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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND OPERATING METHOD OF
DRIVING THE SAME

This application is a continuation of application Ser. No.
10/437,194, filed May 14, 2003 now U.S. Pat. No. 6,882,113,
which is a continuation of application Ser. No. 09/934,567,
filed Aug. 23, 2001, now U.S. Pat. No. 6,583,581.

BACKGROUND OF THE INVENTION

The present invention relates to an active matrix type dis-
play device employing light emitting devices such as EL
(electro-luminescence) devices or LEDs (light emitting
diodes) each of which emits light by causing a driving current
to flow through a light emitting thin film such as an organic
semiconductor thin film, and thin film transistors for control-
ling the light emitting operation of the respective light emit-
ting devices.

In recent years, as the advanced information society has
come, there has been increasing demands for personal com-
puters, portable information terminals, information commu-
nication apparatuses or complex products thereof. A thin and
light-weight display device is suitable for these products, and
hence the liquid crystal display device or the display device
constituted by the self-light emitting type EL devices or the
LED devices. The self-light emitting type display device of
the latter has the features that the visibility is excellent, the
visible angle characteristics are wide, it is suitable for the
moving pictures since it is excellent in the high speed
response, and so forth, and hence it is expected that the
self-light emitting type display device will be important more
and more in the information communication field in the
future. In actual, recently, the rapid enhancement of the light
emitting efficiency of the organic EL device or the organic
LED device (hereinafter, the OLED is the general form for
these devices) in which the organic material is used as the
light emitting layer, and the advance of the network technol-
ogy for making the image communication possible are com-
bined to make the expectation to the OLED display device go
on rising.

An example of the OLED display device according to the
prior art is described in Pioneer R&D Vol. 8, No. 3, pp. 41 to
49. In accordance with this example, as shown in FIG. 6A,
OLEDs are respectively arranged in the intersections of n
anodes 61 which extend longitudinally and m cathodes 62
which extend transversely to form a simple matrix in which
pixels P11, . . ., Pmn are provided. Then, each of the anode
lines 1s driven by a constant current voltage-source 63 every
cathode line to scan the cathode lines in the line-at-a-time
manner. [n such a way, the time division driving is carried out.
Each of the pixels can be expressed in the form of an equiva-
lent circuit shown in FIG. 6B, in which a parasitic capacity 65
is parasitically connected in parallel with an OLED 64. The
value of this parasitic capacity 65 is so large as to be about 20
pF in the square of 0.3 mmx0.3 mm, and hence in order to
obtain the desired picture quality by the time division driving
requiring the high speed as described above, it is necessary to
devise the driving waveform for which the charge and dis-
charge of the electric charges to and from the parasitic capac-
ity are taken into consideration. In actual, in the above-men-
tioned prior art, there is adopted the complicated driving
method wherein the timing in which all of the electrodes are
grounded once is provided.

Instead of the above-mentioned simple matrix, the active
matrix driving in which TFTs are provided in the pixels,
respectively, has also been studied. The technology for manu-
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facturing the OLED display device in the form of the active
matrix structure to drive the same, for example, is disclosed in
JP-A-8-241048 and U.S. Pat. No. 5,550,066, and also in
WO098/36407 in which the contents of the driving voltage are
described in more detail. For the typical pixels of the OLED
display device of the active matrix system thus disclosed, as
shown in FIG. 7, the light emission luminance of the OLED
76 is controlled by the active device driving circuit consti-
tuted by at least two TFT switch transistor Tsw73 and driver
transistor Tdr74, and one accumulation capacitor 75. More
specifically, the voltage corresponding to the electric charges
which are accumulated in the accumulation capacitor 75
through the switching transistor 73 provides the gate voltage
of the driver transistor 74, and the OLED 76 is driven by the
current which is determined on the basis of the gate voltage.
However, in actual, there arises the problem that the ununi-
formity of the display picture quality is generated due to the
ununiformity of the threshold voltage and the charge drift
mobility of the driver transistor.

As for the system having the possibility of clearing the
above-mentioned two problems, as shown in FIG. 8, the
active matrix system of providing one transistor in one pixel
to carry out the driving is disclosed in JP-A-4-125683.

