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PIXEL DRIVING CIRCUIT FOR LIGHT
EMITTING DISPLAY PANEL

FIELD OF THE INVENTION

[0001] The present invention relates generally to a display
panel having a plurality of pixels made of light-emitting
diodes and, more particularly, to a circuit for driving the
pixels.

BACKGROUND OF THE INVENTION

[0002] Light-emitting devices, such as organic light-emit-
ting diodes (OLEDs), have been used in an active-matrix
OLED (AMOLED) display. An active-matrix OLED
(AMOLED) display panel consists of a two dimensional
array of OLED pixels deposited or integrated onto a thin-film
transistor (TFT) array. A typical OLED display panel is
shown in FIG. 1. As shown, the display panel 1 has a plurality
of pixels 10 arranged in rows and columns in a display area
100driven by a data driver 200 and a gate driver 300. The data
driver 200 is used to provide signals indicative of data on a
data line to each of the columns and a gate driver 300 is used
to provide a gate line signal to each of the rows. In a color
OLED display panel, an image is generally presented in three
colors: red (R), green (G) and blue (B). Each of the pixels 10
is typically divided into three color sub-pixels: red sub-pixel
20R, green sub-pixel 20G and blue sub-pixel 20B, as shown
in FIG. 2. A data line 221 is used to provide the data signal to
the R sub-pixel in a column, a data line 222 is used to provide
the data signal to the G sub-pixel in the same pixel column,
and a data line 223 is used to provide the data signal to the B
sub-pixel in the same pixel column. The data line 224 is used
to provide the data signal to the R sub-pixel in the next pixel
column. A gate line 231 is used to provide the gate line signal
to all sub-pixels in a row and a gate line 232 is used to provide
the gate line signal to all sub-pixels in the next row.

SUMMARY OF THE INVENTION

[0003] Thepresent invention provides a method and a pixel
driving circuit in which two or more current paths through a
plurality of switching elements are used to provide the nec-
essary current to one or more OLEDs in a pixel. In particular,
the control end of each switching element is connected to the
control end of the other switching elements. According to the
present invention, the gate terminal of one switching element
is connected to the gate terminal of another switching ele-
ment, whereas each switching element is connected to a dif-
ferent power source line. According to various embodiments
of the present invention, the different source lines are sepa-
rately connected to different power sources so that the current
in each current path can be separately adjustable.

[0004] Thus, the first aspect of the present invention is a
light-emitting display panel. The display panel comprises:

[0005] a plurality of pixels arranged in a plurality of rows
and columns;
[0006] a plurality of data lines, each data line arranged to

provide data signals to the pixels in a column;

[0007] a plurality of gate lines, each gate line arranged to
provide scan signals to the pixels in a row, wherein each pixel
comptises:

[0008] acontrol switching element having a first switching
end arranged to receive data signals from a data line, a second
switching end, and a control end arranged to receive a scan
signal,
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[0009] a first switching element comprising:

[0010] afirst switching terminal arranged to receive elec-
trical power for providing a first current in a first current
path; a second switching terminal connected to a light-
emitting component; and a control terminal connected to
the second switching end of the control switching ele-
ment; and

[0011] a second switching element comprising: a first
switching terminal arranged to receive electrical power for
providing a second current in a second current path; a second
switching terminal connected to the light-emitting compo-
nent; and a control terminal connected to the second switch-
ing end of the control switching element.

[0012] According to some embodiments, the light-emitting
component comprises: a first light-emitting diode arranged to
receive the first current from the first current path; and a
second light-emitting diode arranged to receive the second
current from the second current path.

[0013] According to various embodiments of the present
invention, each pixel comprises:

[0014] a first capacitor connected between the first switch-
ing terminal and the control terminal of the first switching
element, and a second capacitor connected between the
switching terminal and the control terminal of the second
switching element.

[0015] The first switching element is arranged to receive
electrical power from a first power source and the second
switching element is arranged to receive electrical power
from a different second power source.

[0016] According to one embodiment of the present inven-
tion, each pixel comprises a pixel length, wherein the first
switching element and the first light-emitting diode are
located at a first end of the pixel length, and the second
switching element and the second light-emitting diode are
located at a second end of the pixel length. Each pixel is
adjacent to a first power source line and a second power line
along the pixel length, the first switching element arranged to
receive electrical power from a first power source line and the
second switching element arranged to receive electrical
power from a second power source line.

