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data line

A driving circuit for an organic light emitting diode com-
prises the following elements. A driving transistor has a
control terminal, a first electrode and a second electrode,
wherein the first electrode and the second electrode are
connected to a power line and the organic light emitting
diode. A first switch device can be turned on by a scan signal
to electrically conduct the power line and the control ter-
minal of the driving transistor for maintaining the control
terminal at the voltage level of the scan signal. And a second
switch device can be turned on by the scan signal to
electrically conduct a data line and the second electrode of
the driving transistor for transferring the data signal to the
second electrode and maintaining the second electrode at the
voltage level of the data signal. Thus, by maintaining the
control terminal of the driving transistor and the second
electrode at the certain levels the operation current of the
driving transistor will not affected by the voltage difference
between two electrodes of the organic light emitting diode.

30

scan line ———
36

3B~
TRT

vdd

-
e

}—i

| 34

IFT

32

Vss



Patent Application Publication Jan. 15, 2004 US 2004/0007989 A1

data line 10

scan line ——Mm\ T

\Z
Fig.1 o
( Prior Art)
data line vad / 30

scan line ———M\
36

32

Flgz Vss



US 2004/0007989 Al

DRIVING CIRCUIT FOR UNIT PIXEL OF
ORGANIC LIGHT EMITTING DISPLAYS

FIELD OF THE INVENTION

[0001] The present invention relates to a driving circuit for
organic light emitting displays (OLEDs), and more specifi-
cally, to a driving circuit applied to drive organic light
emitting diodes and amorphous silicon thin film transistors
(a-Si TFT) in a unit pixel to prolong lifetime of the OLEDs.

BACKGROUND OF THE INVENTION

[0002] With the advance of techniques for manufacturing
integrated circuits, the development and progress of elec-
tronic science cause various electronic products fabricated
with digital and complicated designs. And for the conve-
niences of portability and utility, these electronic products
are designed with smaller appearances, multiple functions
and rapid processing rates. Thus, the products of new
generation are easy to carry and fit modern life. Especially
because the powerful processing ability of multimedia prod-
ucts can handle easily the audio, visual and graphical digital
data, the visual displays are widely researched and devel-
oped. No matter what kind of electronics, such as PDAs,
laptops, walkmans, digital cameras or mobile phones, all
need the display panels for viewing and browsing.

[0003] In conventional manufacturing processes of dis-
plays, because the techniques of thin film transistors are
mature, the liquid crystal displays with the advantages of
lightweight, lower consumption and non-irradiation are
favored and widely used by consumers. However, with the
research and development of organic light emitting diodes,
the new generation of organic light emitting displays have
further advantages of high light-emitting efficiency, high
responding rate, power saving, no limitation of viewing
angle, lightweight, thinness, brightness and all colors. And
by applying the OLEDs the portable electronic products are
manufactured with smaller sizes and finest graphic display-
ing effects.

[0004] Please refer to FIG. 1, a circuit 10 of unit pixel for
OLEDs in the prior art is illustrated. The circuit 10 is defined
on an amorphous silicon substrate and has two thin film
transistors 12, 14 and a storage capacitor 16 so as to drive
an organic light emitting diode 18. The transistor 12 is
briefly served as a switch device of which a drain electrode
is connected to a data line, a gate electrode is connected to
a scan line and a source electrode is connected to both one
terminal of the storage capacitor 16 and the gate electrode.
On the other hand, a drain electrode of the transistor 14 is
connected to a power line (Vdd). And a source electrode of
the transistor 14 and another terminal of the storage capaci-
tor 16 are both connected to a positive terminal of the
organic light emitting diode 18. With regard to a negative
terminal of the organic light emitting diode 18 is connected
to a power line (Vss).

[0005] Thus, the signal from the scan line can turn the
transistor 12 on to transfer image data of the data line to the
unit pixel. When the transistor 12 is turned on, the data
signal on the data line can transfer to the gate of the
transistor 14 and be stored in the capacitor 16. This data
signal can also turn the transistor 14 on to transfer the
voltage signal of the power line (Vdd) to the positive
terminal of the organic light emitting diode 18 for lumines-
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cence. The data voltage stored in the capacitor 16 can be
applied to keep the transistor 14 turned on while the signal
on the scan line turns the transistor 12 off so as to maintain
the organic light emitting diode 18 at a certain current level.

