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(57) ABSTRACT

In the present invention, there is provided an organic electro
luminescence device including: an organic electro lumines-
cence light emitting element; and a driving circuit for driving
the organic electro luminescence light emitting element,
wherein the driving circuit includes (A) an element driving
transistor, (B) a video-signal write transistor, and (C) a
capacitor having a pair of particular and other electrodes, with
regard to the element driving transistor, (A-1) a source/drain
area provided on a particular side of the element driving
transistor to serve as a particular source/drain area of the
element driving transistor is connected to a current supply
section, and (A-2) a source/drain area provided on the other
side of the element driving transistor to serve as another
source/drain area of the element driving transistor is con-
nected to the anode electrode of the organic electro lumines-
cence light emitting element and the particular electrode of
the capacitor, forming a second node.

10 Claims, 38 Drawing Sheets
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ORGANIC EL DEVICE AND ORGANIC EL
DISPLAY APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

The present invention contains subject matter related to
Japanese Patent Application JP 2007-175540 filed in the
Japan Patent Office on Jul. 3, 2007, the entire contents of
which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic EL (electro
luminescence) device and an organic EL (electro lumines-
cence) display apparatus employing this organic EL device.
In this specification, the technical term ‘electro lumines-
cence’ is abbreviated to EL. In addition, two sides of a com-
ponent are referred to as respectively particular and other
sides of the component. By the same token, two electrodes of
a component are referred to as respectively particular and
other electrodes of the component. In the same way, two faces
of an area are referred to as respectively particular and other
faces of the area.

2. Description of the Related Art

In an organic EL display apparatus employing an organic
EL device including an organic EL light emitting element, the
luminance of the organic EL device is controlled by a current
flowing through the organic EL device. Strictly speaking, the
luminance of the organic EL device is the luminance of the
organic EL light emitting element employed in the organic
EL device. In addition, much like a liquid-crystal display
apparatus, a simple matrix method and an active matrix
method are each generally known as a driving method of the
organic EL display apparatus. In comparison with the simple
matrix method, the active matrix method has a shortcoming of
a complicated structure. Nevertheless, the active matrix
method offers merits such as a high degree of image lumi-
nance.

A circuit for included in the organic EL device as a circuit
for driving an organic EL light emitting element employed in
the organic EL device is, for example, a driving circuit having
five transistors and one capacitor. In the following descrip-
tion, the driving circuit employing five transistors and one
capacitor is referred to as a 5Tr/1C driving circuit. The 5Tr/1C
driving circuit is described in documents such as Japanese
Patent Laid-open No. 2006-215213. As shown in FIG. 36, the
5Tr/1C driving circuit employs five transistors and a capacitor
C,. The five transistors are a video-signal write transistor
T, an element driving transistor Tp,,, a light-emission con-
trol transistor Tp; -, a first-node initialization transistor
Tap, and a second-node initialization transistor T ypy,. In this
configuration, the other source/drain area of the element driv-
ing transistor T, forms a second node ND, whereas the gate
electrode of the element driving transistor T, forms a first
node ND,. In the following description, the other source/
drain area of the element driving transistor T,,, is a source/
drain area provided on a side close to the organic EL light
emitting element to serve as the other source/drain area of the
element driving transistor T, .

Each of the transistors cited above is, for example, a TFT
(Thin Film Transistor) of an n-channel type. The organic EL
light emitting element denoted by notation ELP in figures in
this specification is provided on a created inter-layer insula-
tion layer for example, so as to cover the driving circuit. The
anode electrode of the organic EL light emitting element ELP
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is connected to the other source/drain area of the element
driving transistor T, . On the other hand, a voltage V., of 0
volts, for example, is applied to the cathode electrode of the
organic EL light emitting element ELP. Notation Cy; shown
in each figure of this specification denotes the parasitic
capacitance of the organic EL light emitting element ELP.

SUMMARY OF THE INVENTION

FIG. 4 is a diagram showing a model of timing charts of the
driving circuit. FIGS. 5A to 5D and FIGS. 6A to 6E are
diagrams showing models of turned-on and turned-off states
of the transistors. Details of driving operations of the driving
circuit will be explained later. Some of the driving operations
are described as follows. As shown in F1G. 4, during a period
TP(5),, pre-processing is carried out for a threshold-voltage
cancel process to be executed later. That is to say, a first-node
initialization transistor control circuit 104 and a second-node
initialization transistor control circuit 105, which are shown
in FIG. 36, are driven in order to set a first-node initialization
transistor control line AZ, ,,, and a second-node initialization
transistor control line AZ,, respectively at a high level so as
to put the first-node initialization transistor T,,,, and the
second-node initialization transistor T,,,, respectively in a
turned-on state as shown in FIG. 5B. Thus, an electric poten-
tial appearing on the first node ND, becomes V , whichis 0
volts, for example, and an electric potential appearing on the
second node ND, becomes V. which is -10 volts, for
example. As aresult, a differencein electric potential between
the gate electrode of the element driving transistor T, and
the other source/drain area of the element driving transistor
T, becomes at least the threshold voltageV , of the element
driving transistor T, ., putting the element driving transistor
Tp,, 10 a turned-on state.

Then, during a period TP(5), shown in FIG. 4, athreshold-
voltage cancel process is carried out. As shown in FIG. 5D,
with the turned-on state of the first-node initialization tran-
sistor T, sustained as it is, at the beginning of the period
TP(5),, a light-emission control transistor control circuit 103
is driven in order to raise a light-emission control transistor
control line CL; . to a high level. The light-emission con-
trol transistor control line CL,; . raised to a high level puts
the light-emission control transistor Ty; . in a turned-on
state. As aresult, an electric potential appearing on the second
node ND, changes in a direction to an electric potential equal
to adifference obtained as a result of subtracting the threshold
voltage V,, of the element driving transistor T, , from an
electric potential appearing on the first node ND,. That is to
say, an electric potential appearing on the second node ND,,
which is in a floating state, rises. Then, as the difference in
electric potential between the gate electrode of the element
driving transistor T,,,, and the other source/drain area of the
element driving transistor T, reaches the threshold voltage
V ;, of the element driving transistor T ,,,,, the element driving
transistor T, is put in a turned-off state. In this state, the
electric potential appearing on the second node ND, is equal
to about a voltage difference of (V o5~V ,,). Then, during the
next period TP(5),, with the turned-on state of the first-node
initialization transistor Ty, sustained as it is, the light-emis-
sion control transistor control circuit 103 is driven in order to
pull down the light-emission control transistor control line
CLg; 1o alow level. The light-emission control transistor
control line CLg; . pulled down to a low level puts the
light-emission control transistor T; - in a turned-off state.
Subsequently, during the next period TP(5)., first-node ini-
tialization transistor control circuit 104 is driven in order to
pull down the first-node initialization transistor control line
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AZ,p, to a low level. The first-node initialization transistor
control line AZ,;,,, pulled down to a low level puts the first-
node initialization transistor T,,,, in a turned-off state.
Then, during the next period TP(5)s, as shown in FIG. 4, a
signal write operation for the element driving transistor T,
is carried out. To put it more concretely, as shown in F1G. 6C,
with the turned-off states of the first-node initialization tran-
sistor T,,p,, the second-node initialization transistor Ty,
and the light-emission control transistor T, . sustained as
they are, an electric potential is asserted on the data line DTL
to serve as a voltage corresponding to a video signal. This
voltage is thus a video signal (also referred to as a driving
signal or a luminance signal) V., for controlling the lumi-
nance of the organic EL light emitting element ELP. Then, the
scan line SCL is put at a high level in order to put the video-
signal write transistor T, in a turned-on state. As a result, an
electric potential appearing on the first node ND; rises to a
voltage V.. An electric charge based on a variation of an
electric potential appearing on the first node ND is distrib-
uted to the capacitance ¢, of the capacitor C,, the parasitic
capacitance C,; of the organic EL light emitting element ELP
as well as a parasitic capacitance C, between the gate elec-
trode of the element driving transistor T, and a source/drain
area located on the side close to the organic EL light emitting
element ELP to function as the other source/drain area of the
element driving transistor T ,,,,.. Thus, when an electric poten-
tial appearing on the first node ND, changes, an electric
potential appearing on the second node ND, also changes.
However, the larger the parasitic capacitance Cy; of the
organic EL, light emitting element ELP, the smaller the
change of the electric potential appearing on the second node
ND,. In addition, the parasitic capacitance C; of the organic
EL light emitting element ELP is generally greater than the
capacitance ¢, of the capacitor C, and the parasitic capaci-
tance C_, between the gate electrode of the element driving
transistor Tp,,, and a source/drain area located on the side
close to the organic EL light emitting element ELP as the
source/drain area of the element driving transistor T,,,. As
described above, the source/drain area located on the side
close to theorganic EL light emitting element ELP to function
as the source/drain area of the element driving transistor T,
is the aforementioned other source/drain area of the element
driving transistor T, ,. By assuming that an electric potential
appearing on the second node ND, hardly changes, an elec-
tric-voltage difference V., between the gate electrode of the
element driving transistor Tp,, and the other source/drain
area of the element driving transistor T, can be expressed by
Eq. (A) given as follows.
Vgs“VSig‘( VOfs_ Vth)
Then, during the next period TP(5),, as shown in FIG. 4, a
mobility correction process is carried out in order to raise an
electric potential appearing on the other source/drain area of
the element driving transistor T, ., in accordance with the
characteristics of the element driving transistor Tj,,. The
characteristics of the element driving transistor T ,,,, include
the magnitude of the mobility p of the element driving tran-
sistor Tp,,. The electric potential appearing on the other
source/drain area is an electric potential appearing on the
second node ND,. To put it more concretely, as shown in FIG.
6D, with the turned-on state of the element driving transistor
T, sustained as it is, the light-emission control transistor
control circuit 103 is driven in order to put the light-emission
control transistor Tz, . in a turned-on state. Then, after a
time period t, determined in advance has lapsed, the video-
signal write transistor T, is put in a turned-off state. As a
result, if the mobility pu of the element driving transistor
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T, s large, the raise AV of an electric potential appearing in
the other source/drain area of the element driving transistor
T, increases. If the mobility p of the element driving tran-
sistor Tp,,,, is small, on the other hand, the raise AV of an
electric potential appearing in the other source/drain area of
the element driving transistor T,,, decreases. In the following
description, the raise AV of an electric potential appearing in
the other source/drain area of the element driving transistor
T,,,, is also referred to as a voltage correction quantity. [n this
case, the expression of an electric-voltage difference V,
between the gate electrode of the element driving transistor
Tp,, and the other source/drain area of the element driving
transistor T, is changed from Eq. (A) given above to Eq. (B)
given below. In addition, it is nice to determine the entire
length t, of the period TP(5), which is set in advance as the
time it takes to carry out the mobility correction process, as a
design value when designing the organic EL display appara-
tus.

