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DESCRIPTION

THIN FILM TRANSISTOR CIRCUIT, LIGHT EMITTING DISPLAY

APPARATUS, AND DRIVING METHOD THEREOF

TECHNICAL FIELD

The present invention relates to a thin film
transistor circuit, a light emitting display apparatus,
and the driving methods thereof. In particular, the
light emitting display apparatus and the driving method

thereof according to the present invention are suitably

- used respectively for a light emitting display

apparatus which includes, like a matrix, bixels each
composed of a light emitting device and a driving
circuit for supplying current to the light emitting
device, and for the driving method thereof. Here, it
should be noted that, for example, an organic
electroluminescence (EL) device can be used as the

light emitting device.

BACKGROUND ART

Recently, an organic EL display using an organic
EL device as a light emitting device has been studied
and developed. In the organic EL display like this, an
active-matrix (AM) organic EL display in which a
driving circuit is provided in each pixel is generally

used to extend the life span of the organic EL device



WO 2009/022563 PCT/JP2008/063932

10

15

20

25

and achieve high-quality image.. The relevant driving
circuit is constituted by a thin film transistor (TFT)
formed on a substrate such as glass, plastic or the
like. 1In the organic EL display, the substrate and the
driving circuit portion are together called a back
plane.

As the TFT of the back plane for the organic EL
display, amorphous silicon (called a-Si hereinafter),
polycrystal silicon (called p-Si hereinafter), or the
like have been studied. 1In addition, a TFT in which an
amorphous oxide semiconductor (called an AOS
hereinafter) is used as its channel layer has newly
been proposed recently. Here, for example, amorphous
In(indium)-Ga(gallium)-2%n(zinc)-0(oxide) (called a-IGZO
hereinafter) is used as the material of the AOS.
Besides, for example, amorphous Zn(zinc)-In(indium)-
O(oxide) (called a-ZIO hereinafter) is used as the
material of the AOS. It is conceivable that the TFT in
which the AOS is used as its channel layer has mobility
which is ten times or more as much as that of an a-Si
TET and also has high uniformity which is caused by
amorphousness. Therefore, the TFT in which the A0S is
used as its channel layer is promising as the TFT of
the back plane for the display. The TFT in which the
AOS is used as its channel layer is disclosed in, for
example, “Nomura, et al., Room-Temperature Fabrication

of Transparent Flexible Thin Film Transistors using
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Amorphous Oxide Semiconductors, Nature, vol. 432, pp.
488-492 (2004)” and “Yabuta, et al., High-Mobility
Thin-Film Transistor with Amorphous InGaZnO4 Channel
Fabricated by Room Temperature RF-magnetron Sputtering,
Appl. Phys. Lett. (APL), 89, 112123 (2006)"”.

In any case, there are several problems in case
of achieving high-quality display by an active matrix
(AM) organic EL display. More specifically, (1) a
voltage-luminance characteristic of an organic EL
device changes over time, (2) a characteristic of a TFT
being the constituent element of a driving circuit
varies from others, and (3) the characteristic of the
TFT changes due to an electrical stress.

Here, in a case where an AOS-TFT is used for the
driving circuit, the above problems (1) and (2) can be
improved because uniformity of the AOS-TFTs is high and
a driving circuit for controlling the currents supplied
from the AOS-TFT to the organic EL device is employed.

On the other hand, since the characteristic of
the AOS-TET changes due to the electrical stress, the

above problem (3) still remains.

DISCLOSURE OF THE INVENTION

The present invention aims to suppress
deterioration of display quality according to a
characteristic change of a TFT due to an electrical

stress.
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A driving method of the present invention, of a
thin film transistor circuit which includes a thin film
transistor of which a threshold voltage changes due to
an electrical stress applied between a gate terminal
and a source terminal, is characterized by comprising:
applying the electrical stress between the gate
terminal and the source terminal at a time when the
thin film transistor is not driven, so as to drive the
thin film transistor in a region that the threshold
voltage is saturated to the electrical stress.