SUMMARY OF THE INVENTION

In the one pixel-one transistor system disclosed in the
above-mentioned priorart, it is possible to realize the uniform
display characteristics on the basis of the simple pixel struc-
ture and driving method. However, since the light emission
time of the pixels of this system is equal to that of the simple
matrix system, the current value must be increased. While
under such a situation, the means for ensuring the reliability
of the device is required, any of the effective techniques
therefor has not yet been disclosed.

According to the present invention, there is provided an
OLED display device in which a single switch transistor is
provided in each of pixels, and a constant current-voltage
source is connected to the outside of a panel in order to carry
out the driving, wherein in order to reduce the degradation of
the luminance characteristics due to the flowing of a large
current through the OLED, the voltage scheme is adopted in
whichin the conduction of the switch transistor, areverse bias
is applied to the OLED, and a driving waveform is provided in
which the reverse bias is held in the non-conduction of the
switching transistor. In addition, in order to reduce the level of
a momentary current which is caused to flow through the
OLED, a ramp wave or a square wave is applied to one side
electrode of an accumulation capacitor to provide a driving
waveform in which a current contributing to the light emis-
sion is caused to flow even in the non-conduction of the
switching transistor.

According to one aspect of the present invention, there is
provided an organic LED display device including: thin film
transistors in which a plurality of gate lines and a plurality of
data lines intersecting the plurality of gate lines are provided
on a substrate, pixels are defined by the plurality of gate lines
and the plurality of data lines, and a gate scanning signal is
applied to the pixels through the gate lines, respectively; and
light emitting devices each of which emits light by a driving
current, which is caused to flow between an associated one of
pixel electrodes formed in correspondence to the pixels and
an associated one of counter electrodes opposite to the
respective pixel electrodes, in accordance with a data signal
which is supplied from the associated one of the data lines
synchronously with a timing when the associated one of the
thin film transistors becomes the conduction state, wherein



US 7,417,608 B2

3

each of the light emitting devices is an organic LED device,
and for a part of a period of time when the associated one of
the thin film transistors is in the non-conduction state, the
associated one of the organic LED devices is in the non-light
emission state, and also a bias having the polarity reverse to
that in the light emission is applied thereto.

According to another aspect of the present invention, there
is provided an organic LED display device including: thin
film transistors in which a plurality of gate lines and a plural-
ity of data lines intersecting the plurality of gate lines are
provided on a substrate, pixels are defined by the plurality of
gate lines and the plurality of data lines, and a gate scanning
signal is applied to the pixels through the gate lines, respec-
tively: and light emitting devices each of which emits light by
a driving current, which is caused to flow between an associ-
ated one of pixel electrodes formed in correspondence to the
pixels and an associated one of counter electrodes opposite to
the respective pixel electrodes, in accordance with a data
signal which is supplied from the associated one of the data
lines synchronously with a timing when the associated one of
the thin film transistors becomes the conduction state,
wherein each of the light emitting devices is an organic LED
device, each of accumulation capacitors is connected in par-
allel with the associated one of the organic LED devices,
electrodes of the associated ones of the accumulation capaci-
tors are connected to a common electrode every row, the
common electrode is connected to a power source different
from that of common electrode of the organic LED devices,
and for a part of a period of time when the associated one of
the thin film transistors is in the non-conduction state, the
associated one of the organic LED devices is in the non-light
emission state, and also a bias having the polarity reverse to
that in the light emission is applied thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects as well as advantages of the
present invention will become clear by the following descrip-
tion of the preferred embodiments of the present invention
with reference to the accompanying drawings, wherein:

FIG. 1 is a circuit diagram, partly in block diagram, show-
ing schematically a configuration of an OLED image display
device according to one embodiment of the present invention;

FIG. 2 is a time chart useful in explaining the driving of the
OLED image display device shown in FIG. 1;

FIG. 3 is a circuit diagram, partly in block diagram, show-
ing schematically a configuration of an OLED image display
device according to another embodiment of the present inven-
tion;

FIG. 4 is a time chart useful in explaining the driving of the
OLED image display device shown in FIG. 3;

FIG. 5is another time chart useful in explaining the driving
of the OLED image display device shown in FIG. 3;

FIG. 6A and FIG. 6B are respectively a circuit diagram
showing a configuration of a conventional OLED display
device and a circuit diagram showing an equivalent circuit of
each of pixels in the conventional OLED display device;

FIG. 7 is a circuit diagram showing a configuration of
another conventional OLED display device; and

FIG. 8 is a circuit diagram showing a configuration of still
another conventional OLED display device.

