactur-
ing processes.

[0034] FIG. 5 is another equivalent circuit diagram show-
ing the pixel driving circuit according to the embodiment of
the invention. Referring to FIG. 5, the pixel driving circuit
20 further includes a power switch 26, which is electrically
connected with the first scan line SL to connect/disconnect
the power source V,, and the drive element 23. When the
data is being written, in order to prevent the power source
V_, from charging the second terminal 222 of the storage
capacitor 22 through the drive element 23 so that the voltage
at the second terminal 222 of the storage capacitor 22 is
equal to the voltage of the second scan line SL', which is OV,
the power switch 26 isolates the power source V, from the
drive element 23 when the data is being written, and turns
on the path from the power source V,, to the drive element
23 after the data is written.
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[0035] 1In this embodiment, the power switch 26 is a
P-type transistor having a gate electrically connected with
the first scan line SL, a source electrically connected with
the power source V,,, and a drain electrically connected
with the drive element 23. It is to be specified that the
transistor of the power switch 26 is complementary to other
transistors in the pixel driving circuit 20. If the other
transistors, such as the drive element 23, the select switch 24
and the data switch 25, are P-type transistors, the power
switch 26 can be an N-type transistor.

[0036] FIG. 6 is a schematic illustration showing a system
for displaying an image according to the embodiment of the
invention. Referring to FIG. 6, a system 3 for displaying
image includes an electronic device 4, which has an organic
light-emitting panel 41 and an input unit 42. The organic
light-emitting panel 41 includes a pixel structure 2, a scan
driving circuit 411 and a data driving circuit 412. The pixel
structures 2 are arranged in an array on the organic light-
emitting panel 41. On the organic light-emitting panel 41, a
plurality of scan lines SL, to SL, are electrically connected
with and between the scan driving circuit 411 and the pixel
driving circuits 20, and a plurality of data lines DL, to DL,
are electrically connected with and between the data driving
circuit 412 and the pixel driving circuits 20. The scan driving
circuit 411, the data driving circuit 412, the pixel structure
2 and the pixel driving circuit 20 have been mentioned
hereinabove, and detailed descriptions thereof will be omit-
ted. The input unit 42 coupled with the organic light-
emitting panel 41 provides an input to the organic light-
emitting panel 41 to drive the organic light-emitting panel 41
to display the image. The electronic device 4 may be a
mobile phone, a digital camera, a personal digital assistant,
a notebook computer, a desktop computer, a television, a
vehicle display or a portable DVD drive.

[0037] FIG. 7 is a flow chart showing a driving method of
the pixel driving circuit according to the embodiment of the
invention. Referring to FIG. 7, the driving method for the
pixel driving circuit includes steps S01 to S03. The driving
method is used in the pixel driving circuit 20. The driving
circuit 20 drives the organic light-emitting element 21, is
electrically connected with the first scan line SL and the data
line DL and includes the drive element 23 and the storage
capacitor 22.

[0038] Step S01 controls a data signal to be written into
the storage capacitor 22 from the data line DL when a signal
on the first scan line SL is enabled so as to set the voltage
at the first terminal 221 of the storage capacitor 22. Next,
step S02 controls the second scan line SL' to set the voltage
at the second terminal 222 of the storage capacitor 22 when
the signal on the first scan line SL is enabled. Finally, step
S03 controls the drive element 23 to output the current 1 to
the organic light-emitting element 21 to drive the organic
light-emitting element 21 to emit light according to the
voltage difference between the first terminal 221 and the
second terminal 222 of the storage capacitor 22.

[0039] The driving method for the pixel driving circuit of
this embodiment may be applied to the pixel driving circuit
20 according to the embodiment of FIGS. 3 and 5, the same
elements have the same functions and effects, and detailed
aspects have been described hereinabove, so detailed
descriptions thereof will be omitted.

[0040] In summary, the output current of the drive element
is controlled according to the voltage difference between the
first terminal and the second terminal of the storage capaci-
tor. The first terminal of the storage capacitor is connected
with the data line and receives the data signal and the second
terminal of the storage capacitor is connected to the second
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scan line and receives another scan signal when the first scan
signal is enabled. Thus, the loading voltage of the organic
light-emitting element does not influence the current out-
putted from the drive element, and the terminal voltage of
the organic light-emitting element connected with the drive
element is controlled so that the lifetime of the organic
light-emitting element can be extended.