Further, a driving method of the present
invention, of a light emitting display apparatus which
includes plural pixels each having a light emitting
device and a driving circuit for driving the light
emitting device, is characterized in that the driving
circuit includes at least one thin film transistor of
which a threshold voltage reversibly changes due to an
electrical stress applied between a gate terminal and a
source terminal, and the driving method comprises
applying the electrical stress between the gate
terminal and the source terminal of the thin film
transistor in a non-displaying period of the light
emitting display apparatus, so as to drive the thin
film transistor in a region that the threshold voltage
is saturated to the electrical stress.

Furthermore, a thin film transistor circuit, of

the present invention, which includes a thin film
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transistor of which a threshold voltage reversibly
changes due to an electrical stress applied between a
gate terminal and a source terminal, and a voltage
applying unit to apply voltage between the gate
terminal and the source terminal of the thin film
transistor as the electrical stress, is characterized
in that the voltage applying unit applies the
electrical stress between the gate terminal and the
source terminal at a time when the thin film transistor
1s not driven, so as to drive the thin film transistor
in a region that the threshold voltage is saturated to
the electrical stress.

Furthermore, a light emitting display apparatus,
of the present invention, which includes plural pixels
each having a light emitting device and a driving
circuit for driving the light emitting device, is
characterized in that: the driving circuit includes a
thin film transistor of which a threshold voltage
reversibly changes due to an electrical stress applied
between a gate terminal and a source terminal, and a
voltage applying unit to apply voltage between the gate
terminal and the source terminal of the thin film
transistor as the electrical stress; and the voltage
applying unit applies the electrical stress between the
gate terminal and the source terminal of the thin film
transistor in a non-displaying period of the light

emitting display apparatus, so as to drive the thin
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film transistor in a region that the threshold voltage
is saturated to the electrical stress.

According to the present invention, since it is
possible to use the thin film transistor (TFT) in the
region that the threshold voltage is saturated to the
electrical stress, it is possible to suppress an
influence of a characteristic change of the TFT due to
the electrical stress.

Further features of the present invention will
become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view indicating the constitution 1
(on Si substrate) of an a-IGZO TET in the Embodiment 1
of the present invention.

FIG. 2 is a view indicating an Id-Vg (drain
current versus géte voltage) characteristic of the
constitution 1 of the a-IGZO TFT in the Embodiment 1 of
the present invention.

FIG. 3 is a view indicating the threshold change
by the electric stress of the constitution 1 of the a-
IGZO TFT in the Embodiment 1 of the present invention.

FIG. 4 is a view indicating the recovery
characteristic of the recovery from the changed

situation of the constitution 1 of the a-IGZ0 TFT in
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the Embodiment 1 of the present invention.

FIG. 5 is a view indicating the gate voltage
dependency of the stress change of the constitution 1
of the a-IGZO TET in the Embodiment 1 of the present
invention.

FIG. 6 is a view indicating the plural Id-Vg
characteristics of the constitution 1 of the a-IGZO TFT
in the Embodiment 1 of the present invention.

FIG. 7 is a view indicating the constitution 2
(on glass substrate) of the a-IGZO TFT in the
Embodiment 1 of the present invention.

FIG. 8 is a view indicating a pixel circuit in
the Embodiment 1 of the present invention.

FIG. 9 is a circuit diagram indicating a case
that the voltage is applied so as to lower drain and
source potentials to a gate potential in a thin film
transistor.

FIG. 10 is a view indicating the change of
threshold voltage in case of changing the drain voltage.

FIG. 11 is a view indicating a pixel region of an

organic EL display apparatus of the present embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

The present inventors obtained the following
knowledge by advancing an evaluation of an AOS-TFT
(amorphous oxide semiconductor - thin film transistor).

That is, although the AOS-TFT has such a property
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of shifting threshold voltage by the electrical stress,
the shift of this threshold voltage tends to be
temporally saturated. The shift of the threshold
voltage appears in a case that a gate potential is
higher than a source potential. With respect to the
shift of the threshold voltage of the AOS-TFT, there is
such a property of returning to a condition before
applying the electrical stress by eliminating the
electrical stress and leaving the AOS-TFT for a certain
period. That is, the AOS-TFT according to the present
invention has been proposed on the basis of a property
that the threshold voltage of the AOS-TFT reversibly
changes by applying and eliminating the electrical
stress. Note that the present invention can be applied
to a TFT, of which the threshold voltage is changed by
the electrical stress to be applied between a gate
terminal and a source terminal, and is not limited to
the AOS-TET.