Ve Vsig= (Vo= Vi) -AV

o (3

The operations described above complete the threshold-
voltage cancel process, the signal write process and the
mobility correction process. Then, in the next period TP(5),
following the period TP(5),, the video-signal write transistor
T, is putin a turned-off state. In this state, the firstnode ND,
is in a floating state as shown in FIG. 6E. As shown in the same
figure, the first node ND, is the gate electrode of the element
driving transistor T 5,,,. On the other hand, the light-emission
control transistor T, . is sustaining its turned-on state. The
source/drain area of the light-emission control transistor
T,  on the side opposite to the side close the organic EL
light emitting element ELP is connected to the current supply
section serving as a section for controlling an operation to
drive the organic EL light emitting element ELP to emit light.
The current supply section generates a typical voltage V. of
20 volts, for example. Thus, as a result of the operations
carried out in the period TP(5)., an electric potential appear-
ing on the second node ND, rises, causing the same phenom-
enon as that of the so-called bootstrap circuit to occur in the
gate electrode of the element driving transistor Tj,,. There-
fore, an electric potential appearing on the firstnode ND, also
increases. As a result, an electric-voltage difference V,
between the gate electrode of the element driving transistor
T, and the other source/drain area of the element driving
transistor T, is kept at a value expressed by Eq. (B). In
addition, a current flowing through the organic EL light emit-
ting element ELP is a drain current I ,, flowing from the drain
of the element driving transistor T, to the source of the
element driving transistor Tj,,. Thus, the current flowing
through the organic EL light emitting element ELP can be
expressed by Eq. (C). The organic EL light emitting element
ELP emits light with at a luminance according to the magni-
tude of the drain current I ;..

Iy = ks (Vg — Vi) ©

=keuw(Vsg — Vo —AV)

The driving and other features of the 5Tr/1C driving circuit
having its outline explained so far will also described later in
detail.

By the way, in the organic EL device provided with the
5Tr/1C driving circuit shown in FIG. 36, when the organic EL
light emitting element ELP is in a light emission state, the
transistors connected to the first node ND, are putin a turned-
off state. To put it more concretely, the transistors connected



US 8,022,903 B2

5

to the first node ND, are the video-signal write transistor T,
and the first-node initialization transistor T,,,,. However,
currents flowing through the transistors each put in a turned-
off state cannot be ignored completely. A current flowing
through a transistor put in a turned-off state is the leak current
of the transistor. Thus, the leak currents flowing through the
transistors each connected to the first node ND, cause the
amount of electric charge accumulated in the capacitor C, to
vary. The variations of the amount of electric charge accumu-
lated in the capacitor C, cause an electric potential appearing
on the first node ND, to change and changes of the electric
potential appearing on the first node ND, cause the electric-
voltage difference V,, between the gate electrode of the ele-
ment driving transistor T, ., and the other source/drain area of
the element driving transistor T, also to vary as well. As
shown by Eq. (C) given above, the variations of the electric-
voltage difference V., between the gate electrode of the ele-
ment driving transistor T, and the other source/drain area of
the element driving transistor T, cause the drain current I ;,
flowing from the drain of the element driving transistor T,,,,
to the source of the element driving transistor T, to change
and variations of the current I, eventually cause the lumi-
nance of the organic EL light emitting element ELP also to
change as well. In addition, if the leak current characteristic of
each of the transistors connected to the first node ND, in the
organic EL device varies from device to device, the degree to
which the luminance of the organic EL light emitting element
ELP changes also varies from device to device, causing the
uniformity of the luminance of the organic EL light emitting
element ELP employed in the organic EL display apparatus to
deteriorate. Qualitatively speaking, the smaller the leak cur-
rent determined at a design stage as the leak current of each of
transistors connected to the first node ND |, the narrower the
widthofa range of variations of the leak current characteristic
exhibited by the transistors. Thus, by setting the leak current
determined at a design stage as the leak current of each of
transistors connected to the first node ND, at a small value,
the uniformity of the luminance of the organic EL display
apparatus can be improved.

Thus, in order to reduce luminance changes caused by the
leak currents of the transistors connected to the first node ND,
as described above as the changes of the luminance of the
organic EL light emitting element ELP, a case in which any
one of the transistors is designed into a dual-gate structure is
taken into consideration. A dual-gate structure is a structure in
which two gate electrodes of respectively two sub-transistors
which are connected to each other to form a series circuit are
wired to each other on a gate insulation layer and a high-
concentration area having a high conductivity is provided
between the gate electrodes as a gate common area. FIG. 37 is
a diagram showing a typical equivalent circuit of the 5Tr/1C
driving circuit in which the video-signal write transistor Tg,,
is designed into a dual-gate structure as an example. An area
Al is a source/drain area provided on a particular side of the
first one of the two sub-transistors, which jointly serve as the
video-signal write transistor T, . to function as the particular
source/drain area of the first sub-transistor. An area A2 is a
source/drain area provided on the other side of the second one
of the two sub-transistors to function as the other source/drain
area of the second sub-transistor. An area A3 is a common
source/drain area in which a source/drain area provided on the
other side of the first sub-transistor to function as the other
source/drain area of the first sub-transistor overlaps a source/
drain area provided on a particular side of the second sub-
transistor to function as the particular source/drain area of the
second sub-transistor. In the following description, the com-
mon source/drain area is referred to simply asa common area.
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Qualitatively speaking, a transistor designed into a dual-gate
structure is more capable of suppressing the leak current
thereof than a transistor having a single-gate structure. Thus,
changes of the luminance of the organic EL light emitting
element ELP are suppressed and, on top of that, the width of
a range of variations of the leak-current characteristic from
device to device can be reduced. As a result, the deterioration
of the uniformity of the luminance exhibited by the organic
EL display apparatus can be reduced. In the typical 5Tr/1C
driving circuit shown in FIG. 37, only the video-signal write
transistor T, is designed into a dual-gate structure. It is to be
noted, however, that in place of the video-signal write tran-
sistor T, the first-node initialization transistor Ty, can
also be designed into a dual-gate structure. As an alternative,
each of the video-signal write transistor T, and the first-
node initialization transistor T,,,, can also be designed into a
dual-gate structure.

The following description explains a consideration of an
electric potential appearing in the common area A3 in a tran-
sition of the video-signal write transistor T, from a turned-
on state to a turned-off state in the 5Tr/1C driving circuit
shown in FIG. 37. FIG. 38A is a diagram showing the dual-
gate structure of the video-signal write transistor Tg,,. As
shown in the figure, the video-signal write transistor Tg;,,
having the dual-gate structure includes a parasitic capaci-
tance C,, between the area A1 and one of the gate electrode,
a parasitic capacitance C ,, between the area A2 and the other
gate electrode and gate electrode parasitic capacitances C 44
between the gate electrodes and the common area A3. FIG.
38B is a diagram showing the 5Tr/1C driving circuit carrying
out a signal write process for the element driving transistor
Ty, Inthis figure, a voltage V g, representing a video signal
is an electric potential appearing on a data line DTL. Then,
when a scan line SCL is set at a high level such as 10 volts, the
video-signal write transistor T, is put in a turned-on state. In
this state, each of an electric potential appearing in the area
Al, an electric potential appearing in the area A2 and an
electric potential appearing in the common area A3 is set at
the voltage V.. The electric potential appearing in the area
A2 is an electric potential appearing on the first node ND,.
Later on, an operation is carried out to set the scan line SCL
atalow level such as —10 volts as shown in FIG. 38C in order
to put the video-signal write transistor Tg,, in a turned-off
state.

