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1
OLED PIXEL

FIELD OF THE INVENTION

This invention relates in general to an electrolumines-
cence device and, more particularly, to a pixel element of an
organic electroluminescence device.

BACKGROUND OF THE INVENTION

An electroluminescence (“EL”) device is a device which
makes use of the phenomenon of electro luminescence to
emit light. An EL device generally includes thin film tran-
sistors (“TFT”) and a light-emitting diode (“LED”) further
including a light-emitting layer. If the light-emitting layer
contains organic light-emitting material, the device is
referred to as an organic EL device. When a current passes
between a cathode and an anode of the LED device, light is
emitted through the light-emitting layer.

Typically, EL devices may be classified into voltage-
driven type and current-driven type. As compared to a
current-driven EL device, a voltage-driven EL device may
be disadvantageous in non-uniform pixel brightness caused
by different threshold voltages and mobility of TFTs.
Examples of current-driven EL devices are found in U.S.
Pat. No. 6,373,454 to Knapp, entitled “Active Matrix Elec-
troluminescence Devices, and U.S. Pat. No. 6,501,466 to
Yamagishi, entitled “Active Matrix Type Display Apparatus
and Drive Circuit Thereof.”

For current-driven EL devices, pixel brightness is propor-
tional to a current flowing through an LED. It is thus
desirable to have an EL device that provides uniform and
enhanced brightness.

SUMMARY OF THE INVENTION

To achieve these and other advantages, and in accordance
with the purpose of the invention as embodied and broadly
described, there is provided a pixel device of an electrolu-
minescence device that comprises a voltage signal having a
first state and a second state, a current signal, a first circuit
further comprising a first transistor, a second transistor and
a capacitor, the capacitor including a first terminal coupled
to a power supply, the first transistor including a gate
electrode coupled to a second terminal of the capacitor, and
the second transistor including a gate electrode receiving the
voltage signal, wherein the first circuit provides a voltage
level across the capacitor in response to the first state of the
voltage signal, and maintains the voltage level in response to
the second state of the voltage signal, and a second circuit
further comprising a third transistor and a fourth transistor,
the third transistor including a gate electrode coupled to a
gate electrode of the fourth transistor, wherein the second
circuit provides a current proportional to the magnitude of
the current signal in response to the first state of the voltage
signal, and the first circuit provides a sum current of the
proportional current and the current signal.

Also in accordance with the present invention, there is
provided a pixel device of an electroluminescence device
that comprises a voltage signal including a first state and a
second state, a current signal of a magnitude I, a first circuit
further comprising a first transistor, a second transistor and
a capacitor providing a voltage level across the capacitor in
response to the first state of the voltage signal, and main-
taining the voltage level in response to the second state of
the voltage signal, and a second circuit further comprising a
third transistor and a fourth transistor, the third transistor
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including a channel width/length value N times a channel
width/length value of the fourth transistor, wherein the first
circuit provides a current of (1+1/N) I during the first and
second states of the voltage signal, and the second circuit
provides a current of 1/N I in response to the first state of the
voltage signal.

Still in accordance with the present invention, there is
provided an electroluminescence device that comprises a
plurality of scan lines, a plurality of data lines, and an array
of pixels, each of the pixels being disposed near an inter-
section of one of the scan lines and one of the data lines
comprising a first circuit further comprising a first transistor,
a second transistor and a capacitor, the capacitor including
a first terminal coupled to a power supply, the first transistor
including a gate electrode coupled to a second terminal of
the capacitor, and the second transistor including a gate
electrode receiving the voltage signal, a second circuit
further comprising a third transistor and a fourth transistor,
the third transistor including a gate electrode coupled to a
gate electrode of the fourth transistor, and a fifth transistor
further comprising a gate electrode receiving the voltage
signal, and an electrode receiving a current signal provided
over a corresponding data line.