Hereinafter, as the embodiments of the present
invention, a description will be given about an organic
EL display apparatus (serving as a light emitting
display apparatus), where a driver circuit hés the AOS-
TET in which an a-IGZO is treated as a channel layer
and organic EL devices serve as light emitting devices.

However, the present invention can be also
applied to a light emitting display apparatus, where

the A0S other than the a-IGZ0 is treated as a
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semiconductor, or a light emitting display apparatus,
where light emitting devices other than the organic EL
devices, for example, inorganic EL devices are used.
In addition, the present invention can be widely used
to thin film transistor circuits having TFTs of using
amorphous oxide semiconductors as channel layers.

A thin film transistor circuit of the present
invention has a thin film transistor, of which the
threshold voltage is changed by the electrical stress
to be applied between the gate terminal and the source
terminal, and a voltage applying unit, which applies
the voltage between the gate terminal and the source
terminal of the thin film transistor as the electrical
stress. The voltage applying unit applies the
electrical stress between the gate terminal and the
source terminal when the thin film transistor is not
driven so as to drive the thin film transistor in a
region that the threshold voltage is saturated to the
electrical stress. Specifically, the voltage is
applied between the gate terminal and the source
terminal such that the gate potential becomes higher
than the source potential in the thin film transistor.
When the electrical stress 1s applied, the gate
potential may be set to become equal to or higher than
a drain potential in the thin film transistor.

The voltage may be applied to the source terminal

of the thin film transistor so as to lower to the gate
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potential. FIG. 9 is a circuit diagram indicating a
case that the voltage is applied so as to lower the
drain and source potentials to the gate potential in
the thin film transistor. The voltage applying unit is
constituted from two switches and two power sources Vs,
and Vga. At a time point of ordinarily using the thin
film transistor, a voltage Vy is applied to the gate
terminal, a voltage V4 is applied to the drain terminal
and a voltage V5 is applied to the source terminal. At
a time point before using the thin film transistor, the
gate potential V4 can be kept higher than the source
potential Vs by switching on the power source Vg, at a
source terminal side and applying the voltage Vs (Vg >
Vs) to the source terminal with a state of applying the
voltage Vg to the gate terminal. 1In this case, the
voltage V4 may be applied to the drain terminal (it
assumed that Vg > V4 or Vg = Vg4) upon switching on the
power source Vg, at a drain terminal side.

As an AM device of using the AOS-TFT other than
the light emitting display apparatus, it can be applied
to, for example, a pressure sensor of using a pressure-
sensitive device or an optical sensor of using a
photosensitive device, and the similar effect can be
obtained.

An amorphous described in the present invention
is defined in that an obvious peak 1s not observed in

an X-ray diffraction.
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The organic EL display apparatus of the present
invention has plural pixels having organic EL devices
and driver circuits for driving the organic EL devices.
A driver a-IGZO TEFT for controlling a current to be
supplied to the organic EL device and one or plural
switches of changing the connection of the driver TFT
are at least provided in the driver circuit. 1In
addition, in a displaying period, the driver TFT
operates in a region that the threshold voltage is
saturated to the electrical stress. In the present
embodiment, the region that the threshold voltage is
saturated means a region that a change rate of the
threshold voltage of a thin film transistor -to the
electrical stress is in a small level. Here, the
region that a change rate of the threshold voltage is
in a small level means a region that the change of the
threshold voltage to the electrical stress does not
influence the driving of the thin film transistor.

In the organic EL display apparatus of the
present embodiment, a high level voltage is applied to
the gate terminal and a low level voltage is applied to
the source and drain terminals in the driver TFT by
turning on and off a switch during a non-light emitting
period, for example, in a case that a switch of the
display is turned off. According to this operation,
since the electrical stress is continuously applied to

the driver TFT, the driver TFT can maintain a saturated



WO 2009/022563 PCT/JP2008/063932

10

15

20

25

12

region without recovering the shift of the threshold
voltage. With respect to application of the electrical
stress, the voltage may be continuously or
intermittently (for example, plural-time pulses)
applied.