As described above, the video-signal write transistor Tg,,
having the dual-gate structure includes a parasitic capaci-
tance C,, between the area A1 and one of the gate electrode,
a parasitic capacitance C ,, between the area A2 and the other
gate electrode and gate electrode parasitic capacitances C 5
between the gate electrodes and the common area A3. Thus,
when the scan line SCL makes a transition from a high level
to a low level, electrostatic coupling due to the parasitic
capacitances C,, C,, and C ; makes an attempt to change
each of the electric potentials appearing in the areas A1, A2
and A3 to a potential on the minus side. However, the voltage
Vs from the data line DTL is then applied to the area Al. In
addition, since the capacitor C, has an electrostatic capaci-
tance sufficiently greater than the parasitic capacitances C ,,,
C, and C 5, an electric potential appearing in the area A2 is
virtually sustained at the voltage V. As described earlier,
the electric potential appearing in the area A2 is an electric
potential appearing on the first node ND,. Thus, when the
video-signal write transistor Tg,, makes a transition from a
turned-on state to a turned-off state, the electric potential
appearing in the common area A3 is changed to a potential
relatively lower than those appearing in the areas A1 and A2.
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As a result, in this state, the common area A3 serves as a
source whereas each of the areas Al and A2 functions as a
drain.

Itis to be noted that, even in the case in which the first-node
initialization transistor T, is designed as a transistor having
a dual-gate structure, the phenomenon described above
occurs. That is to say, even if the first-node initialization
transistor T,,,,, has a dual-gate structure having first and sec-
ond sub-transistors, when the first-node initialization transis-
tor T,,pp; makes a transition from a turned-on state to a turned-
off state, an electric potential appearing in a common area A3'
is changed to a potential relatively lower than those appearing
in the areas A1' and A2' where the area A1' is the source/drain
area provided on a particular side of the first sub-transistor to
serve as the particular source/drain area of the first sub-tran-
sistor, the area A2' is the source/drain area provided on the
other side of the second sub-transistor to serve as the other
source/drain area of the second sub-transistor whereas the
common area A3' is an area in which the source/drain area
provided on the other side of the first sub-transistor to serve as
the other source/drain area of the first sub-transistor overlaps
the source/drain area provided on a particular side of the
second sub-transistor to serve as the particular source/drain
area of the second sub-transistor. In this state, the common
area A3' serves as a source whereas the areas Al' and A2'
function as the drains of the first and second sub-transistors
respectively.

In general, the fact that an electric field applied to a channel
creation area of a transistor is affected by a change of an
electric potential appearing on an electrode other than the gate
electrode of the transistor is not desirable for the operation of
the driving circuit employing the transistor. For example, an
electric potential appearing on the anode electrode of the
organic EL light emitting element ELP varies in accordance
with the luminance of an image to be displayed. If the organic
EL light emitting element ELP and the driving circuit are
provided at locations close to each other, it is quite within the
bounds of possibility that variations of the electric potential
appearing on the anode electrode of the organic EL light
emitting element ELP affect an electric field applied to the
channel creation area of a transistor employed in the driving
circuit. In this case, for example, by creating a shield elec-
trode connected to the ground as an electrode for covering the
channel creation area of the transistor through an insulation
layer sandwiched by the electrode and the channel creation
area, the effect of variations of the electric potential appearing
at such an external electrode on an electric field applied to the
channel creation area of the transistor can be reduced. In the
case of a transistor having a dual-gate structure, however, ifa
shield electrode connected to the ground is merely created to
cover the channel creation areas Al, A2 and A3 of the tran-
sistor, a leak current increases, raising a problem. That is to
say, since an electric potential appearing in the area A3 of the
transistor connected to the first node ND, changes to a poten-
tial on the minus side when the transistor makes a transition
from a turned-on state to a turned-off state, the shield elec-
trode connected to the ground works as if the electrode were
a gate electrode, causing the so-called back channel effect.
Thus, the leak current increases, losing the effect of creating
the transistor connected to the first node ND, into a dual-gate
structure.

In order to solve the problems described above, inventors
of the present invention have innovated an organic EL. device
capable of effectively suppressing a leak current of a transis-
tor connected to a first node ND, of the organic EL device so
as to sustain the effect of creating the transistor into a dual-
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gate structure and innovated an organic EL display apparatus
making use of the organic EL device.

In accordance with a first or second embodiment of the
present invention, there is provided an organic EL display
apparatus employing:

(1) a scan circuit;

(2) a video-signal outputting circuit;

(3) a total of MxN organic EL devices laid out to form a
two-dimensional matrix of N aforementioned organic EL
devices arranged in a first direction and M aforementioned
organic EL devices arranged in a second direction different
from the first direction;

(4) M scan lines each connected to the scan circuit and each
stretched in the first direction;

(5) N data lines each connected to the video-signal output-
ting circuit and each stretched in the second direction; and

(6) a current supply section.

The organic EL device employed in the organic EL display
apparatus provided in accordance with the first embodiment
of the present invention as an apparatus and an organic EL
device provided in accordance with the first embodiment of
the present invention as a device each employ an organic EL
light emitting element and a driving circuit for driving the
organic EL light emitting element. In the following descrip-
tion, the organic EL device employed in the organic EL dis-
play apparatus according to the first embodiment of the
present invention and the organic EL device according to the
first embodiment of the present invention are each referred to
simply as an organic EL device according to the first embodi-
ment of the present invention. The driving circuit includes:

(A) an element driving transistor;

(B) a video-signal write transistor; and

(C) a capacitor having a pair of particular and other elec-
trodes.

With regard to the element driving transistor,

(A-1) a source/drain area provided on a particular side of
the element driving transistor to serve as a particular source/
drain area of the element driving transistor is connected to the
current supply section; and

(A-2) a source/drain area provided on the other side of the
element driving transistor to serve as another source/drain
area of the element driving transistor is connected to the
anode electrode of the organic EL light emitting element and
the particular electrode of the capacitor, forming a second
node.

In the following description, a source/drain area provided
on a particular side of any transistor to serve as a particular
source/drain area of the transistor is also referred to simply as
the particular source/drain area of the element driving tran-
sistor. By the same token, a source/drain area provided on the
other side of the transistor to serve as another source/drain
area of the transistor is also referred to simply as the other
source/drain area of the element driving transistor. In addi-
tion, the capacitor electrode connected to the anode of the
organic EL light emitting element is also referred to as the
particular electrode of the capacitor whereas the capacitor
electrode on the other side of the capacitor is also referred to
as the other electrode of the capacitor.

In addition, in the first embodiment of the present inven-
tion, there is provided an organic EL device
wherein:

the video-signal write transistor is a transistor with a dual-
gate structure including a first sub-transistor having a first
channel creation area as well as a first gate electrode and
including a second sub-transistor having a second channel
creation area as well as a second gate electrode;
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asource/drain area provided on a particular side of the first
sub-transistor to serve as a particular source/drain area of the
first sub-transistor is connected to one of the data lines;

asource/drain area provided on the other side ofthe second
sub-transistor to serve as another source/drain area of the
second sub-transistor is connected to the gate electrode of the
element driving transistor and the other electrode of the
capacitor, forming the first node:

the first gate electrode of the first sub-transistor and the
second gate electrode of the second sub-transistor are con-
nected to one of the scan lines;

the first gate electrode of the first sub-transistor faces a
particular face of the first channel creation area of the first
sub-transistor through a gate insulation layer sandwiched by
the first gate electrode and the particular face of the first
channel creation area;

the second gate electrode of the second sub-transistor faces
a particular face of the second channel creation area of the
second sub-transistor through the gate insulation layer sand-
wiched by the second gate electrode and the particular face of
the second channel creation area;

the second sub-transistor has a shield electrode facing the
other face of the second channel creation area through a shield
insulation layer sandwiched by the shield electrode and the
other face of the second channel creation area; and

the shield electrode is connected to the other source/drain
area of the second sub-transistor.

The organic EL device employed in the organic EL display
apparatus provided in accordance with the second embodi-
ment of the present invention as an apparatus and an organic
EL device provided in accordance with the second embodi-
ment of the present invention as a device each employ an
organic BL light emitting element and a driving circuit for
driving the organic EL light emitting element. In the follow-
ing description, the organic EL device employed in the
organic EL display apparatus according to the second
embodiment of the present invention and the organic EL
device according to the second embodiment of the present
invention are each referred to simply as an organic EL device
according to the second embodiment of the present invention.
The driving circuit includes:

(A) an element driving transistor;

(B) a video-signal write transistor;

(C) a capacitor having a pair of particular and other elec-
trodes; and

(D) a first-node initialization transistor.

With regard to the element driving transistor,

(A-1) a source/drain area provided on a particular side of
the element driving transistor to serve as a particular source/
drain area of the element driving transistor is connected to the
current supply section; and

(A-2) a source/drain area provided on the other side of the
element driving transistor to serve as another source/drain
area of the element driving transistor is connected to the
anode electrode of the organic EL light emitting element and
the particular electrode of the capacitor, forming a second
node;

With regard to the video-signal write transistor,

(B-1) a source/drain area provided on a particular side of
the video-signal write transistor to serve as a particular
source/drain area of the video-signal write transistor is con-
nected to one of the data lines;
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(B-2) a source/drain area provided on the other side of the
video-signal write transistor to serve as another source/drain
area of the video-signal write transistor is connected to the
gate electrode of the element driving transistor and the other
electrode of the capacitor, forming the first node; and

(B-3) the gate electrode of the video-signal write transistor
is connected to one of the scan lines.