Further still in accordance with the present invention,
there is provided a method of operating an electrolumines-
cence device that comprises providing a voltage signal
having a first state and a second state, providing a current
signal having a magnitude I, providing an array of pixels,
each of the pixels being disposed near an intersection of one
of scan lines and one of data lines, providing each of the
pixels with a first circuit including a first transistor, a second
transistor and a capacitor, providing a voltage level across
the capacitor in response to the first state of the voltage
signal provided over a corresponding scan line, maintaining
the voltage level in response to the second state of the
voltage signal, providing each of the pixels with a second
circuit including a third transistor and a fourth transistor, the
third transistor including a gate electrode coupled to a gate
electrode of the fourth transistor, providing a first current of
(14+1/N) I from the first circuit during the first and second
states of the voltage signal, and providing a second current
of (1/N) I from the second circuit in response to the first state
of the voltage signal, N being the ratio of a channel
width/length of the third transistor to that of the fourth
transistor.

Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the invention and together with the descrip-
tion, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a pixel of an electrolumi-
nescence device in accordance with one embodiment of the
present invention; and
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FIG. 2 is a circuit diagram of a pixel of an electrolumi-
nescence device in accordance with another embodiment of
the present invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present
embodiment of the invention, an example of which is
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

FIG. 1 is a circuit diagram of a pixel 10 of an electrolu-
minescence (“EL”) device in accordance with one embodi-
ment of the present invention. The EL device consistent with
the present invention includes a plurality of scan lines, a
plurality of data lines, an array of pixels, a scan driver (not
shown) sequentially providing a voltage signal having a first
state S, and a second state S, , to select the scan lines, and
a data driver (not shown) sequentially providing a current
signal I, ., to the data lines. In one embodiment according
to the invention, the EL device includes an organic EL
device, which may further include an organic light emitting
diode (“OLED”) or a polymer light emitting diode
(“PLED”). A difference between an OLED and a PLED lies
in the size of light emitting molecules used in a light
emitting layer. The light emitting molecules of an OLED are
smaller than those of a PLED.

Each of the pixels is disposed near an intersection of one
of the scan lines and one of the data lines. Referring to FIG.
1, a representative pixel 10, disposed near a corresponding
scan line 12 and a corresponding data line 14, includes a first
circuit 16 and a second circuit 18. First circuit 16 further
includes a first transistor 20, a second transistor 22, and a
capacitor 24. First transistor 20 includes a gate electrode
20-2, a first electrode 20-4 coupled to a first power supply
Vpp, and a second electrode 20-6. Second transistor 22
includes a gate electrode 22-2 coupled to scan line 12, a first
electrode 22-4 coupled to gate electrode 20-2 of first tran-
sistor 20, and a second electrode 22-6 coupled to second
electrode 20-6 of first transistor 20. Capacitor 24 includes a
first terminal 24-2 coupled to Vp,, and a second terminal
24-4 coupled to gate electrode 20-2 of first transistor 20.

Second circuit 18 further includes a third transistor 26 and
a fourth transistor 28. Third transistor 26 includes a gate
electrode 26-2, a first electrode 26-4 coupled to second
electrode 22-6 of second transistor 22, and a second elec-
trode 26-6 coupled to gate electrode 26-2. Since gate elec-
trode 26-2 and second electrode 26-6 are coupled to each
other, third transistor 26 operates in a saturation mode.
Fourth transistor 28 includes a gate electrode 28-2 coupled
to gate electrode 26-2 of third transistor 26, a first electrode
28-4 coupled to second electrode 20-6 of first transistor 20,
and a second electrode 28-6. The W/L ratio of third transistor
26 is N times the W/L ratio of fourth transistor 28, wherein
W/L is a channel width/length of a field effect transistor. In
one embodiment according to the invention, N ranges from
approximately 1 to 10.

Pixel 10 further includes a fifth transistor 30 and a light
emitting diode (“LED”) 32. Fifth transistor 30 includes a
gate electrode 30-2 coupled to scan line 12, a first electrode
30-4 coupled to data line 14, and a second electrode 30-6
coupled to second electrode 26-6 of third transistor 26. LED
32, including an OLED or a PLED, is disposed between
second electrode 28-6 of fourth transistor 28 and a second
power supply Vs In one embodiment according to the
invention, LED 32 is disposed between first electrode 20-4
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of first transistor 20 and V,,, and second electrode 28-6 of
second transistor 28 is coupled to V.