Thereafter, if a displaying operation is
performed again, the driver TFT is to operate in a
region that the threshold voltage is saturated.
Therefore, in the organic EL display apparatus of the
present embodiment, the shift of the threshold voltage
to the electrical stress in the TFT can be reduced to a
small level, and the deterioration of display quality
can be suppressed.

In addition, it is preferable that the organic EL
display apparatus of the present invention performs an
operation of applying the voltage to the driver TFT by
the time at least 48 hours before starting to use the
display apparatus and more preferably by the time 24
hours before starting to use the display apparatus
after the display apparatus was fabricated. By
performing the present operation, the driver TFT can be
operated in a region that the threshold voltage is
saturated to the electrical stress from the time of
starting to use the display apparatus.

In addition, it is more preferable that the
organic EL display apparatus of the present embodiment

equips an accessory battery. By equipping the
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accessory battery, even if in a case that the display
apparatus is not connected to an external power source
in moving, an operation of applying the electrical
stress can be performed. Since an operation of
applying the voltage to the driver TFT does not almost
require the current supply, the power consumption in
operating results in a little consumption.

(Embodiment 1)

First, the characteristic of a TFT, in which the
a-I1GZ0 to be used in the present embodiment is treated
as a channel layer, will be described.

A fabricating method of the a-IGZO TFT will be
indicated as below.

As indicated in FIG. 1, a thermally-oxidized SiO,
insulation film 20, of which thickness is 100nm, is
formed on an Si substrate 30, to which impurity such as
P (phosphorus) or As (arsenic) is densely injected.
Here, a part of the Si substrate 30 constitutes a gate
electrode.

Thereafter, an a-IGZ0 film 10, of which thickness
is 50nm, is deposited in the room temperature by a
sputter deposition method by treating a polycrystalline
IGZ0 as a target. Next, a channel layer is formed by
patterning the a-IGZO film 10 by a wet etching process
depending on a photolithography method and the dilute
hydrochloric acid.

Subsequently, after depositing a Ti payer (5nm)



WO 2009/022563 PCT/JP2008/063932

10

15

20

25

14

50 and an Au layer (40nm) 40 by an EB (electron beam)
vapor deposition method upon patterning the resist by
the photolithography method, source and drain
electrodes of Au/Ti are formed by a lift-off method.

Then, an annealing process is further executed
for an hour at the temperature of 300°C.

According to the above process, the a-IGZ0 TFT as
indicated in FIG. 1 can be formed.

An electric characteristic of the a-IGZO TET
which can be obtained by the above-described
fabricating method will be indicated.

FIG. 2 indicates the Id-Vg characteristic of the
present TEFT. The present TFT, of which the channel
width is 80um, the channel length is 10um, the
threshold voltage is =-0.1V and the mobility is 18cm?/Vs,
has such the mobility which is ten times larger than
that of an ordinary a-Si TET.

The threshold voltage change (AVyy) in a case that
a portion between the gate terminal andvthe drain
terminal is short-circuited to the present TFT and a
constant current of 27uA is applied between the drain
terminal and the source terminal i1s indicated in FIG. 3.
A lateral axis in FIG. 3 denotes a time of applying the
electrical stress. At this time, the gate potential is
made higher than the source potential. And, the gate
potential is made equal to the drain potential. For

example, a notation of 5E+04 marked on the lateral axis
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in FIG. 3 denotes 5 x 10°.

In this case, a constant voltage is applied to
the gate terminal and the drain terminal. In addition,
a variable power source is provided on the source
terminal such that a constant current flows between the
drain terminal and the source terminal. That is, since
the current flows between the drain terminal and the
source terminal is determined by the potential
difference between the gate terminal and the source
terminal, the voltage of the power source provided on
the source terminal is adjusted such that the current
flows between the drain terminal and the source
terminal becomes a constant current.

And, from a fact that a voltage of the gate
terminal is larger than a voltage of the source
terminal, the electrical stress is applied to the TFT.
In this case, the threshold voltage of the TFT
gradually increases. Therefore, in order to set the
current, which flows between the drain terminal and the
source terminal, to a constant current, it is required
to increase the potential difference between the gate
terminal and the source terminal. For this reason, it
is adjusted such that a voltage of the power source
provided on the source terminal becomes small voltage
as the stress applying time is increased.