Inaddition, in the second embodiment of the present inven-
tion, there is provided an organic EL device wherein:

the first-node initialization transistor is a transistor with a
dual-gate structure including a first sub-transistor having a
first channel creation area as well as a first gate electrode and
including a second sub-transistor having a second channel
creation area as well as a second gate electrode;

a source/drain area provided on a particular side of the first
sub-transistor to serve as a particular source/drain area of the
first sub-transistor is connected to a first-node initialization
voltage supply line;

asource/drain area provided on the other side of the second
sub-transistor to serve as another source/drain area of the
second sub-transistor is connected to the first node;

the first gate electrode of the first sub-transistor and the
second gate electrode of the second sub-transistor are con-
nected to a first-node transistor control line;

the first gate electrode of the first sub-transistor faces a
particular face of the first channel creation area of the first
sub-transistor through a gate insulation layer sandwiched by
the first gate electrode and the particular face of the first
channel creation area;

the second gate electrode of the second sub-transistor faces
a particular face of the second channel creation area of the
second sub-transistor through the gate insulation layer sand-
wiched by the second gate electrode and the particular face of
the second channel creation area;

the second sub-transistor has a shield electrode facing the
other face of the second channel creation area through a shield
insulation layer sandwiched by the shield electrode and the
other face of the second channel creation area; and

the shield electrode is connected to the other source/drain
area of the second sub-transistor.

It is to be noted that, in the organic EL device provided in
accordance with the second embodiment of the present inven-
tion as a device having the preferred configuration described
above, the video-signal write transistor, for example, can have
a single-gate structure or a dual-gate structure. If the video-
signal write transistor is a transistor having a dual-gate struc-
ture, the video-signal write transistor can be configured into
one of a plurality of configurations including the preferred
embodiments each implementing the organic EL device
according to the first embodiment of the present invention as
described earlier. Concrete configurations obtained by adding
shield electrodes to the first-node initialization transistor and
the video-signal write transistor in a variety of ways are
explained below by referring to a table. In particular, the first
combination on the top row of the table offers a merit that this
combination is capable of reducing the magnitudes of leak
currents of both the first-node initialization transistor and the
video-signal write transistor while suppressing the number of
shield electrodes provided in the organic EL device. In the
table, “o” denotes “Exists”, and “x” denotes “Does not Exist.”
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First-node initialization Video-signal write
transistor transistor
(First) Second Third Fourth (First) Second Third Fourth
shield shield shield shield shield shield shield shield
electrode  electrode electrode electrode electrode electrode electrode electrode
1 O X X X O X X X
2 O X X X O O X X
3 O X X X O X O X
4 O X X X O O O O
5 O O X X O X X X
6 O O X X O O X X
7 O O X X O X O X
8 O O X X O O O O
9 O X O X ) X X X
10 O X O X ) ) X X
11 O X O X ) X O X
12 O X O X ) ) O O
13 O O O ) ) X X X
14 O O O O ) ) X X
15 O O O O ) X O X
16 O O O O O O O O

Inthe organic EL display apparatus provided in accordance
with the first or second embodiment of the present invention
as an apparatus having a plurality of configurations including
the preferred embodiments described above or in the organic
EL device according to the first or second embodiment, a
variety of circuits such as the scan circuit and the video-signal
outputting circuit, a variety of lines including the scan and
data lines, the current supply section and the organic EL light
emitting element ELP can each be designed into a configu-
ration and/or a structure which are already generally known.
To put it more concretely, for example, the organic EL light
emitting element can be designed into a configuration includ-
ing, for example, an anode electrode, a hole transport layer, a
light emitting layer, an electron transport layer and a cathode
electrode. In the following description, the organic EL dis-
play apparatus provided in accordance with the first or second
embodiment of the present invention and the organic EL
device according to the first or second embodiment are also
referred to simply as the present invention whereas the
organic EL light emitting element is also referred to simply as
a light emitting element.

It is also possible to provide a configuration in which, in
addition to the element driving transistor and the video-signal
write transistor, the driving circuit employed in the organic
EL device according to the first embodiment of the present
invention employs other transistors. By the same token, it is
also possible to provide a configuration in which, in addition
to the element driving transistor, the video-signal write tran-
sistor and the first-node initialization transistor, the driving
circuit employed in the organic EL device according to the
second embodiment of the present invention employs other
transistors. For example, it is possible to provide each of the
organic EL devices according to the first and second embodi-
ments of the present invention with a configuration in which
a second-node initialization transistor is further provided in
each of the driving circuits as a transistor including source/
drain areas each serving as a source or a drain, a channel
creation area and a gate electrode. In this second-node initial-
ization transistor, the source/drain area provided on a particu-
lar side of the second-node initialization transistor to serve as
a particular source/drain area of the second-node initializa-
tion transistor is connected to a second-node initialization
voltage supply line, the source/drain area provided on the
other side of the second-node initialization transistor to serve
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as another source/drain area of the transistor is connected to
the second node whereas the gate electrode is connected to a
second-node initialization transistor control line. As an alter-
native, itis possible to provide each of the organic EL devices
according to the first and second embodiments of the present
invention with a configuration in which a light-emission con-
trol transistor is further provided in each of the driving cir-
cuits as a transistor including source/drain areas each serving
as a source or a drain, a channel creation area and a gate
electrode. In this alternative configuration, the source/drain
area provided on a particular side of the element driving
transistor to serve as a particular source/drain area of the
element driving transistor is connected to the current supply
section through the light-emission control transistor whereas
the gate electrode of the light-emission control transistor is
connected to a light-emission control transistor control line.
In addition, it is also possible to provide a configuration in
which the driving circuit employed in the organic EL device
according to the first embodiment of the present invention
employs a first-node initialization transistor. In this configu-
ration, the first-node initialization transistor can have a
single-gate structure or a dual-gate structure.

In general, it is possible to provide a configuration in which
the driving circuit employed in the organic EL device accord-
ing to the first embodiment of the present invention is a
driving circuit employing, for example, five transistors and
one capacitor, four transistors and one capacitor, three tran-
sistors and one capacitor or two transistors and one capacitor
in place of the configuration including only two transistors
and one capacitor as described previously. By the same token,
it is possible to provide a configuration in which the driving
circuit employed in the organic EL device according to the
second embodiment of the present invention is a driving
circuit employing, for example, five transistors and one
capacitor, four transistors and one capacitor or three transis-
tors and one capacitor in place of the configuration including
only three transistors and one capacitor as described previ-
ously.

Each of the transistors employed in the driving circuit is,
for example, a TFT (Thin Film Transistor) of an n-channel
type. In some typical driving circuits, however, the light-
emission control transistor can be a TFT (Thin Film Transis-
tor) of a p-channel type. It is possible to provide a configura-
tion in which the capacitor has an electrode on a particular
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side, another electrode on the other side as well as a dielectric
layer sandwiched by the electrode on the particular side and
the electrode on the other side. The particular and other elec-
trodes mentioned so far are respectively the electrodes on the
particular and other sides of the capacitor. The transistors and
the capacitor, which are employed in the driving circuit, are
created on a certain plain such as a support body. On the other
hand, the organic EL light emitting element is created over the
transistors and the capacitor, which are employed in the driv-
ing circuit, being separated from the transistors and the
capacitor by an inter-layer insulation layer sandwiched by the
organic EL light emitting element on one side and the tran-
sistors as well as the capacitor on the other side. A source/
drain area provided on the other side of the element driving
transistor to serve as the other source/drain area of the ele-
ment driving transistor is connected to the anode electrode of
the organic EL light emitting element through a contact hole,
for example. In addition, it is also possible to provide a
configuration in which the transistors are created on a semi-
conductor substrate or the like.

In the organic EL device according to the first embodiment
of the present invention, the second sub-transistor of the
video-signal write transistor employed in driving circuit of
the organic EL device as a transistor with a dual-gate structure
has a shield electrode facing the other face of the second
channel creation area of the second sub-transistor through a
shield insulation layer sandwiched by the shield electrode and
the other face of the second channel creation area. The shield
electrode is connected to the source/drain area provided on
the other side of the second sub-transistor to serve as the other
source/drain area of the second sub-transistor and as the first
node. As described above, when the video-signal write tran-
sistor makes a transition from a turned-on state to a turned-off
state, the common area becomes the source of the second
sub-transistor whereas the other source/drain area of the sec-
ond sub-transistor becomes the drain of the second sub-tran-
sistor. The shield electrode covers the drain-area side of the
second channel creation area and, in this state, the electric
potential appearing on the shield electrode is higher than an
electric potential appearing in the common area. Thus, the
shield electrode attracts electrons serving as carriers on the
second channel creation area. As a result, a depletion layer is
generated on the common-area side of the second channel
creation area so that the magnitude of a leak current flowing
between the second channel creation area and the common
area decreases. The shape of the shield electrode can be
properly set in accordance with the design specifications of
the organic EL device. It is to be noted that the shapes of the
second to fourth shield electrodes employed in the organic EL
device according to the first embodiment of the present inven-
tion can also be properly set in accordance with the design
specifications of the organic EL device.