During a write stage, or in response to the first state S,
of the voltage signal provided over scan line 12, fifth
transistor 30 and second transistor 22 are turned on. Current
signal I, is provided over data line 14 to pixel 10. Third
transistor 26, operating in a saturation mode, is turned on to
provide a first current equal to I, ;. Fourth transistor 28 is
turned on because gate electrode 28-2 is biased at a same
voltage level as gate electrode 26-2 of third transistor 26.
Since second transistor 22 is turned on, capacitor 24 is
charged by a drain current (not shown) of second transistor
22, providing a voltage level V. across capacitor 24 or
across first electrode 20-4 and gate electrode 20-2, which
turns on first transistor 20. As a result, a first current I,
flows through first transistor 20, third transistor 26 and fifth
transistor 30 to data line 14. A second current equal to 1/N
1474 flows through first transistor 20 and fourth transistor
28 to LED 32. Since a total of (1+1/N) I, current flows
through first transistor 20, voltage level V. must satisfy the
following equation.

(14+1/N) Ip4z~(WCox/ )WL)V =1V )

Where 1 is the mobility of carriers, C,,y is oxide capaci-
tance, W/L is the channel width/length of first transistor 20,
and V is a threshold voltage of first transistor 20.

During a reproducing stage, or in response to the second
state S, , of the voltage signal, fifth transistor 30 and second
transistor 22 are turned off. The voltage level across capaci-
tor 24 during the write stage is maintained at V., which turns
on first transistor 20. A third current (shown in a dotted line)
equal to approximately (1+1/N) I, ., from first transistor 20
turns on fourth transistor 28 and flows to LED 32. In one
embodiment according to the invention, first power supply
Vpp provides a voltage level ranging from approximately
7V (volts) to 9V, second power supply Vs provides a
voltage level ranging from approximately -8V to -6V. The
voltage signal ranges from approximately -6V to 8V. The
current signal ranges from approximately 1 pA (microam-
pere) to 2 pA.

In view of the above, in response to the first state S;, of
the voltage signal, first circuit 16 provides voltage level V..
across capacitor 24, and second circuit 18 provides second
current 1/N 1, ., flowing thru LED 32. In response to the
second state S,, of the voltage signal, first circuit 16 main-
tains voltage level V., and provides third current (1+1/N)
I ., flowing thru LED 32.

In the particular embodiment of the EL device shown in
FIG. 1, all the transistors 20, 22, 26, 28 and 30 are p-channel
metal-oxide-semiconductor (“PMOS”) transistors. In other
embodiments, however, these transistors 20, 22, 26, 28 and
30 may include n-channel metal-oxide-semiconductor
(“NMOS”) transistors only if second and fifth transistors 22
and 30 are of a same conductive type and third and fourth
transistors 26 and 28 are of a same conductive type.

FIG. 2 is a circuit diagram of a pixel 50 of an electrolu-
minescence (“EL”) device in accordance with another
embodiment of the present invention. Pixel 50 has a similar
circuit structure to pixel 10 shown in FIG. 1 except that
transistors are NMOS transistors. Pixel 50 includes a first
circuit 56 and a second circuit 58. First circuit 56 further
comprises a first transistor 60, a second transistor 62, and a
capacitor 64. Second circuit 58 further comprises a third
transistor 66 and a fourth transistor 68. Pixel 50 further
comprises a fifth transistor 70 and an LED 72. In response
to a first state S,, of a voltage signal provided over a scan
line 52, first circuit 56 provides a voltage level V. across
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capacitor 64, resulting in a first current I, ,,, flowing from
a data line 54 through transistors 70, 66 and 60, and second
circuit 58 provides a second current 1/N I, ., flowing thru
LED 72. In response to a second state S,, of the voltage
signal, first circuit 56 maintains voltage level V., and
provides a third current (1+1/N) I, , ., flowing thru LED 72.

In the particular embodiment of the EL device shown in
FIG. 2, LED 72 is coupled between a second terminal 64-4
of capacitor 64 and a second power supply V.. In one
embodiment according to the invention, LED 72 is coupled
between a first power supply V,,, and a first electrode 68-4
of fourth transistor 68. In another embodiment, LED 72 is
coupled between a second terminal 64-4 of capacitor 64 and
a second electrode 60-6 of first transistor 60.