As compared with a fact that threshold voltage

variation is about 1V during a period from a time of
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elapsing twenty hours (about 70000 seconds) to a time
of elapsing sixty hours, the threshold voltage varies
about 3V during a period from a time of starting the
measurement to the time of elapsing about 70000 seconds.
Therefore, it is considered that when the stress

applying time reaches a certain level; the change rate

of the threshold voltage by the electrical stress

approaches a constant level. In a case indicated in

FIG. 3, for example, a region that the threshold
voltage variation is about 1V (after elapsing about
70000 seconds) is a saturation region of the threshold
voltage, and the TFT is driven in this region.
Incidentally, FIG. 3 indicates an example of the
relationship between the stress applying time and the
threshold voltage in a case that the electrical stress
was applied to a thin film transistor of using an
amorphous oxide semiconductor. The relationship
between the stress applying time and the threshold
voltage varies depending on the property of the
amorphous oxide semiconductor to be used and the stress
applying condition (voltage, temperature or the like).
A waveform of the Id-Vg characteristic before and
after applying the electrical stress of the gate
voltage 12V, the drain voltage 6V and the source
voltage OV to another a-IGZO TFT (channel width is
180pm and channel length is 30um) obtained by the

above-described method for 800 seconds is indicated in



WO 2009/022563 PCT/JP2008/063932

10

15

20

25

17

FIG. 4. A waveform .of the Id-Vg characteristic of the
same TFT after storing it in a dark place for two days
after that is similarly indicated in FIG. 4. According
to this FIG. 4, in case of storing it in a dark place
for two days (48 hours), the change of the threshold
voltage by the electrical stress is recovered. That is,
it is indicated that the influence by the electrical
stress remains during a period equal to or less than 48
hours. Consequently, it is understood that the
threshold voltage is reversibly changed by the
electrical stress to be applied between the gate
terminal and the source terminal.

In addition, the electrical stress is applied to
another a-IGz0 TFT (channel width is 180pm and channel
length is 30um) obtained by the above-described method
for 400 seconds in some gate voltages upon fixing the
drain voltage to 6V and the source voltage to the GND.
Kinds of gate voltages are five ways of -12V, -6V, 4V,
8V and 12V. FIG. 5 indicates the threshold voltage
variation by the electrical stress. According to this
FIG. 5, the threshold change is almost never observed
in a case that the gate voltage is lower than the
source voltage (equal to or less than 0V). Further, in
a case that the gate voltage is higher than the source
voltage and the drain voltage (12V), the threshold
change is resulted to become the largest change.

In addition, the electrical stress is applied to
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the a-IGz0 TFT (channel width is 180um and channel
length is 30um) for 400 seconds in some drain voltages
upon fixing the gate voltage to 20V and the source
voltage to the GND. FIG. 10 indicates the threshold
voltage variation in case of changing the drain voltage.
According to this FIG. 10, it is understood that the
threshold change becomes small as the drain voltage
approaches the gate voltage (20V).

Additionally, the Id-Vg characteristic of the a-
IGZO TFT, of which the channel width is 180um and the
channel length is 30um, obtained by the above-described
method is indicated in FIG. 6. FIG. 6 is a view of
overwriting Id-Vg characteristics of eight TFTs, and
uniformity of the characteristics becomes more high
level when the overwritten characteristics can be more
seen almost in one characteristic.

By using the a-IGZ0 TFT exhibiting the above
characteristic, an organic EL display apparatus
indicated in FIG. 7 will be fabricated by the following
method.

First, a Ti/Au/Ti stack film consisted of a Ti
layer 50-1, an Au layer 40-1 and a Ti layer 51-1 is
deposited by a vapor deposition method on a glass
substrate 60 as a gate line and a gate electrode. The
pattern forming for the Ti/Au/Ti stack film is
performed by using a photolithography method and a

lift-off method.
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Next, an 510, film is deposited by a sputtering
method as an insulation layer 21; The pattern forming
for the S5i0; film is performed by the photolithography
method and a wet etching method of using the buffered
hydrofluoric acid.

Subsequently, the a-IGZO film 10 is formed by the
sputtering method as a channel layer. The pattern
forming for the a-IGZO0 film 10 is performed by the
photolithography method and the wet etching method of
using the dilute hydrochloric acid.