[0006] However, it is noted that in the above circuit
design, the voltage difference Vo oy between two terminals
of the organic light emitting diode 18 will affect the gate-
to-source voltage (Vgs) and the drain current (Id) of the
transistor 14 due to the organic light emitting diode 18 is
connected directly to the source electrode of the transistor
14. The current formula is shown as follows:

1
Id = 5 +K(Vgs - Vih)?

1 2
=3 x K[Vdata— (Vorgp — Vss) — Vih]*,

[0007] In above formula, K is a constant, Vdata is the
voltage signal on the data line, and Vth is the threshold
voltage of the transistor 14. After a long time of operation,
the voltage difference Vg g between two terminals of the
organic light emitting diode 18 will increase so as to reduce
the drain current (Id), to decrease the lightness of the organic
light emitting diode and to shorten the lifetime of the
displays.

SUMMARY OF THE INVENTION

[0008] A purpose of the present invention is to provide a
unit pixel circuit for OLEDs to prevent the voltage differ-
ence between two terminals of the organic light emitting
diode from varying and to avoid of reducing the operating
current of the driving transistor.

[0009] Another purpose of the present invention is to
provide a circuit design to prevent from reducing the bright-
ness of the OLEDs and to prolong the lifetime of the
displays.

[0010] The present invention discloses a driving circuit of
an organic light emitting diode. The driving circuit com-
prises the components as follows. A driving transistor has a
gate, a source and a drain, wherein the drain is connected to
a power line and the source is connected to the organic light
emitting diode. A first switch transistor has a first gate, a first
drain and a first source, wherein the first gate is connected
to a scan line, the first source is connected to the power line,
and the first drain is connected to the gate of the driving
transistor. When the first switch transistor is turned on by the
scan signal on the scan line, the voltage signal on the power
line will turn the driving transistor on. A second switch
transistor has a second gate, a second drain and a second
source, wherein the second gate is connected to the scan line,
the second drain is connected to a data line and the second
source is connected to the source of the driving transistor.
When the scan signal on the scan line turn the second switch
transistor on, the data signal on the data line can transfer to
the source of the driving transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing aspects and many of the attendant
advantages of this invention will become more readily
appreciated as the same becomes better understood by
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reference to the following detailed description, when taken
in conjunction with the accompanying drawings, wherein:

[0012] FIG. 1 illustrate the unit pixel circuit structure of
the OLEDs according to the prior art; and

[0013] FIG. 2 illustrate the unit pixel circuit structure of
the OLEDs according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0014] The present invention provides a unit pixel circuit
structure for active matrix organic light emitting diodes
(OLEDs) with amorphous silicon TFTs and organic light
emitting diodes. Two switch transistors are provided to turn
a driving transistor on or off and to maintain the gate-to-
source voltage at a certain level. Thus, the voltage difference
Voren between two electrodes of the organic light emitting
diode will not affect the operating current of the driving
transistor. And after a long time of operation, even though
the voltage difference Vo, o increases, the operating cur-
rent of the driving transistor can be maintained at a certain
level. So the brightness of the organic light emitting diode
will not decrease and the lifetime of the displays can be
prolonged effectively. The detailed description is as follows.

[0015] Please refer to FIG. 2, an unit pixel circuit 30 for
OLEDS provided by the present invention is illustrated. As
well know in the prior art, thin film transistors and inter-
connections are defined on a glass substrate firstly. These
interconnections comprises scan lines and data lines which
are arranged in a crisscross pattern to connect each unit pixel
for sending scan signals and data signals. And each unit
pixel 30 comprises an organic light emitting diode 32, a
driving transistor 34 and two switch transistors 36 and 38.

[0016] The organic light emitting diode 32 has a positive
terminal and a negative terminal, wherein the negative
terminal is connected to a ground line Vss, and the positive
terminal is cornnected through a driving transistor 34 to a
power line Vdd. The driving transistor 34 has three elec-
trodes of a gate, a drain and a source, wherein the gate is
served as a control terminal. The gate of the driving tran-
sistor 34 is connected to the scan line. So the scan signals of
the scan line can be applied to turn the driving transistor 34
on or off. And the drain and source of the driving transistor
34 are connected respectively to the power line Vdd and the
positive terminal of the organic light emitting diode 32 to
transfer the voltage signal of the power line Vdd to the
organic light emitting diode 32 for luminescence.