DESCRIPTION OF THE EMBODIMENTS

The embodiments of the present invention will hereinafter
be described in detail with reference to the accompanying
drawings. First, hereinbelow, the overall configuration of an
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image display device will be described, and next the operating
method of driving the same according to the present invention
will be described.

First Embodiment

FIG. 1 is a circuit diagram, partly in block diagram, show-
ing schematically the overall layout of an image display
device 1. In the image display device 1, a display portion 1 is
arranged roughly in the center portion of a substrate 5. A data
driving circuit 3 for outputting image signals to data lines 6 is
provided on the upper side of the display portion 2, while a
scanning driving circuit 4 for outputting a scanning signal to
gate lines 7 is provided on the left side of the display portion
2. The matrix having m rows and n columns is defined by the
m gate lines 7 and the n data lines 6. An n-channel switching
transistor 8 and an OLED 9 are formed in each of the pixels of
the display portion 2. As for the transistors, poly-silicon thin
film transistors which are formed by the thin film process are
employed. Drains of the switch transistors in each of the
columns are connected to the associated one of the data lines
6, and sources thereof are respectively connected to the asso-
ciated ones of anodes 13 of the OLEDs 9. Cathodes of the
OLEDs 9 are an electrode 10 which is common to the pixels.
FIG. 2 is a time chart showing the relationship of a pulse
waveform V(1 applied to the gate line 7-1, a pulse waveform
VD1 applied to the data line 6-1, and the change ofthe voltage
at the anode 13-11 of the OLED in the pixel of one row and
one column against the common electrode 10 of the OLEDs.

When at a time t=t0, the switch transistor 8-11 is turned ON
by the gate scanning signal, the data signal which is applied to
the associated data line synchronously therewith flows into
the OLED 9-11 through the switch transistor 8-11. As long as
for the value of the general data signal d1, the value of the gate
scanning signal fulfills at least the relationship of VGH-
Vth>dl, the injection of the current into the OLED is
smoothly carried out. By the way, Vth in that relationship
represents the threshold voltage of the switch transistor 8-11.
Next, when at a time t=t1, the switch transistor is in the ON
state, the electric potential of the signal on the data line 6-11
1s reduced down to VDL. Thereafter, at a time t=t2, the switch
transistor is turned OFF. While in this case, only the data line
6-1 is shown, the driving is obedient to the so-called line-at-
a-time system, and hence the data signals corresponding to
the image are respectively applied to the data lines 6-2, .. .,
6-n as well at the above-mentioned timing so that the data
signals for one row are written thereto. The electric potential
at the anode 13-11 follows roughly the data signal waveform
to be changed, and the diode forward current is caused to flow
through the OLED due to the electric power difference
between the electric potential at the anode 13-11 and the
electric potential VOL at the common electrode 10 so that the
OLED emits light.

The feature of the present invention is such that in the
above-mentioned driving waveform, the relationship of
VDL<VOL is set. As a result, during a period of time of the
non-light emission, the reverse bias is applied to the OLED.
This state of applying the reverse bias to the OLED is kept
excellent as long as the switch transistor is in the OFF state. In
the case of the n-channel switch transistor, preferably, the
relationship of VDL>VGL has only to be fulfilled.

Since the number of gate scanning lines is m, if the frame
period of time is TT, then a time (t2-t0) for which the scanning
signal is applied to one gate line becomes Tf/m at a maximum.
As for a time (12-t1) required to apply the reverse voltage,
about 1 psec. is sufficient since the switch transistor is kept in
the state of the low impedance equal to or lower than about 10
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kQ. As a result, even if m is set to 1,000 and Tf is set to 16
msec., since t2-t0=16 usec. is obtained, the influence exerted
on the reduction of a period of time of the light emission can
be reduced as much as possible.