Subsequently, a Ti/Au/Ti stack film consisted of
a Ti layer 50-2, an Au layer 40-2 and a Ti layer 51-2
is deposited by the vapor deposition method as data
wirings and source-drain electrodes. The pattern
forming for the Ti/Au/Ti stack film is performed by
using the photolithography method and the lift-off
method.

Subsequently, an SiO; film 52 is deposited as an
interlayer insulation film. The pattern forming for
the Si0; film 52 is performed by the photolithography
method and the wet etching method of using the buffered
hydrofluoric acid.

Subsequently, a photosensitive polyimide film 70
is deposited by a spin coat method as a planarization
film. The patterning for the photosensitive polyimide
film 70 can be performed by executing an exposure

process by the photolithography method and executing a
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separating process, because the photosensitive
polyimide is used.

Subsequently, an organic EL device is formed.

First, an ITO (indium tin oxide) film 80 is
deposited by the sputtering method as an anode
electrode. The pattern forming for the ITO film 80 is
performed by the photolithography method and the wet
etching method of using an ITO stripping solution or a
dry etching method.

Subsequently, a photosensitive polyimide film 71
is deposited by the spin coat method as a device
separation film. The patterning for the photosensitive
polyimide film 71 can be performed by executing the
exposure process by the photolithography method and
executing the separating process, because the
photosensitive polyimide is used.

Subsequently, an organic film 90 is deposited by
the vapor deposition method as a light emitting layer.
The pattern forming for the organic film 90 is
performed by a metal mask method.

Subsequently, an Al film is deposited by the
vapor deposition method as a cathode electrode 100.
The pattern forming for the Al film is performed by the
metal mask method.

At last, an organic EL display apparatus can be
fabricated (FIG. 7) by performing the glass sealing by

using a glass substrate 61.
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FIG. 8 indicates a pixel circuit in the organic
EL display apparatus of the present embodiment. The
pixel circuit corresponds to a circuit constituting
bart surrounded by a broken line excepting an organic
EL device (OLED (organic light emitting diode)). FIG.
11 indicates a pixel region of the organic EL display
apparatus of the present embodiment. In Fig. 11,
reference symbols S1 to S6 denote switches which serve
to operate the voltage applying means, and a pixel is
composed of the organic EL device (OLED) and the pixel
circuit. In the present embodiment, the pixel circuit
serving as a driver circuit is constituted by three a-
IGZO TFTs (TFT1, TFT2 and TFT3) and a capacitor C
exists between‘the gate terminal and the source
terminal of the TFT1. The TFT1 is a driver TET for
controlling a current to be supplied to the organic EL
device (OLED) and the TFT2 and the TFT3 operate as
switches.

Initially, an operation in an ordinary display
period in the present embodiment will be described.
Here, although an operation of a pixel positioned on a
place defined by the m-row and the n-column will be
described, an operation of another pixel is same as
that of the above-described pixel. 1In the ordinary
display period, the switches S1 to S6 are in an OFF
state.

In a period that a scanning line SL, is selected,
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a high level voltage is applied to the scanning line
SLn, and the TFT2 and the TFT3 are switched ON. During
that selection period, the gray-scale voltage is
applied to the gate terminal of the TFT1 from a data
line DL, via the TFT2. And, the GND voltage is applied
to the source terminal of the TFT1 from a GND line via
the TFT3. Thereafter, when a scanning line of a next
stage is selected, a low level voltage is applied to
the scanning line SL,, and the TFT2 and the TFT3 are
switched OFF. At this time, with respect to the
voltage between the gate terminal and the source
terminal of the TFT1, the gray-scale voltage in a
selection period is held by the capacitor C. As long
as the TET1 operates in a saturation region, a current
to be flown in the TFT1 is determined by the gray-scale
voltage. Therefore, a current to be supplied to the
OLED, that is, the luminance of the OLED can be
controlled by the magnitude of the present gray-scale
voltage.

The selection of the above-described scanning
line is performed sixty times per second for all the
scanning lines on the display. That is, one frame
period corresponds to a ratio of 1/60 seconds.