The present invention also provides a method of operating
an electroluminescence device. A voltage signal having a
first state S, and a second state S,, is provided. A current
signal having a magnitude I is provided. An array of pixels
10 is provided. Each of pixels 10 is disposed near an
intersection of one of scan lines 12 and one of data lines 14.
Each of pixels 10 is provided with a first circuit 16 including
a first transistor 20, a second transistor 22 and a capacitor 24.
A voltage level V. across capacitor 24 is provided in
response to the first state S,; of the voltage signal provided
over a corresponding scan line 12. Voltage level V. is
maintained in response to the second state S, of the voltage
signal. Each of pixels 10 is provided with a second circuit 18
including a third transistor 26 and a fourth transistor 28.
Third transistor 26 includes a gate electrode 26-2 coupled
gate electrode 28-2 of fourth transistor 28. A first current of
(1+1/N) I is provided from first circuit 16 during the second
states S, of the voltage signal. A second current of (1/N) I
is provided from second circuit 18 in response to the first
state S, of the voltage signal, N being the ratio of a channel
width/length of third transistor 26 to that of fourth transistor
28.

The method further comprises providing a fifth transistor
30 including a gate electrode 30-2 receiving the voltage
signal, and an electrode 30-4 receiving the current signal.
The method further comprises providing a light emitting
diode 32. In one embodiment according to the present
invention, first current of (1+1/N) I is provided during the
first state of the voltage signal. In another embodiment, first
current of (1+1/N) I is provided during the second state of
the voltage signal. In still another embodiment, second
current of (1/N) I is provided during the first state of the
voltage signal. In yet still another embodiment, second
current of (1+1/N) I is provided during the second state of
the voltage signal.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:

1. A pixel device of an electroluminescence device com-
prising:

a voltage signal having a first state and a second state;

a current signal;

a first circuit further comprising a first transistor, a second
transistor and a capacitor, the capacitor including a first
terminal coupled to a power supply, the first transistor
including a gate electrode coupled to a second terminal
of the capacitor, and the second transistor including a
gate electrode receiving the voltage signal, wherein the
first circuit provides a voltage level across the capacitor
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in response to the first state of the voltage signal, and
maintains the voltage level in response to the second
state of the voltage signal; and

a second circuit further comprising a third transistor and

a fourth transistor, the third transistor including a gate
electrode coupled to a gate electrode of the fourth
transistor;

wherein the second circuit provides a current proportional

to the magnitude of the current signal in response to the
first state of the voltage signal, and the first circuit
provides a sum current of the proportional current and
the current signal.

2. The device of claim 1, the third transistor having a
channel width/length value N times a channel width/length
value of the fourth transistor.

3. The device of claim 1, the magnitude of the current
signal being N times the magnitude of the proportional
current.

4. The device of claim 1, the voltage level satisfying an
equation:

(1+1/N) T=(uCpx/2) (WIL) (V17 7)?

where p is the mobility of carriers, C,y is oxide capaci-
tance, W/L is the channel width/length of the first
transistor, V. is the voltage level and V ,.is a threshold
voltage of the first transistor.

5. The device of claim 1 further comprising a fifth
transistor including a gate electrode receiving the voltage
signal, and an electrode receiving the current signal.

6. The device of claim 1, the third and fourth transistors
are of a same conductive type.

7. The device of claim 5, the second and fifth transistors
are of a same conductive type.

8. The device of claim 1 further comprising a light
emitting diode disposed between an electrode of the fourth
transistor and the power supply.

9. The device of claim 1 further comprising a light
emitting diode disposed between an electrode of the fourth
transistor and a different power supply.

10. The device of claim 1 further comprising a light
emitting diode disposed between an electrode of the first
transistor and the first terminal of the capacitor.