[0017] The second aspect of the present invention is a
method for use in a light-emitting display panel, the light-
emitting display panel comprising:

[0018] a plurality of pixels arranged in a plurality of rows
and columns;
[0019] a plurality of data lines, each data line arranged to

provide data signals to the pixels in a column;

[0020] a plurality of gate lines, each gate line arranged to
provide scan signals to the pixels in a row, wherein each pixel
comprises a light-emitting component, wherein each of the
pixels comprises a control switching element having a first
switching end arranged to receive data signals from a data
line, a second switching end, and a control end arranged to
receive a scan signal, and each of the pixels comprises a light
emitting component, said method comprising:

[0021] disposing a first current path in said each of the
pixels for providing a first current to the light emitting com-
ponent, and

[0022] disposing a different second current path in said
each of the pixels for providing a second current to the light
emitting component,

[0023] controlling the first current in the first current path
through a first switching element, and
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[0024] controlling the second current in the second current
path through a second switching element, the first switching
element comprising;

[0025] afirst switching terminal arranged to receive elec-
trical power for providing the first current in the first
current path, a second switching terminal connected to
the light-emitting component, and a control terminal
connected to the second switching end of the control
switching element; and

[0026] the second switching element comprising: a first
switching terminal arranged to receive electrical power for
providing the second current in the second current path, a
second switching terminal connected to the light-emitting
component, and a control terminal connected to the second
switching end of the control switching element.

[0027] According to various embodiments of the present
invention, the light-emitting component comprises: a first
light-emitting diode arranged to receive the first current from
the first current path; and a second light-emitting diode
arranged to receive the second current from the second cur-
rent path. Each pixel comprises a pixel length, wherein the
first switching element and the first light-emitting diode are
located at a first end of the pixel length, and the second
switching element and the second light-emitting diode are
located at a second end of the pixel length.

[0028] The present invention will become apparent upon
reading the description taken in conjunction with FIGS. 3 to
11.

BRIEF DESCRIPTION OF THE INVENTION

[0029] FIG. 1 shows a typical OLED display panel.
[0030] FIG. 2 shows three color sub-pixels in a pixel in a
typical OLED display panel.

[0031] FIG. 3 shows a portion of the display area having a
plurality of pixels, according to various embodiments of the
present invention.

[0032] FIG. 4 shows a pixel and its driving circuit, accord-
ing to one embodiment of the present invention.

[0033] FIG. 5 shows a pixel and its driving circuit, accord-
ing to another embodiment of the present invention.

[0034] FIG. 6 shows a pixel and its driving circuit, accord-
ing to yet another embodiment of the present invention.
[0035] FIG. 7 shows a pixel and its driving circuit, accord-
ing to still another embodiment of the present invention.
[0036] FIG. 8 shows a pixel and its driving circuit, accord-
ing to a different embodiment of the present invention.
[0037] FIG.9 shows a pixel and its driving circuit, accord-
ing to yet another embodiment of the present invention.
[0038] FIG. 10 shows an exemplary layout of a pixel,
according to the present invention.

[0039] FIG. 11 shows another layout of a pixel, according
to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Inatypical OLED display panel, a power source is
used to provide a voltage to a plurality of pixels. A conductor
is used to provide the voltage to each of the pixels as a drain
voltage applied to a TFT which regulates the current through
a connecting OLED. The conductor inherently has a resis-
tance, causing a drop in the voltage in proportion to the
current. The voltage drop can be substantial if the current is
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high. As a result, the brightness of the display may vary
noticeably among the pixels, affecting the viewing quality of
an OLED display panel.

[0041] The present invention provides a pixel driving cir-
cuit and a method for improving the viewing quality of the
OLED display panel by reducing the voltage drop in the
pixels. According to various embodiments of the present
invention, the drain voltage applied to the switching elements
in the OLED pixels comprises two or more separate lines
0OVvddl, OVdd2. If the source voltage line in each pixel is
short, it is sufficient to use only one source voltage line OVss.
For example, if the OLED is fabricated on a substrate where
one end of the diode is in direct contact with an electrically
conducting plane, the voltage drop on the OVss side is neg-
ligible. However, it is also possible to use two or more OVss
lines. As shownin FIG. 3, each pixel 22 has a pixel area 30 and
each pixel area 30 has two separate conductors connected to
0OVddl and OVdd2. Gn, Gn+1, . . . are gate lines for providing
gate line data and Dm, Dm+1, . . . are data lines for providing
data signal.