Next, an operation in a non-displaying period in
the present embodiment will be described. Although an
operation of a pixel positioned on a place defined by

the m-row and the n-column will be described, an
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operation of another pixel is same as that of the
above-described pixel.

In the organic EL display apparatus of the
present embodiment, all the scanning lines of SIL, and
the data lines of DL, are selected in at least a part
of the non-displaying period, and the TFT2 and the TFT
3 are switched ON. And, a constant voltage VB higher
than the GND voltage is applied to the data line DI,
upon turning ON the switches S4 to S6. Further, the
drain voltage of the TFT1, that is, the voltage vdd is
set to the GND voltage upon turning ON the switches S1
to S3.

At this time, a current does not flow in the OLED,
meanwhile the electrical stress is continuously applied
to the TET1l. Consequently, the TFT1 is held with a
state that a value of the threshold voltage for the
electrical stress is saturated.

By performing the above operation, the organic EL
display apparatus of the present invention can operate
the a-IGZO TFT in a saturated region of the threshold
voltage for the electrical stress. 2As a result, the
deterioration of image quality due to the electrical
stress can be suppressed.

Note that since the TFT2 and the TFT3 operate as
switches, even if the threshold voltage is shifted, the
TFT can be driven if the driving voltage of the TFT is

previously set to a predetermined value. Therefore,
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although it is not always required to apply the
electrical stress to the TFT2 and the TFT3, when the
driving voltage of the TFT is desired to be set to a
constant voltage, that is, when the influence by the
variation of the threshold voltage is desired to be
suppressed, the electrical stress may be applied
similar to a case of the TFT1.

(Embodiment 2)

An organic EL display apparatus of the present
embodiment further includes a battery in the organic EL
display apparatus of the Embodiment 1, and an operation
of applying the electrical stress is enabled to be
performed in at least a part of the non-displaying
period indicated in the Embodiment 1 without supplying
the power from an external.

After completing to fabricate the product, the
TFT1 can be realized to operate in the saturated region
of the threshold voltage for the electrical stress by
applying the electrical stress. Additionally, the TFT1
can be kept in a state of operating in a region that
the change for the electrical stress is saturated until
a time before starting to use by performing an
operation in the above-described non-display state by
using the battery.

Furthermore, by providing the battery, the TFT1
can be kept in a state of operating in the region that

the change for the electrical stress is saturated even
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if in a case that the organic EL display apparatus is
separated from the power source and is moved.

However, since the recovery of the above-
described characteristic comes about after elapsing a
time equal to or longer than 48 hours, it is desirable
to avoid to space the time equal to or longer than 48
hours concerning the above-described operation from a
time of starting to use. More preferably, it has to be
avoided to space a time to be fixed within 24 hours.

In an operation of the above-described non-
display state, since there is not a route of flowing a
current excepting a leak current, the power supplied
from the battery to be used to perform the operation in
the above-described non-display state is a small power.
Therefore, in case of mounting the organic EL display
apparatus of the present embodiment on an apparatus
having a battery such as a notebook PC or a mobile
phone, the influence for a period available to supply
the power of the battery caused by performing the
operation in the above-described non-display state is
very few.

In case of applying the electrical stress after
completing to fabricate the product, a time taken for
the TFT1 to reach a region that the threshold voltage
is saturated to the electrical stress can be shortened
by applying the temperature together with the

electrical stress.
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As above described, in the present embodiment,
the deterioration of display quality by the electrical
stress can be suppressed in the organic EL display
apparatus having driver circuits in which the a-IGZO
TFTs serve as the constituent.

Although the description only concerning the TFT,
in which the a-IGZ0O film is treated as a channel layer,
was given in the Embodiments 1 and 2, the present
invention can be also applied to the AOS-TFT having the
similar characteristic to the electrical stress.

In addition, in case of realizing a display
apparatus more excellent in the multi gray-scale, even
if a driver circuit having a threshold correction
function or a driver circuit having the current mirror
constitution is adopted, the same effect can be
obtained by applying the voltage to the driver TFT in
the non-displaying period as described above.

In addition, in the Embodiment 2, the power
necessary for applying the voltage is supplied from a
battery equipped with the light emitting display
apparatus or equipped with a system including the
display apparatus, and the voltage is applied in a non-
light emitting period without supplying the power from
an external power source of the light emitting display
apparatus. Herewith, the voltage can be applied even
if the external power source is not provided.