As described above, according to the first embodiment of
the present invention, there is offered the effect that in a
simple OLED display device of one pixel-one transistor type,
it is possible to realize a highly reliable OLED display device
in which the image degradation is suppressed.

Second Embodiment

A second embodiment of the present invention will here-
inbelow be described. FIG. 3, similarly to FIG. 1, is a circuit
diagram, partly in block diagram, showing schematically the
overall layout of an image display device 1. A point of differ-
ence of FIG. 3 from FIG. 1 is that an electric charge accumu-
lation capacitor 11 is provided in each of the pixels. One side
electrodes of the electric charge accumulation capacitors 11
in each of the rows are bundled into a wiring 12 which is made
different from the common electrode 10 of the OLED:s. FIG.
4 is a time chart useful in explaining the timing of the driving
voltage of this image display device. For the voltage VG1
applied to the gate line 7-1 and the voltage VD1 applied to the
data line 6-1, in the present embodiment, the timing of apply-
ing the reverse bias is unnecessary. For this selection period of
time, the electric potential on the side opposite to an electrode
12-1 of the accumulation capacitor 11-11 is increased up to
dl1. The electric potential VOL of the common electrode 10 of
the OLEDs is set in such a way that (d1-VOL) becomes
smaller than the threshold voltage VthOL of the OLEDs.
Next, after the associated one(s) of the switch transistor
is(are) turned OFF, the square wave is applied to the electric
potential of the wiring 12-1. Its amplitude, i.e., VO=(V12H-
V12L) may be the value of about VthOL. As a result, the
electric charges accumulated in the accumulation capacitor
11 flow through the OLED 9-11, and then the OLED 9-11
emits light. The value of the accumulation capacitor Cs11 is
about 8 to about 20 times as large as that of the diode parasitic
capacity of the OLED, and as a result, the picture luminance
equal to or higher than 10 cd/m? is obtained. As for the
dielectric material, Al,0,, Ta,O; or the like may be
employed. Since the pulse width of the square wave in this
case, i.e., the period of time of the light emission can be made
much larger than Tf/m shown in the first embodiment, the
momentary current can be reduced. For example, the period
of time of the light emission can also be made about T1/4.

For the electric potential of the associated one of the wir-
ings 12 after completion of the light emission, the relationship
of V12L>VOL is fulfilled, whereby the reverse voltage is
applied to the associated one of the PLED:s. It is to be under-
stood that in this case as well, in order to hold the OFF state of
the switch transistor, the relationship of V12L>VGL may be
fulfilled.

Third Embodiment

A third embodiment of the present invention will herein-
below be described. The basic structure of the pixels is the
same as that of the second embodiment shown in FIG. 3. The
feature of the present embodiment is such that the voltage
applied to the wirings 12 is not the square wave, but is the
ramp wave as shown in FIG. 5. In this case as well, the
relationships of V12L>VOL and V12L>VGL are fulfilled,
whereby the excellent driving condition is kept.

Now, the effect inherent in the present embodiment is such
that the change in the period of time of the light emission can
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be reduced. While ifthe square wave as in the second embodi-
ment is employed, then the current which is caused to flow
through the OLED is gradually reduced along with the lapse
of time, since the fixed displacement current can be caused to
flow through the OLED capacitor by applying the ramp wave
to the wiring 12, the difference of the electric potential devel-
oped across the OLED can be kept fixed.

While above, the embodiments of the present invention
have been described, the present invention is not intended to
be limited to the above-mentioned embodiments. For
example, while in the above-mentioned embodiments, there
has been shown the example in which the anode of the OLED
is connected to the switch transistor, even in the case as well
where the cathode of the OLED is connected to the switch
transistor, the driving method according to the present inven-
tion is also effective. In addition, it is to be understood that
even when the channel conduction type of the switch transis-
tor is the p-channel, the driving method according to the
present invention is also effective.