[0042] Inoneembodiment of the present invention, a pixel
area 30 comprises two OLEDs, D1 and D2, separately con-
nected to two TFTs, M1 and M2 to form two separate current
paths (shown with current I1 and current 12). The gate termi-
nals of M1 and M2 are connected together such that, in effect,
the current paths are connected in parallel. Both M1 and M2
are p-type TFTs arranged to be switched on or off simulta-
neously by a switching element M3, which can be a TFT. One
end of the TFT M3 is connected to a data line to receive a
signal Vdata m and the gate terminal of M3 is connected to a
gate line to receive a scan signal n. Each of the current I1 and
current [2 has a storage capacitor C1, C2 connected to the
switching element M3.

[0043] With two or more OLEDs in each OLED pixel, it is
possible to reduce the current 11 and current 12 to achieve the
brightness from one OLED with a higher current. As a result,
the voltage drop in each of the current paths is smaller than the
voltage drop if only one current path is used to produce light.
For example, the current used in only one current path to
produce light at a certain brightness level is I, then it is
possible to use [1<I and 12<I to achieve the same brightness
level. If the brightness of an OLED is proportional to the
current, then I=11412.

[0044] Inanother embodiment ofthe present invention, one
of the current regulating TFTs is a p-type TFT and the other is
an n-type TFT as shown in FIG. 5.

[0045] Inyet another embodiment of the present invention,
both M1 and M2 are n-type TFTs.

[0046] In the embodiments as shown in FIGS. 4 to 6, it is
possible to put the anodes of both M1 and M2 in contact with
an electrically conducting layer on a substrate where OVss is
provided. As such, the voltage drop on the OVss side is
substantially eliminated.

[0047] In acurrent path wherein an n-type TFT is used to
regulate the current through the OLED, it is also possible to
connect one switching end of the TFT to OVss, as shown in
FIGS. 7 and 8. In this configuration, it would be advantageous
to keep the connector between the source terminal of the TEFT
or TFTs to the OVss source very short so as to reduce the
voltage drop on the OVss side.

[0048] It should be noted that, according to various
embodiments of the present invention, the voltage drop on
OVdd can be reduced by using two or more current paths to
provide the current to an OLED on each of the current paths.
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Tt is possible to achieve a similar voltage-drop reduction by
passing the currents from two or more current paths to one
OLED, as shown in FIG. 9.

[0049] In summary, the present invention provides a
method and a pixel driving circuit in which two or more
current paths, through a plurality of switching elements, are
used to provide the necessary current to one or more OLEDs
in a pixel. In particular, the control end of each switching
element is connected to the control end of the other switching
elements. For example, as shown in FIGS. 4 to 6, the gate
terminal of TFT M1 is connected to the gate terminal of TFT
M2. According to various embodiments of the present inven-
tion, each switching element has a separate power source
0OVdd so that the power sources can be separately adjustable.
Furthermore, with separate power sources, it is possible to
arrange OVddl and OVdd2 to be provided from different
directions. For example, each of the pixels 30 as shown in
FIG. 4 represents a color sub-pixel R, B or G. The color
sub-pixels can be arranged side-by-side, with two power-
source lines OVddl. OVdd2 located between two adjacent
color sub-pixels such as B and G. In each of the sub-pixels R,
B and G, the TFT M1 is located at one end of the sub-pixel and
the other TFT M2 is located at the other end. As shown in FIG.
10, the sub-pixel 30 has a width separated by a data line
(Vdata) and one of power-source lines OVdd1 and OVdd2,
and a length separated by a scan line and a source-supply line
OVDD. Along thelength the sub-pixel has a firstend a second
end. The firstend has a first OLED area 32 and the second end
has a second OLED area 34. At the first end, TFT M1 is used
to provide the current path to OLED D1 in the first OLED area
32. Atthe second end, TFT M2 is used to provide the current
path to OLED D2 in the second OLED area 34. As such, the
power-source line OVdd1 provides a source voltage to TFT
M1 from the first end and the power-source line OVdd2
provides a source voltage to TFT M2 from the second end.
Since each TFT is connected to a separate power-source line
ata short distance, the voltage drop of OVdd1 and OVdd2 can
be reduced.

[0050] In other embodiments, the power sources that pro-
vide electrical power to M1 and M2 are connected to the same
power source OVDD, as shown in FIG. 11. Thus, the power
source lines OVdd1 and OVd2 as shown in FIG. 10 can be
combined into a power source line OVdd.

[0051] Thus, although the present invention has been
described with respect to one or more embodiments thereof,
it will be understood by those skilled in the art that the fore-
going and various other changes, omissions and deviations in
the form and detail thereof may be made without departing
from the scope of this invention.