The present invention can be applied to a light
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emitting apparatus having an AOS-TFT in which a driver
circuit of a light emitting device functions to treat
the AOS as a channel layer. The present invention can
be also applied to an AM device of using the AOS-TET
other than the light emitting display apparatus, for
example, a pressure sensor of using a pressure-
sensitive device or an optical sensor of using a
photosensitive device.

While the present invention has been described
with reference to the exemplary embodiments, it is to
be understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and function.

This application claims the benefit of Japanese
Patent Application No. 2007-209984, filed August 10,
2007, which is hereby incorporated by reference herein

in its entirety.
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CLAIMS

1. A driving method of a thin film transistor
circuit which includes a thin film transistor of which
a threshold voltage changes due to an electrical stress
applied between a gate terminal and a source terminal,
the driving method comprising:

applying the electrical stress between the gate
terminal and the source terminal at a time when the
thin film transistor is not driven, so as to drive the
thin film transistor in a region that the threshold
voltage is saturated to the electrical stress.

2. A driving method of the thin film transistor
circuit according to Claim 1, wherein the electrical
stress is applied by making gate potential of the thin
film transistor higher than source potential of the
thin film transistor.

3. A driving method of the thin film transistor
circuit according to Claim 2, wherein the gate
potential of the thin film transistor is made equal to
or higher than drain voltage when the electrical stress
is applied.

4. A driving method of a light emitting display
apparatus which includes plural pixels each having a
light emitting device and a driving circuit for driving
the light emitting device, wherein

the driving circuit includes at least one thin
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film transistor of which a threshold voltage changes
due to an electrical stress applied between a gate
terminal and a source terminal, and

the driving method comprises applying the
electrical stress between the gate terminal and the
source terminal of the thin film transistor in a non-
displaying period of the light emitting display
apparatus, so as to drive the thin film transistor in a
region that the threshold voltage is saturated to the
electrical stress.

5. A driving method of the light emitting display
apparatus according to Claim 4, wherein the electrical
stress 1s applied by making gate potential of the thin
film transistor higher than source potential of the
thin film transistor.

6. A thin film transistor circuit which includes
a thin film transistor of which a threshold voltage
changes due to an electrical stress applied between a
gate terminal and a source terminal, and a voltage
applying unit adapted to apply voltage between the gate
terminal and the source terminal of the thin film
transistor as the electrical stress, wherein

the voltage applying unit applies the electrical
stress between the gate terminal and the source
terminal at a time when the thin film transistor is not
driven, so as to drive the thin film transistor in a

region that the threshold voltage is saturated to the
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electrical stress.
7. A thin film transistor circuit according to
Claim 6, wherein the voltage applying unit makes gate
potential of the thin film transistor higher than
5 source potential of the thin film transistor.
8. A thin film transistor circuit according to
Claim 6, wherein the thin film transistor uses an
amorphous oxide semiconductor as a channel layer.
9. A light emitting display apparatus which
10 includes plural pixels each having a light emitting
device and a driving circuit for driving the light
emitting device, wherein
the driving circuit includes a thin film
transistor of which a threshold voltage changes due to
15 an electrical stress applied between a gate terminal
and a source terminal, and a voltage applying unit
adapted to apply voltage between the gate terminal and
the source terminal of the thin film transistor as the
electrical stress, and
20 the voltage applying unit applies the electrical
stress between the gate terminal and the source
terminal of the thin film transistor in a non-
displaying period of the light emitting display
apparatus, so as to drive the thin film transistor in a
25 region that the threshold voltage is saturated to the
electrical stress.

10. A light emitting display apparatus according
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to Claim 9, wherein the voltage applying unit makes
gate potential of the thin film transistor higher than
source potential of the thin film transistor.

11. A light emitting display apparatus according
to Claim 9, wherein power necessary for the voltage to
be applied is provided by the light emitting display
apparatus or supplied from a battery provided in a
system including the light emitting display apparatus.

12. A light emitting display apparatus according
to Claim 9, wherein the thin film transistor of the
light emitting display apparatus uses an amorphous

oxide semiconductor as a channel layer.
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