As set forth hereinabove, according to an OLED display
device of the present invention, in an operating method of
driving a pixel display device wherein at least one TFT and
one OLED are included in each of pixels which are arranged
in a matrix in correspondence to a plurality of gate lines, a
plurality of data lines and intersections therebetween, a
reverse bias is applied for a period of time of the non-light
emission, whereby a highly reliable display device can be
realized.

In addition, according to the present invention, it is pos-
sible to provide an organic LED display device which is
excellent in the reliability.

While the present invention has been particularly shown
and described with reference to the embodiments and the
specified modifications thereof, it will be understood that the
various changes and other modifications will occur to these
skilled in the art without departing from the scope and true
spirit of the invention. The scope of the invention is therefore
to be determined solely by the appended claims.

What is claimed is:

1. An organic LED display device comprising:

thin film transistors in which a plurality of gate lines and a
plurality of data lines intersecting said plurality of gate
lines are provided on a substrate, pixels are defined by
said plurality of gate lines and said plurality of datalines,
and

a gate scanning signal is applied to said pixels through said
gate lines, respectively; and light emitting devices each
of which emits light by a driving current, which is caused
to flow between an associated one of pixel electrodes
formed in correspondence to said pixels and an associ-
ated one of counter electrodes opposite to the respective
pixel electrodes,

wherein each of said light emitting devices is an organic
LED device, and for a part of a period of time when the
associated one of said thin film transistors is in the non-
conducting state, the associated one of said organic LED
devices is in the non-light emission state, and is applied
with a bias voltage having a polarity reverse to the polar-
ity of said bias voltage applied to said associated organic
LED device in the light emission state; and

a reverse bias is applied to the organic LED by turning on
an associated thin film transistor, such that the thin film
transistor is in the conducting state, and, after an electric
potential is established, the thin film transistor is
changed to be in a nonconducting state such that the
reverse bias is maintained.
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2. An organic LED display device according to claim 1,
wherein for a period of time when the associated one of said
thin film transistors is in the conducting state, a voltage of the
data signal is changed in such an order that, first a forward
bias is applied to the associated one of said organic LED
devices and then a reverse bias voltage is applied to said one
organic LED device, said terms “forward” and “reverse” con-
form to those used in a voltage-current characteristic of
organic LED devices.

3. An organic LED display device comprising:

thin film transistors in which a plurality of gate lines and a

plurality of data lines intersecting said plurality of gate
lines are provided on a substrate, pixels are defined by
said plurality of gate lines and said plurality of datalines,
and a gate scanning signal is applied to said pixels
through said gate lines, respectively; and

light emitting devices each of which emits light by a driv-

ing current, which is caused to flow between an associ-
ated one of pixel electrodes formed in correspondence to
said pixels and an associated one of counter electrodes
opposite to the respective pixel electrodes, the counter
electrodes being first common electrodes,

wherein each of said light emitting devices is an organic

LED device, storage capacitors are formed, one for each
pixel, one electrode of each storage capacitor is con-
nected to a pixel electrode of an associated organic LED
device and the other electrodes of the storage capacitors
are connected to a second power supply via associated
second common electrodes on a row by row basis and,
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for at least a part of a period of time when an associated
thin film transistor is in the non-conduction state, the
associated organic LED device is in the non-light emis-
sion state and is applied with a bias voltage having the
polarity reverse to the polarity of said bias voltage
applied to said associated organic LED device in the
light emission state by changing a voltage of said second
power supply; and

a reverse bias is applied to the organic LED by turning on

the associated thin film transistor, such that the thin film
transistor is in the conducting state, and, after an electric
potential is established, the thin film transistor is
changed to be in a nonconducting state such that the
reverse bias is maintained.

4. An organic LED display device according to claim 3,
wherein after the associated one of said thin film transistors
has become the non-conducting state, a voltage of the asso-
ciated second common electrode is changed so that said asso-
ciated one of the organic LED devices emits light.

5. An organic LED display device according to claim 4,
wherein the voltage fluctuation given to said common elec-
trode of said storage capacitors in each of the rows is a square
wave.

6. An organic LED display device according to claim 4,
wherein the voltage fluctuation given to said common elec-
trode of said storage capacitors in each of the rows is a ramp
wave.
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