In the organic EL device according to the second embodi-
ment of the present invention, the second sub-transistor of the
first-node initialization transistor employed in the driving
circuit of the organic EL device as a transistor with a dual-gate
structure has a shield electrode facing the other face of the
second channel creation area of the second sub-transistor
through a shield insulation layer sandwiched by the shield
electrode and the other face of the second channel creation
area. As described earlier, a source/drain area provided on the
other side of the first-node initialization transistor to serve as
the other source/drain area of the first-node initialization tran-
sistor is connected to the first node, virtually forming the first
node. The shield electrode is virtually connected to the first
node, which is the source/drain area provided on the other
side of the second sub-transistor to serve as the other source/
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drain area of the second sub-transistor. Also when the first-
node initialization transistor makes a transition from a turned-
on state to a turned-off state, a phenomenon occurs. This
phenomenon is the same as the phenomenon described above
as the phenomenon of the video-signal write transistor of the
organic EL device according to the first embodiment of the
present invention. As a result, a depletion layer is generated
on the common-area side of the second channel creation area
so that the magnitude of a leak current between the second
channel creation area and the common area decreases. The
shape ofthe shield electrode can be properly set in accordance
with the design specifications of the organic EL device. Itis to
be noted that the shapes of the second to fourth shield elec-
trodes employed in the organic EL device according to the
second embodiment ofthe present invention can also be prop-
erly set in accordance with the design specifications of the
organic EL device.

The organic electro luminescence display apparatus also
referred to hereafter simply as an organic EL display appara-
tus employs, for example, (N/3)xM pixels arranged to form a
two-dimensional (N/3)-columnxM-row matrix. Each of the
pixels is composed of, for example, three sub-pixels which
are a red light emitting sub-pixel for generating red-color
light, a green light emitting sub-pixel for generating green-
color light and a blue light emitting sub-pixel for generating
blue-color light. Thus, each column of pixels consists of three
columns of sub-pixels. That is to say, the number of pixel
columns in the matrix is N/3 whereas the number of sub-pixel
columns in the matrix is N. Each of the sub-pixels is the
organic EL device described so far. However, implementa-
tions of the organic EL display apparatus are by no means
limited to this configuration. For example, the organic EL
display apparatus can also be configured to function as the
so-called monochrome display apparatus.

The organic EL devices each serving as a sub-pixel as
described above is driven by, for example, adoption of a
line-to-line sequential technique. As described earlier, the
organic electro luminescence device is also referred to simply
as an organic EL device. In this case, the display frame rate is
set at FR (times per second). In accordance with this line-to-
line sequential technique, N/3 pixels or N sub-pixels arranged
on an mth row, where m=1, 2, 3 .. . or M and notation M
denotes the number of rows in the matrix, can be driven at the
same time. To put it more concretely, the organic EL devices
each serving as a sub-pixel are driven simultaneously. In other
words, the timing to drive organic EL devices arranged on the
same row is controlled by handling the organic EL devices as
one unit or the timings to drive all drive organic EL devices
are controlled in row units. It is to be noted, however, that
methods to drive organic EL devices are by no means limited
to this line-to-line sequential technique.

It is also worth noting that a process to write video signals
into pixels arranged on a row in processing based on the
line-to-line sequential technique can be a process to write
video signals into all pixels at the same time or a process to
sequentially write a video signal into each of individual pix-
els. In the following description, the process to write video
signals into all pixels at the same time may also be referred to
simply as a simultaneous signal write process whereas the
process to sequentially write a video signal into each of indi-
vidual pixels may also be referred to simply as a sequential
signal write process. The simultaneous or sequential signal
write process is properly selected in accordance with the
configuration of the driving circuit.

As arule, the following description explains the process to
drive an organic EL device provided at the intersection of an
mth row and an nth column where n=1, 2,3 ... or N whereas
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notation N denotes the number of sub-pixel columns in the
matrix. In the following description, an organic EL device
provided at the intersection of an mth row and an nth column
is an (n, m)th organic EL device or an (n, m)thsub-pixel. Prior
to the end of a horizontal scan period to scan organic EL
devices arranged on an mth row, a variety of processes such as
athreshold-voltage cancel process, a signal write process and
amobility correction process, which are to be described later,
are completed. In the following description, the horizontal
scan period to scan organic EL devices arranged on an mth
row is referred to as an mth horizontal scan period. It is to be
noted that the signal write process and the mobility correction
process need to be carried out within the mth horizontal scan
period. Depending on the type of the driving circuit, on the
other hand, the threshold-voltage cancel process and pre-
processing accompanying the threshold-voltage cancel pro-
cess can be carried out prior to the mth horizontal scan period.

Then, after the various processes described above have all
been completed, the organic EL light emitting element
employed in each of the organic EL devices arranged on an
mth row is driven to emit light. It is to be noted that, after the
various processes described above have all been completed,
the organic EL light emitting element employed ineach of the
organic EL devices arranged on an mth row can be driven to
emit light immediately or the organic EL light emitting ele-
ment employed in each of the organic EL devices arranged on
an mth row can be driven to emit light upon the lapse of a
predetermined period of time. For example, the predeter-
mined period of time is a horizontal scan period to scan a
predetermined number of rows. The predetermined period of
time can be set at a proper value in accordance with the design
specifications of the organic EL display apparatus and/or the
configuration of the driving circuit employed in each organic
EL device of the organic EL display apparatus. It is to be
noted that, in the following description, in order to make the
explanation simple, after the various processes described
above have all been completed, the organic EL light emitting
element employed in each of the organic EL devices arranged
on an mth row is assumed to be driven to emit light immedi-
ately. Then, itis assumed that the light emission of the organic
EL light emitting element employed in each of the organic EL
devices arranged on an mth row continues to a point of time
immediately before the start of a horizontal scan period to
scan organic EL devices arranged on an (m+m')th row where
notation m' denotes an integer determined in accordance with
the design specifications of the organic EL display apparatus.
That is to say, it is assumed that the light emission of the
organic EL light emitting element employed in each of the
organic EL, devices arranged on an mth row on a certain
display frame continues to a horizontal scan period to scan
organic EL devices arranged on an (m+m'-1)th row on the
same display frame. From the horizontal scan period to scan
organic EL devices arranged on the (m+m')th row on the
certain display frame to the completions of the signal write
process and the mobility correction process in the horizontal
scan period to scan organic EL devices arranged on the mth
row on the next display frame, on the other hand, as arule, the
organic EL light emitting element employed in each of the
organic EL devices arranged on the mth row sustains a state of
emitting no light. In the following description, the period of
the state of emitting no light 1s also referred to simply as a
no-light emission period. By providing such a no-light emis-
sion period, the degree of residual-image fading caused by an
active matrix driving technique can be lowered and the qual-
ity of the moving image can be made more excellent. It is to
be noted, however, that the light emission and no-light emis-
sion states of each organic EL device serving as a sub-pixel
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are by no means limited to the states sustained during the
periods described above. In addition, the length of the hori-
zontal scan period is smaller than (1/FR)x(1/M) seconds.
Thus, if the value of (m+m") exceeds M, an excessive part of
the horizontal scan period is processed in the next display
frame.

With regard to two source/drain areas of a transistor, a
phrase stating: “a source/drain area provided on a particular
side of the transistor to serve as the particular source/drain
area of the transistor” may be used in some cases to imply the
source/drain area connected to a power supply section. In
addition, a phrase stating that a transistor is put in a turned-on
state is used to mean a state in which a channel has been
created in a channel creation area between the source and
drain of the transistor. No attempt is made to set up any
distinction as to whether a current is flowing from a source/
drain area provided on a particular side of a transistor to serve
as the particular source/drain area of the transistor to a source/
drain area provided on the other side of the transistor to serve
as the other source/drain area of the transistor or vice versa in
a turned-on state of the transistor. On the other hand, a phrase
stating that a transistor is put in a turned-off state is used to
mean a state in which no channel has been created in a
channel creation area between the source and drain of the
transistor. In addition, a phrase stating that the particular
source/drain area of a specific transistor is connected to the
other source/drain area of another transistor is used to imply
that the particular source/drain area of the specific transistor
occupies the same area as the other source/drain area of the
other transistor. In the following description, this same area is
referred to as a common source/drain area or simply a com-
mon area. Furthermore, it is possible to make a source/drain
area as well as a common area not only from a conductive
material such as polysilicon or amorphous silicon, but also
from a metal, an alloy, a structure of stacked layers of the
metal and the alloy or an organic material (or a conductive
polymer). In this case, the polysilicon or the amorphous sili-
con includes impurities. In addition, in timing charts used in
the following description, a length quantity on the horizontal
axis representing the lapse of time is merely a model. That is
to say, the length of a lapse of time along the horizontal axis
is not an absolute values and should thus be interpreted as a
relative value.

As described above, in the organic EL device according to
the first embodiment of the present invention, the second
sub-transistor of the video-signal write transistor employed in
the driving circuit of the organic EL device as a transistor with
a dual-gate structure has a shield electrode facing the other
face of the second channel creation area of the second sub-
transistor through a shield insulation layer sandwiched by the
shield electrode and the other face of the second channel
creation area. The shield electrode is connected to the first
node, which is a source/drain area provided on the other side
of the second sub-transistor to serve as the other source/drain
area of the second sub-transistor. Also as explained previ-
ously, when the video-signal write transistor makes a transi-
tion from a turned-on state to a turned-off state, a depletion
layer is generated on the common-area side of the second
channel creation area so that the magnitude of a leak current
between the second channel creation area and the common
area decreases. Thus, electric-potential variations appearing
on the first node as the variations of the amount of electric
charge accumulated in the capacitor can be effectively sup-
pressed. As aresult, it is possible to improve the uniformity of
the luminance of the organic EL display apparatus.