[0041] Although the invention has been described with
reference to specific embodiments, this description is not
meant to be construed in a limiting sense. Various modifi-
cations of the disclosed embodiments, as well as alternative
embodiments, will be apparent to persons skilled in the art.
It is, therefore, contemplated that the appended claims will
cover all modifications that fall within the true scope of the
invention.

What is claimed is:

1. A system for displaying an image, the system compris-
ing a plurality of pixel structures, each of the pixel structures
comprising:

an organic light-emitting element; and

a pixel driving circuit, which drives the organic light-

emitting element, is electrically connected with a first

scan line and a data line, wherein the pixel driving
circuit comprises:

a drive element outputting a current to the organic
light-emitting element,

a storage capacitor including a first terminal and a
second terminal respectively electrically connected
with two terminals of the drive element to control the
current outputted from the drive element,

a select switch electrically connected with the first scan
line to connect/disconnect the data line and the first
terminal of the storage capacitor, and

a data switch electrically connected with the first scan
line to connect/disconnect a second scan line and the
second terminal of the storage capacitor.

2. The system according to claim 1, wherein the second
scan line is a previous scan line adjacent to the first scan line.

3. The system according to claim 1, wherein the second
scan line is a next scan line adjacent to the first scan line.

4. The system according to claim 1,

wherein the select switch and the data switch are transis-

tors;

wherein the select switch comprises a gate electrically

connected with the first scan line, a drain electrically

connected with the data line and a source electrically
connected with the first terminal of the storage capaci-
tor; and

wherein the data switch has a gate electrically connected

with the first scan line, a drain electrically connected

with the second terminal of the storage capacitor and a

source electrically connected with the second scan line.

5. The system according to claim 1, wherein the drive
element is a transistor having a gate electrically connected
with the first terminal of the storage capacitor, a source
electrically connected with the second terminal of the stor-
age capacitor and a drain electrically connected with a
power source.

6. The system according to claim 1, wherein the pixel
driving circuit further comprises:

a power switch electrically connected with the first scan

line to connect/disconnect a power source and the drive

element.
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7. The system according to claim 6, wherein the power
switch is a transistor having a gate electrically connected
with the first scan line, a drain electrically connected with
the power source and a source electrically connected with
the drive element.

8. The system according to claim 6, wherein the drive
element is an N-type transistor and the power switch is a
P-type transistor.

9. The system according to claim 1, wherein the select
switch, the data switch and the drive element are N-type
transistors.

10. The system according to claim 1, wherein the pixel
structures are arranged in an array.

11. The system according to claim 1, further comprising:

a scan driving circuit electrically connected with the first

and second scan lines; and

a data driving circuit electrically connected with the data

lines, wherein the pixel structures, the scan driving
circuit and the data driving circuit constitute an organic
light-emitting panel.

12. The system according to claim 11, further comprising:

an electronic device including the organic light-emitting

panel and an input unit, the input unit being coupled
with the organic light-emitting panel and providing an
input to the organic light-emitting panel to make the
organic light-emitting panel display the image.

13. The system according to claim 12, wherein the elec-
tronic device is a mobile phone, a digital camera, a personal
digital assistant, a notebook computer, a desktop computer,
a television, a vehicle display or a portable DVD drive.

14. A driving method being used in a pixel driving circuit,
which drives an organic light-emitting element, is electri-
cally connected with a first scan line and a data line, and
comprises a drive element and a storage capacitor, the
method comprising the steps of:

controlling a data signal to be written into the storage

capacitor from the data line when a signal on the first
scan line is enabled, so as to set a voltage at a first
terminal of the storage capacitor;

controlling a second scan line to set a voltage at a second

terminal of the storage capacitor when the signal on the
first scan line is enabled; and

controlling the drive element to output a current to the

organic light-emitting element according to a voltage
difference between the first terminal and the second
terminal of the storage capacitor to drive the organic
light-emitting element to emit light.

15. The method according to claim 14, wherein a signal
on the second scan line is disabled when the signal on the
first scan line is enabled.

16. The method according to claim 14, wherein the second
scan line is a previous scan line adjacent to the first scan line.

17. The method according to claim 14, wherein the second
scan line is a next scan line adjacent to the first scan line.

18. The method according to claim 14, further comprising
the steps of:

isolating a power source from the drive element when the

first scan line is enabled; and

connecting the power source with the drive element when

the first scan line is disabled.
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