[0017] Notedly,in the present invention, for the purpose of
preventing the voltage difference between two terminals of
the organic light emitting diode from affecting the drain
current of the driving transistor 34 two transistors are
introduced to turn the driving transistor 34 on or off and to
maintain the gate-to-source voltage at a certain level. A gate
of the switch transistor 36 is connected to the scan line, and
a source thereof is connected to the power line Vdd, and a
drain thereof is connected to the gate of the driving transistor
34. When the switch transistor 36 is turned on by the scan
signal on the scan line, the voltage signal on the power line
Vdd will be transferred to the gate of driving transistor 34
for turning it on. In the mean, while, the voltage level of the
gate of the driving transistor 34 is maintained at the level of
the scan signal.
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[0018] As to another switch transistor 38 of which a gate
is connected to the scan line, a drain is connected to the data
line, and a source is connected to the drain of the driving
transistor 34. When the switch transistor 38 is turned on by
the scan signal, the data signal of the data line can be
transferred to the source of the driving transistor 34 to
maintain it at the voltage level of the data signal.

[0019] Tt is noted that the unit pixel circuit in the present
invention also has a storage capacitor 40. One terminal of
the storage capacitor 40 is connected to both the gate of the
driving transistor 34 and the source of the switch transistor
36. As to another terminal of the storage capacitor 40 is
connected to both the source of the driving transistor 34 and
the source of the switch transistor 38. Therefore, when the
switch transistor 36 is turned on, the storage capacitor 40 is
charged. And after that, when the switch transistor 36 is
turned off, the storage capacitor 40 can applied to maintain
the gate of the driving transistor 34 at a certain voltage level.
Thus, in the time interval of turning the switch transistor 36
on and off, the current of the organic light emitting diode can
be kept at a certain current level.

[0020] The voltage level of the gate of the driving tran-
sistor 34 is equal to that of the power line Vdd by introduc-
ing the switch transistor 36 in the present invention. And by
applying the switch transistor 38, the voltage level of the
source of the driving transistor 34 is equal to that of the data
signal. So the gate-to-source voltage (Vgs) can be kept at a
certain level, and the drain current (Id) thereof will not be
affected by the voltage difference V; g, The current for-
mula is as follows:

1
Id = 3¢ K(Vgs — Vihy?

1
= 5 +K[(Vdd ~ Vdate) - Vih]*

[0021] Inabove formulas, K is a constant, Vdata is voltage
signal on the data line, and Vth is the threshold voltage of the
driving transistor 34. Apparently, from the formulas, after a
long time of operation the drain current (Id) of driving
transistor 34 will not be affected even though the voltage
difference Vg, pp, increases.

[0022] The unit pixel circuit of the OLEDs provided by
the present invention has some advantages as follows:

[0023] (1) Because the drain current of the driving
transistor is unconcerned with the voltage difference
between two terminals of the organic light emitting
diode, the operating current of the driving transistor
will not decrease with voltage varying of the organic
light emitting diodes while the display is operated a
long time.

[0024] (2) Because the drain current is kept at a
certain value, the brightness of the organic light
emitting diodes will not decrease. Thus, the image
quality of the displays can be promoted and the
lifetime thereof can be prolonged effectively.

[0025] While the preferred embodiment of the invention
has been illustrated and described, it will be appreciated that
various changes can be made therein without departing from



US 2004/0007989 Al

the spirit and scope of the invention. For example, in above
embodiments, NMOS transistors are applied to serve as the
switch devices, wherein a first switch device is used for
turning the driving transistor on or off and maintaining the
gate thereof at a certain voltage level, and a second switch
device is used for controlling the source of the driving
transistor at a certain voltage level. To those people skilled
in the art, it is easy to be understood some other electronic
devices can be chosen to replace the NMOS transistors for
the identical functions.