In addition, also as described above, in the organic EL
device according to the second embodiment of the present
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invention, the second sub-transistor of the first-node initial-
ization transistor employed in the driving circuit of the
organic EL device as a transistor with a dual-gate structure
has a shield electrode facing the other face of the second
channel creation area of the second sub-transistor through a
shield insulation layer sandwiched by the shield electrode and
the other face of the second channel creation area. The shield
electrode is virtually connected to the first node, which is a
source/drain area provided on the other side of the second
sub-transistor to serve as the other source/drain area of the
second sub-transistor. Also as explained previously, when the
first-node initialization transistor makes a transition from a
turned-on state to a turned-off state, a depletion layer is gen-
erated on the common-area side of the second channel cre-
ation area so that the magnitude of a leak current between the
second channel creation area and the common area decreases.
Thus, electric-potential variations appearing on the first node
as the variations of the amount of electric charge accumulated
in the capacitor can be effectively suppressed. As a result, it is
possible to improve the uniformity of the luminance of the
organic EL display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an equivalent circuit of a
driving circuit employed in an organic EL device according to
a first embodiment;

FIG. 2 is a conceptual diagram showing an organic EL
display apparatus according to the first embodiment;

FIG. 3 is a diagram showing a model representing a partial
cross section of a portion of the organic EL device according
to the first embodiment;

FIG. 4 shows a model of timing charts of the driving circuit
employed in the organic EL device according to the first
embodiment;

FIGS. 5A to 5D are diagrams each showing a model of the
organic EL device according to the first embodiment as a
model representing turned-on and turned-off states of tran-
sistors employed in the driving circuit of the organic EL
device according to the first embodiment;

Serving as a continuation of FIG. 5D, FIGS. 6A to 6E are
diagrams each showing a model of the organic EL device
according to the first embodiment as a model representing
turned-on and turned-off states of the transistors employed in
the driving circuit of the organic EL device according to the
first embodiment;

FIG. 7A is a diagram showing a model of states developed
in vicinities of a second channel creation area when a video-
signal write transistor T, _1is put in a turned-off state during
the period TP(5)-;

FIG. 7B is a diagram showing a model of a change caused
by adding the shield electrode as a typical change of a current-
voltage characteristic;

FIG. 8 is a diagram showing an equivalent circuit of a
driving circuit employed in an organic EL device according to
a second embodiment;

FIG. 9A is a diagram showing a model representing a
partial cross section of a portion of the organic EL device
according to the second embodiment;

Serving as a figure corresponding to FIG. 7A, FIG.9Bis a
diagram showing a model of states developed in vicinities of
the second channel creation area when the video-signal write
transistor T, in the second embodiment is put in a turned-off
state during a period TP(5),;

FIG. 10A is a diagram showing an equivalent circuit of a
driving circuit employed in the organic EL device according
to the third embodiment;
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FIG. 10B is a diagram showing a model representing a
partial cross section of a portion of the organic EL device
according to the third embodiment;

FIG. 11A is a diagram showing an equivalent circuit of a
driving circuit employed in the organic EL device according
to the fourth embodiment;

FIG. 11B is a diagram showing a model representing a
partial cross section of a portion of the organic EL device
according to the fourth embodiment;

FIG. 12A is a diagram showing an equivalent circuit of a
driving circuit employed in the organic EL device according
to the fifth embodiment;

FIG. 12B is a diagram showing a model representing a
partial cross section of a portion of the organic EL device
according to the fifth embodiment;

FIG. 13A is a diagram showing an equivalent circuit of a
driving circuit employed in the organic EL device according
to the sixth embodiment;

FIG. 13B is a diagram showing a model representing a
partial cross section of a portion of the organic EL device
according to the sixth embodiment;

FIG. 14A is a diagram showing an equivalent circuit of a
driving circuit employed in the organic EL device according
to the seventh embodiment;

FIG. 14B is a diagram showing a model representing a
partial cross section of a portion of the organic EL device
according to the seventh embodiment;

FIG. 15A is a diagram showing an equivalent circuit of a
driving circuit employed in the organic EL device according
to the eighth embodiment;

FIG. 15B is a diagram showing a model representing a
partial cross section of a portion of the organic EL device
according to the eighth embodiment;

FIG. 16 is a diagram showing an equivalent circuit of a first
modified version implementing the basic configuration of a
4Tr/1C driving circuit employed in an organic EL device
according to a ninth embodiment;

FIG. 17 is a conceptual diagram showing an organic EL
display apparatus employing the organic EL device having
the 4Tr/1C driving circuit;

FIG. 18 shows a model of timing charts of the 4Tr/1C
driving circuit which basically employs four transistors and
one capacitor;

FIGS. 19A to 19D are diagrams each showing a model of
the organic EL device employing the 4Tr/1C driving circuit as
a model representing turned-on and turned-off states of the
transistors employed in the 4Tr/1C driving circuit;

Serving as a continuation of FIG. 19D, FIGS. 20A to 20D
are diagrams each showing a model of the organic EL device
employing the 4Tt/1C driving circuit as a model representing
turned-on and turned-off states of transistors employed in the
4Tr/1C driving circuit;

FIG. 21 is a diagram showing an equivalent circuit of a
second modified version implementing the basic configura-
tion of a 3Tr/1C driving circuit employed in an organic EL
device according to the ninth embodiment;

FIG. 22 is a conceptual diagram showing an organic EL
display apparatus employing the organic EL device having
the 3Tr/1C driving circuit;

FIG. 23 shows a model of timing charts of the 3Tt/1C
driving circuit which basically employs three transistors and
one capacitor;

FIGS. 24A to 24D are diagrams each showing a model of
the organic EL device employing the 3Tr/1C driving circuit as
a model representing turned-on and turned-off states of the
transistors employed in the 3Tr/1C driving circuit;
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Serving as a continuation of FIG. 24D, FIGS. 25A to 25E
are diagrams each showing a model of the organic EL. device
employing the 3Tt/1C driving circuit as a model representing
turned-on and turned-off states of transistors employed in the
3Tr/1C driving circuit;

FIG. 26 is a diagram showing an equivalent circuit of a
third modified version implementing the basic configuration
of a 2Tr/1C driving circuit employed in an organic EL device
according to the ninth embodiment;

FIG. 27 is a conceptual diagram showing an organic EL
display apparatus employing the organic EL device having
the 2Tr/1C driving circuit;

FIG. 28 shows a model of timing charts of the 2Tr/1C
driving circuit which basically employs two transistors and
one capacitor;

FIGS. 29A to 29F are diagrams each showing a model of
the organic EL device employing the 2Tr/1C driving circuit as
a model representing turned-on and turned-off states of the
transistors employed in the 2Tr/1C driving circuit;

FIG. 30 shows a model representing timing charts of the
2Tr/1C driving circuit as timing charts other than those shown
in FIG. 28;

FIG. 31 is a diagram showing an equivalent circuit of a
second 3Tr/1C driving circuit employed in an organic EL
device according to a tenth embodiment;

FIG. 32 is a conceptual diagram showing an organic EL
display apparatus employing the organic EL device having
the second 3Tr/1C driving circuit;

FIG. 33 shows a model of timing charts of the second
3Tr/1C driving circuit which basically employs three transis-
tors and one capacitor;

FIGS. 34A to 34D are diagrams each showing a model of
the organic EL device employing the second 3Tr/1C driving
circuit as a model representing turned-on and turned-off
states of the transistors employed in the second 3Tt/1C driv-
ing circuit;

Serving as a continuation of FIG. 34D, FIGS. 35A to 35C
are diagrams each showing a model of the organic EL device
employing the second 3Tr/1C driving circuit as a model rep-
resenting turned-on and turned-off states of transistors
employed in the second 3Tr/1C driving circuit;

FIG. 36 is a diagram showing an equivalent circuit of a
5Tr/1C driving circuit employed in an organic EL device;

FIG. 37 1s a diagram showing a typical equivalent circuit of
the above 5Tt/1C driving circuit in which a video-signal write
transistor T, is designed into a dual-gate structure; and

FIGS. 38A to 38C are diagrams each showing a more
detailed configuration of the above 5Tt/1C driving circuit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention are explained by
referring to diagrams as follows. The first to fourth embodi-
ments and the ninth embodiment relate to an organic EL
display apparatus according to a first embodiment of the
present invention as well as an organic EL device 10
employed in the organic EL display apparatus as an organic
EL device 10 according to the first embodiment of the present
invention. On the other hand, the fifth to eighth embodiments
and the tenth embodiment relate to an organic EL display
apparatus according to a second embodiment of the present
invention as well as an organic EL device 10 employed in the
organic EL display apparatus as an organic EL, device 10
according to the second embodiment of the present invention.

To put it more concretely, in accordance with the first
embodiment, the video-signal write transistor is provided
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with a first shield electrode. In accordance with the second
embodiment, the video-signal write transistor is provided
with the first shied electrode as well as a second shield elec-
trode. In accordance with the third embodiment, the video-
signal write transistor is provided with the first shied elec-
trode as well as a third shield electrode. In accordance with
the fourth embodiment, the video-signal write transistor is
provided with the first to third shied electrodes as well as a
fourth shield electrode. The ninth embodiment represents first
to third modified versions each having fewer transistors than
the driving circuits according to the first to fourth embodi-
ments.