What is claimed is:

1. A light-emitting display panel, comprising:

a plurality of pixels arranged in a plurality of rows and
columns;

aplurality of data lines, each data line arranged to provide
data signals to the pixels in a column;

aplurality of gate lines, each gate line arranged to provide
scan signals to the pixels in a row, wherein each pixel
comprises:

a control switching element having a first switching end
arranged to receive data signals from a data line, a sec-
ond switching end, and a control end arranged to receive
a scan signal;
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a first switching element comprising:

a first switching terminal arranged to receive electrical
power for providing a first current in a first current
path;

a second switching terminal connected to a light-emit-
ting component; and

acontrol terminal connected to the second switching end of
the control switching element; and

a second switching element comprising:

a first switching terminal arranged to receive electrical
power for providing a second current in a second
current path;

asecond switching terminal connected to the light-emit-
ting component; and

acontrol terminal connected to the second switching end of
the control switching element.

2. The display panel of claim 1, wherein the light-emitting

component comptises:

a first light-emitting diode arranged to receive the first
current from the first current path; and

a second light-emitting diode arranged to receive the sec-
ond current from the second current path.

3. The display panel of claim 1, wherein each of the first
switching element and the second switching element com-
prises a p-type transistor.

4. The display panel of claim 1, wherein each of the first
switching element and the second switching element com-
prises an n-type transistor.

5. The display panel of claim 1, wherein the first switching
element comprises a p-type transistor and the second switch-
ing element comprises an n-type transistor.

6. The display panel of claim 1, wherein each pixel further
comprises:

a capacitor connected between the first switching terminal

and the control terminal of the first switching element.

7. The display panel of claim 1, wherein the first switching
element is arranged to receive electrical power from a first
power sourceand the second switching element is arranged to
receive electrical power from a different second power
source.

8. The display panel of claim 2, wherein each pixel com-
prises a pixel length, wherein the first switching element and
the first light-emitting diode are located at a first end of the
pixel length, and the second switching element and the sec-
ond light-emitting diode are located at a second end of the
pixel length.

9. The display panel of claim 8, wherein each pixel is
adjacent to a first power source line and a second power
source line along the pixel length, the first switching element
arranged to receive electrical power from the first power
source line and the second switching element arranged to
receive electrical power from the second power source line.

10. The display panel of claim 1, wherein each pixel com-
prises a color sub-pixel.

11. A method for use in a light-emitting display panel, the
light-emitting display panel comprising:

a plurality of pixels arranged in a plurality of rows and

columns;

a plurality of data lines, each data line arranged to provide
data signals to the pixels in a colurmn;

a plurality of gate lines, each gate line arranged to provide
scan signals to the pixels in a row, wherein each pixel
comprises a light-emitting component, wherein each of
the pixels comprises a control switching element having
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a first switching end arranged to receive data signals

from a data line, a second switching end, and a control

end arranged to receive a scan signal, and each of the
pixels comprises a light emitting component, said
method comprising:

disposing a first current path in said each of the pixels for
providing a first current to the light emitting component,
and

disposing a different second current path in said each of the
pixels for providing a second current to the light emitting
component,

controlling the first current in the first current path through
a first switching element, and

controlling the second current in the second current path
through a second switching element, the first switching
element comprising:

a first switching terminal arranged to receive electrical
power for providing the first current in the first current
path;

asecond switching terminal connected to the light-emit-
ting component; and

acontrol terminal connected to the second switching end of
the control switching element; and
the second switching element comprising:

a first switching terminal arranged to receive electrical
power for providing the second current in the second
current path;
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asecond switching terminal connected to the light-emit-
ting component; and

acontrol terminal connected to the second switching end of

the control switching element.

12. The method of claim 11, wherein the light-emitting
component comprises:

a first light-emitting diode arranged to receive the first

current from the first current path; and

a second light-emitting diode arranged to receive the sec-

ond current from the second current path.

13. The method of claim 12, wherein each pixel comprises
apixel length, wherein the first switching element and the first
light-emitting diode are located at a first end of the pixel
length, and the second switching element and the second
light-emitting diode are located at a second end of the pixel
length.

14. The method of claim 13, further comprising:

arranging a first power source line and a second power line

along the pixel length such that each pixel is adjacent to
both the first power source line and the second power
source line;

arranging the first switching element for receiving electri-

cal power from the first power source line and the second
switching element for receiving electrical power from
the second power source line.
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