What is claimed
1. A driving circuit for an organic light emitting diode,
said driving circuit comprises:

a driving transistor having a control terminal, a first
celectrode and a second electrode, wherein said first
electrode and said second electrode are connected
respectively to a power line and an organic light
emitting diode;

a first switch device responsive to a scan signal from a
scan line to electrically conduct said power line and
said control terminal of said driving transistor to main-
tain said control terminal at a certain voltage level
equal to that of said power line; and

a second switch device responsive to said scan signal
from said scan line to electrically conduct a data line
and said second electrode of said driving transistor and
to transfer a data signal of said data line to said second
electrode for maintaining said second electrode at a
certain voltage level equal to that of said data signal,

wherein said control terminal and said second electrode
are maintained respectively at certain voltage levels
to prevent an operating current of said driving tran-
sistor from affection of a voltage difference between
two terminals of said organic light emitting diode.

2. The driving circuit of claim 1, wherein said first switch
device is a transistor of which a gate is connected to a scan
line, a source and a drain are connected respectively to said
power line and said control terminal of said driving transis-
tor.

3. The driving circuit of claim 1, wherein said second
switch device is a transistor of which a gate is connected to
a scan line, a drain and a source are connected respectively
to said data line and said second electrode of said driving
transistor.

4. The driving circuit of claim 1, wherein said control
terminal of said driving transistor is a gate, said first elec-
trode is a drain and said second electrode is a source.

5. The driving circuit of claim 1, further comprises a
storage capacitor of which two terminals are respectively
connected to said gate and said source of said driving
transistor.

6. A driving circuit for an organic light emitting diode,
said driving circuit comprises:

a driving transistor having a gate, a source and a drain,
wherein said drain is connected to a power line and said
source is connected to said organic light emitting diode;

a first switch transistor has a first gate, a first drain and a
first source, wherein said first gate is connected to a
scan line, said first source is connected to said power
line and said first drain is connected to said gate of said
driving transistor, when said first switch transistor is
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turned on by said scan signal from said scan line, a
voltage signal of said power line can turn said driving
transistor on; and

a second switch transistor has a second gate, a second
drain and a second source, wherein said second gate is
connected to said scan line, said second drain is con-
nected 1o a data line, and said second source is con-
nected to said source of said driving transistor, when
said second switch transistor is turned on by said scan
signal from said scan line, a data signal of said data line
is applied to said drain of said driving transistor.

7. The driving circuit of claim 6, further comprises a
storage capacitor of which two terminals are respectively
connected to said first drain of said first switch transistor and
said second source of said second switch transistor.

8. An unit pixel circuit for an organic light emitting
display comprises:

a scan line for transferring a scan signal to said unit pixel
circuit;

a data line for transferring a data signal to said unit pixel
circuit;

an organic light emitting diode has a positive terminal and
a negative terminal, wherein said negative terminal is
connected to a ground terminal;

a driving transistor has a control terminal, a first electrode
and a second electrode, wherein said first electrode and
said second electrode are respectively connected to a
power line and said positive terminal of said organic
light emitting diode;

a first switch transistor responsive to said scan signal of
said scan line to electrically conduct said power line
and said control terminal of said driving transistor for
maintaining said control terminal at the voltage level of
said scan signal; and

a second switch transistor responsive to said scan signal
of said scan line to electrically conduct said data line
and said second electrode of said driving transistor for
maintaining said second electrode at the voltage level
of said data signal,

when said first switch transistor and said second switch
transistor are turned on by said scan signal, said first
electrode and said second electrode of said driving
transistor are conducted to transfer said data signal of
said data line to said source of said driving transistor.

9. The circuit of claim 8, wherein a gate of said first switch
transistor 1s connected to said scan line, and a source and a
drain thereof are respectively connected to said power line
and said control terminal of said driving transistor.

10. The circuit of claim 8, wherein a gate of said second
switch transistor is connected to said scan line, a drain and
a source thereof are connected respectively to said data line
and said second electrode of said driving transistor.

11. The circuit of claim 8, wherein said control terminal
of said driving transistor is a gate, said first electrode is a
drain and said second electrode is a source.

12. The circuit of claim 8, further comprises a storage
capacitor of which two terminals are connected respectively
to said gate and said source of said driving transistor.
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