In addition, in accordance with the fifth embodiment, the
first-node initialization transistor is provided with a first
shield electrode. In accordance with the sixth embodiment,
the first-node initialization transistor is provided with the first
shied electrode as well as a second shield electrode. In accor-
dance with the seventh embodiment, the first-node initializa-
tion transistor is provided with the first shied electrode as well
as a third shield electrode. In accordance with the eighth
embodiment, the first-node initialization transistor is pro-
vided with the first to third shied electrodes as well as a fourth
shield electrode. The tenth embodiment represents modified
versions each having fewer transistors than the driving cir-
cuits according to the fifth to eighth embodiments.

First Embodiment

The first embodiment as well as the second to fourth
embodiments and the ninth embodiment relate to an organic
EL display apparatus according to the first embodiment ofthe
present invention as well as an organic EL device 10 accord-
ing to the first embodiment of the present invention. The
second to fourth embodiments and the ninth embodiment will
be described later. It is to be noted that, in order to make the
driving circuits according to the first embodiment and the
second to fourth embodiments easy to compare with the driv-
ing circuits based on the technologies described earlier as the
technologies ofthe art related to the present invention, each of
the first embodiment and the second to fourth embodiments is
explained by assuming that each of the driving circuits
according to the first embodiment and the second to fourth
embodiments employs five transistors and one capacitor.

FIG. 1 is a diagram showing an equivalent circuit of a
driving circuit employed in an organic EL device 10 accord-
ing to the first embodiment whereas FIG. 2 is a conceptual
diagram showing an organic EL display apparatus according
to the first embodiment. FIG. 3 is a diagram showing a model
representing a partial cross section of a portion of the organic
EL device 10 according to the first embodiment whereas FIG.
4 shows timing charts of the driving circuit. Each of FIGS. 5A
to 3D and FIGS. 6A to 6E shows a model of turned-on and
turned-off states of transistors employed in the driving circuit.
It is to be noted that, in FIGS. 5A to 5D and FIGS. 6A to 6E,
for the sake of convenience, all transistors except an element
driving transistor are each shown as a single switch without
regard to whether each of the transistors is designed as a
transistor having a single-gate structure or a dual-gate struc-
ture.

First of all, the organic EL display apparatus according to
the first embodiment is explained. As shown in FIG. 2, the
organic EL display apparatus according to the first embodi-
ment employs:

(1) a scan circuit 101,

(2) a video-signal outputting circuit 102;

(3) MxN organic EL devices 10 laid out to form a two-
dimensional matrix of N aforementioned organic EL devices
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10 arranged in a first direction and M aforementioned organic
EL devices 10 arranged in a second direction different from
the first direction;

(4) M scanlines SCL each connected to the scan circuit 101
and each stretched in the first direction;

(5) N data lines DTL each connected to the video-signal
outputting circuit 102 and each stretched in the second direc-
tion; and

(6) a current supply section 100.

The organic EL display apparatus employed in each of the
second to tenth embodiments to be described later has a
configuration identical with the configuration of the organic
EL display apparatus explained above as the organic EL
display apparatus according to the first embodiment.

The organic EL display apparatus shown in each of FIG. 2
as well as FIGS. 17, 22, 27 and 32 to be described later
employs 3x3 aforementioned organic EL devices 10. It is to
be noted, however, that the number of aforementioned
organic EL. devices 10 in these figures is a typical number to
the bitter end.

Each of the organic EL devices 10 employs an organic EL
light emitting element ELP and a driving circuit for driving
the organic EL light emitting element ELP. The light emitting
element ELP can be designed into a configuration and/or a
structure which are already generally known. To put it more
concretely, for example, the organic EL light emitting ele-
ment ELP can be designed into a configuration including, for
example, an anode electrode, a hole transport layer, a light
emitting layer, an electron transport layer and a cathode elec-
trode. In addition, the configuration and structure of each of
the scan circuit 101, the video-signal outputting circuit 102,
the scan line SCL, the data line DTL and the current supply
section 100 can be designed into respectively a configuration
and/or a structure which are already generally known. An
organic EL device according to each of the second to tenth
embodiments to be described later has a configuration iden-
tical with the configuration of the organic EL device accord-
ing to the first embodiment. In addition, an organic EL light
emitting element ELP employed in an organic EL. device
according to each of the second to tenth embodiments to be
described later has a configuration identical with the configu-
ration of the organic EL light emitting element ELP employed
in the organic EL device according to the first embodiment.

The driving circuit shown in FIG. 1 as a driving circuit
according to the first embodiment has a configuration includ-
ing five transistors and one capacitor much like the driving
circuits based on the technologies described earlier as the
technologies of the art related to the present invention. To put
it more concretely, as shown in FIG. 1, the driving circuit
according to the first embodiment employs:

(A) an element driving transistor Tp,,.;

(B) a video-signal write transistor Tg,,; and

(C) a capacitor C, having a pair of particular and other
electrodes.

In addition, the driving circuit according to the first
embodiment also includes:

(D) a first-node initialization transistor Ty, ;

(E) a second-node initialization transistor Ty,,,; and

(F) a light-emission control transistor T; .

A driving circuit employed in an organic EL device accord-
ing to each of the second to eighth embodiments to be
described later has a configuration identical with the configu-
ration of the driving circuit employed in the organic EL
device according to the first embodiment.

Each of the element driving transistor Tj,,,, the video-
signal write transistor Ty, the first-node initialization tran-
sistor T,p,, the second-node initialization transistor Ty,
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and the light-emission control transistor T, is an n-chan-
nel TFT having source/drain areas, a channel creation area
and a gate electrode. Every transistor employed in an organic
EL device according to each of the second to tenth embodi-
ments to be described later has a configuration identical with
the configuration of every transistor employed in the organic
EL device according to the first embodiment. It is to be noted
that, for example, the light-emission control transistor T,
can also be designed as a TFT of a p-channel type. B

In the element driving transistor T, ,;

(A-1) a source/drain area provided on a particular side of
the element driving transistor T, , to serve as the particular
source/drain area of the element driving transistor T, is
connected to the current supply section 100; and

(A-2) a source/drain area provided on the other side of the
element driving transistor T, to serve as the other source/
drain area of the element driving transistor T, ,, is connected
to the anode electrode of the organic EL light emitting ele-
ment ELP and the particular electrode of the capacitor C,,
forming a second node ND,. An element driving transistor
Tp,, employed in an organic EL device according to each of
the second to tenth embodiments to be described later is
connected to other components in the same way as the ele-
ment driving transistor T, employed in the organic EL
device according to the first embodiment.

In the light emission state of the organic EL device 10, the
element driving transistor T ,,,, is driven to flow a drain cur-
rent I ,; according Eq. (1) given below. In the light emission
state of the organic EL device 10, the particular source/drain
area of the element driving transistor T ,,, functions as a drain
whereas the other source/drain area of the element driving
transistor T, functions as a source. Thus, in order to make
the explanation simple, in the following description, the par-
ticular source/drain area of the element driving transistor T 5,,,,
is also referred to simply as the drain of the element driving
transistor T, whereas the other source/drain area of the
element driving transistor T, is also referred to simply as
the source of the element driving transistor T, ,. Notations
used in Eq. (1) are explained as follows:

w: effective mobility

L: channel length

W: channel width

V- difference in electric potential between the gate elec-
trode and the source area

V ;. threshold voltage

Cox: (specific permittivity of the gate insulation layer)*
(permittivity of the vacuum)/(thickness of the gate insulation
layer)

k=(Vay (WILY* Cox
The above description of the notations also holds true of the
second to tenth embodiments to be described later.

L=kt u* (V= V) M

The drain current I, flows through an organic EL light
emitting element ELP employed in the organic EL device 10,
causing the organic EL light emitting element ELP to emit
light. In addition, the magnitude of the drain current I ;, con-
trols the light emission state of the organic EL light emitting
element ELP employed in the organic EL device 10. The light
emission state of the organic EL light emitting element ELP
employed in the organic EL device 10 is also referred to as the
luminance of the organic EL light emitting element ELP. A
drain current I in the second to tenth embodiments to be
described later plays the same role as the drain current I, in
the first embodiment.
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As shown in FIG. 3, the transistors and a capacitor C,
which compose the driving circuit in the first embodiment are
created on a support body 20 whereas the organic EL light
emitting element ELP is created over the transistors and the
capacitor C,, which are employed in the driving circuit, being
separated from the transistors and the capacitor C, by an
inter-layer insulation layer 46 or the like. With regard to the
creation of the transistors, the capacitor C, and the organic EL
light emitting element ELP, the second to fourth embodi-
ments and the ninth embodiment, which are to be described
later, are the same as the first embodiment. It is to be noted
that each of the cross section of FIG. 3 as well as cross
sections of FIGS. 9A, 10B and 11B to be described later
shows only the video-signal write transistor Tg,,. This is
because the transistors other than the video-signal write tran-
sistor T, are provided at hidden locations so that these other
transistors are invisible.

In the first embodiment, the video-signal write transistor
Ts,, has a semiconductor layer 33, source/drain areas on the
semiconductor layer 33 and a channel creation area between
the source/drain areas. As shown in FIGS. 1 and 3, in the first
embodiment, the video-signal write transistor T, has a dual-
gate structure having a first sub-transistor Ty, , including a
first gate electrode 31A, a source/drain area 35A as well as a
first channel creation area 34A and having a second sub-
transistor Tg;, 5 including a second gate electrode 31B, a
second source/drain area 35B as well as a second channel
creation area 34B. A video-signal write transistor Ty,
employed in each of the second, third, fourth and ninth
embodiments to be described later has the same configuration
as the video-signal write transistor T, explained above as a
transistor for the first embodiment.