11. A pixel device of an electroluminescence device
comprising;

a voltage signal having a first state and a second state;

a current signal of a magnitude I;

a first circuit further comprising a first transistor, a second
transistor and a capacitor providing a voltage level
across the capacitor in response to the first state of the
voltage signal, and maintaining the voltage level in
response to the second state of the voltage signal; and

a second circuit further comprising a third transistor and
a fourth transistor, the third transistor including a
channel width/length value N times a channel width/
length value of the fourth transistor;

wherein the first circuit provides a current of (1+1/N) I
during the first and second states of the voltage signal,
and the second circuit provides a current of 1/N I in
response to the first state of the voltage signal.

12. The device of claim 11, the voltage level satisfying an

equation:

(1+1/N) T=(uCpx/2) (WIL) (V-7 7)?

where | is the mobility of carriers, C,y is oxide capaci-
tance, W/L is the channel width/length of the first
transistor, V. is the voltage level and V. is a threshold
voltage of the first transistor.
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13. The device of claim 11, the capacitor further com-
prising a first terminal coupled to a first power supply, and
the first transistor further comprising a gate electrode
coupled to a second terminal of the capacitor and a first
electrode coupled to the first power supply.

14. The device of claim 11, the second transistor further
comprising a gate electrode receiving the voltage signal, and
a first electrode coupled to the second terminal of the
capacitor.

15. The device of claim 11, the third transistor further
comprising a gate electrode and an electrode coupled to the
gate electrode, and the fourth transistor further comprising a
gate electrode coupled to the gate electrode of the third
transistor.

16. The device of claim 11 further comprising a fifth
transistor including a gate electrode receiving the voltage
signal, and an electrode receiving the current signal.

17. An electroluminescence device comprising:

a plurality of scan lines;

a plurality of data lines; and

an array of pixels, each of the pixels being disposed near
an intersection of one of the scan lines and one of the
data lines comprising:

a first circuit further comprising a first transistor, a second
transistor and a capacitor, the capacitor including a first
terminal coupled to a power supply, the first transistor
including a gate electrode coupled to a second terminal
of the capacitor, and the second transistor including a
gate electrode receiving a voltage signal;

a second circuit further comprising a third transistor and
a fourth transistor, the third transistor including a gate
electrode coupled to a gate electrode of the fourth
transistor; and

a fifth transistor further comprising a gate electrode
receiving the voltage signal, and an electrode receiving
a current signal provided over a corresponding data
line;

wherein the current signal has a magnitude I, the first
circuit providing a first current of (1+1/N) I during the
first and second states of the voltage signal, and the
second circuit providing a second current of (1/N) I in
response to the first state of the voltage signal, N being
the ratio of a channel width/length of the third transistor
to that of the fourth transistor.

18. The device of claim 17, the first circuit providing a

voltage level across the capacitor in response to a first state
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of a voltage signal provided over a corresponding scan line,
and maintaining the voltage level in response to a second
state of the voltage signal.

19. A pixel device of an electroluminescence device
comprising;
providing a voltage signal having a first state and a second
state;

providing a current signal having a magnitude I;

providing an array of pixels, each of the pixels being
disposed near an intersection of one of scan lines and
one of data lines;

providing each of the pixels with a first circuit including
a first transistor, a second transistor and a capacitor;

providing a voltage level across the capacitor in response
to the first state of the voltage signal provided over a
corresponding scan line;

maintaining the voltage level in response to the second
state of the voltage signal;

providing each of the pixels with a second circuit includ-
ing a third transistor and a fourth transistor, the third
transistor including a gate electrode coupled to a gate
electrode of the fourth transistor;

providing a first current of (1+1/N) I from the first circuit
during the first and second states of the voltage signal;
and

providing a second current of (1/N) I from the second
circuit in response to the first state of the voltage signal,
N being the ratio of a channel width/length of the third
transistor to that of the fourth transistor.

20. The method of claim 19 further comprising providing
the first current to a light emitting diode during the first state
of the voltage signal.

21. The method of claim 19 further comprising providing
the second current to a light emitting diode during the first
state of the voltage signal.

22. The method of claim 19 further comprising providing
the first current to a light emitting diode during the second
state of the voltage signal.

23. The method of claim 19 further comprising providing
the second current to a light emitting diode during the
second state of the voltage signal.
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