Each of the source/drain area 35A, the second source/drain
area 35B and a common source/drain area 35C, which are
shown in FIG. 3, is created on the semiconductor layer 33.
The common source/drain area 35C is an area in which the
other source/drain area of the first sub-transistor Tg;, ; and
the particular source/drain area of the second sub-transistor
T, - overlap each other. The first (particular) source/drain
area 35A of the first sub-transistor Ty, | is connected to a
data line DTL which corresponds to a wire 38 shown in FIG.
3. The second (other) source/drain area 35B of the second
sub-transistor T, , is connected to the gate electrode of the
element driving transistor T, and the other electrode 36 of
the capacitor C,, forming the first node ND,. The first gate
electrode 31A of the first sub-transistor Tg,, , and the second
gate electrode 31B of the second sub-transistor Ty, , are
connected to a scan line SCL. The first gate electrode 31A of
the first sub-transistor T, , faces a particular face of the first
channel creation area 34A of the first sub-transistor Ty, ,
through a gate insulation layer 32 sandwiched by the first gate
electrode 31A and the particular face of the first channel
creation area 34A. The second gate electrode 31B of the
second sub-transistor Ty, , faces a particular face of the
second channel creation area 34B of the second sub-transistor
Ts,, - through the gate insulation layer 32 sandwiched by the
second gate electrode 31B and the particular face of the
second channel creation area 34B. A video-signal write tran-
sistor Tg;, is connected to other components in each of the
second, third, fourth and ninth embodiments to be described
later in the same way as the video-signal write transistor Ty,
explained above as a transistor for the first embodiment.

In addition, the second sub-transistor T, , has a shield
electrode 42 facing the other face of the second channel
creation area 34B of the second sub-transistor Ty, , through
a shield insulation layer 40 sandwiched by the shield elec-
trode 42 and the other face of the second channel creation area
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34B. The shield electrode 42 is connected to the other source/
drain area 35B of the second sub-transistor Tg,, ,. To put it
more concretely, in the first embodiment, an extension from a
line 41 connected to the other source/drain area 35B of the
second sub-transistor T, , forms the shield electrode 42.
The above description for the first embodiment also holds true
of the second, third, fourth and ninth embodiments to be
described later.

It is to be noted that each of the other transistors also has a
configuration including a semiconductor layer, a gate insula-
tion film and a gate electrode in the same way as what is
described above. In addition, each of the other transistors in
the second, third, fourth and ninth embodiments to be
described later has the same configuration as each of the other
transistors in the first embodiment.

The capacitor C, has a dielectric layer composed of an
extension of the gate insulation layer 32, the so-called other
electrode 36 and the so-called particular electrode 37 which
corresponds to the second node ND,. The first gate electrode
31A, the second gate electrode 31B, a portion of the gate
insulation layer 32 and the other electrode 36 are created on
the support body 20. As described above, the first (particular)
source/drain area 35A of the first sub-transistor T, ,,of the
video-signal write transistor Ty, is connected to the wire 38
whereas the second (other) source/drain area 35B of the sec-
ond sub-transistor T, , of the video-signal write transistor
Ty, is connected to the other electrode 36. The video-signal
write transistor T, the capacitor C; and other components
are covered by a inter-layer insulation layer 46 and, on the
inter-layer insulation layer 46, the organic EL light emitting
element ELP is created. Also as explained above, the organic
EL light emitting element ELP has an anode electrode 51, a
hole transport layer, a light emitting layer, an electron trans-
port layer and a cathode electrode 53. It is to be noted that, in
the figure, the hole transport layer, the light emitting layer and
the electron transport layer are represented by a first layer 52.
On a portion included in the inter-layer insulation layer 46 as
a portion with no light emitting element ELP, a second inter-
layer insulation layer 54 is provided. A transparent substrate
21 is provided on the second inter-layer insulation layer 54
and the cathode electrode 53. A light beam generated by the
light emitting layer is output to the external space through the
substrate 21. It is to be noted that the particular electrode 37 of
the capacitor C, and the anode electrode 51 of the organic EL
light emitting element ELP are connected to each other by a
contact hole created by boring the inter-layer insulation layer
46. In addition, the cathode electrode 53 of the organic EL
light emitting element ELP is connected to a wire 39 by
contact holes 56 and 55 created by boring the second inter-
layer insulation layer 54 and the inter-layer insulation layer
46 respectively. The wire 39 is a line provided on an extension
of the gate insulation layer 32. The above description also
holds true of the second to tenth embodiments to be described
later.

The transistors, the capacitor C,, a variety of wires includ-
ing the wire 38, a variety of electrodes including the shield
electrode 42 and other components can be created by adopt-
ing a variety of generally known methods. Transistors, a
capacitor C,, a variety of wires including a wire 38, a variety
of electrodes including a shield electrode 42 and other com-
ponents in the second to tenth embodiments to be described
later can be created by adopting a variety of generally known
methods identical with those of the first embodiment.

As described above, the first (particular) source/drain area
35A serving as the particular source/drain area 35A of the first
sub-transistor T, , employed in the video-signal write tran-
sistor T, is connected to a data line DTL. The video-signal
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outputting circuit 102 supplies a voltage Vg, for controlling
the luminance of the organic EL light emitting element ELP
to the first (particular) source/drain area 35A through the data
line DTL. It is to be noted that the data line DTL can also be
used for supplying a variety of signals and voltages other than
the voltage V g, to the first (particular) source/drain area 35A.
The signals and voltages other than the voltage V. include a
signal for pre-charge driving and a reference voltage. In addi-
tion, operations to turn on and off the video-signal write
transistor Tg;, are controlled by a signal appearing on a scan
line SCL connected to the gate electrodes 31 A and 31B of the
video-signal write transistor T,,. The above description also
holds true of the second, third, fourth and ninth embodiments
to be described later. In addition, except that the video-signal
write transistor T, has a single-gate electrode configuration,
the above description also holds true of the fifth, sixth, sev-
enth, eighth and tenth embodiments to be described later.

The particular source/drain area of the first-node initializa-
tion transistor Ty, is connected to a first-node initialization
voltage supply line PS,,;,, whereas the other source/drain area
of the first-node initialization transistor T ,,, is connected to
the first node ND,. The gate electrode of the first-node ini-
tialization transistor T, is connected to a first-node initial-
ization transistor control line AZ,,,, which is connected to a
first-node initialization transistor control circuit 104. The
connections of the first-node initialization transistor T, to
other components in the second to fourth embodiments to be
described later are the same as the connections of the first-
node initialization transistor Tz, to other components in the
first embodiment described above.

Operations to turn on and off the first-node initialization
transistor Ty, are controlled by a signal appearing on the
first-node initialization transistor control line AZ,,.,, con-
nected to the gate electrode of the first-node initialization
transistor Ty, . A voltage V- for initializing the first node
ND, is asserted on the first-node initialization voltage supply
line PS5, This description also holds true of the second to
fourth embodiments to be described later.

The particular source/drain area of the second-node initial-
ization transistor T,,, 18 connected to a second-node initial-
ization voltage supply line PS,,,, whereas the other source/
drain area of the second-node initialization transistor T, 18
connected to the second node ND,. The gate electrode of the
second-node initialization transistor Ty, is connected to a
second-node initialization transistor control line AZ,;,
which is connected to a second-node initialization transistor
control circuit 105. The connections of the second-node ini-
tialization transistor T, to other components in the second
to eighth embodiments to be described later, in a 4Tr/1C
driving circuit serving as a first modified version of the driv-
ing circuit in accordance with the ninth embodiment also to be
described later and in the tenth embodiment also to be
described later are the same as the connections of the second-
node initialization transistor T 5, to other components in the
first embodiment described above.

Operations to turn on and off the second-node initialization
transistor Ty, are controlled by a signal appearing on the
second-node initialization transistor control line AZ,;,,, con-
nected to the gate electrode of the second-node initialization
transistor T,5,,. A voltageV ;s for initializing the second node
ND, is asserted on the second-node initialization voltage
supply line PS,,,. This description also holds true of the
second to eighth embodiments to be described later, the 4Tt/
1C driving circuit serving as the first modified version of the
driving circuit in accordance with the ninth embodiment also
to be described later and the tenth embodiment also to be
described later.
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The drain area of the element driving transistor T, and
the current supply section 100 are connected to each other by
the light-emission control transistor T,; . The gate elec-
trode of the light-emission control transistor T, . is con-
nected to a light-emission control transistor control line
CLg; which is connected to a light-emission control tran-
sistor control circuit 103. This description of the connections
also holds true of the second to eighth embodiments to be
described later, the 4Tr/1C driving circuit serving as the first
modified version of the driving circuit in accordance with the
ninth embodiment also to be described later and the tenth
embodiment also to be described later.

To put it more concretely, the particular source/drain area
of the light-emission control transistor T, . is connected to
the current supply section 100 generating the voltage V.~
whereas the other source/drain area of the light-emission
control transistor Ty,  is connected to the drain area of the
element driving transistor T . In addition, operations to turn
on and off the light-emission control transistor Tz, . are
controlled by a signal appearing on the light-emission control
transistor control line CL,, connected to the gate electrode
of thelight-emission control transistor T;; . Itis to be noted
that the current supply section 100 is a section provided for
supplying a current to the organic EL light emitting element
ELP employed in the organic EL device 10 through the light-
emission control transistor T, .~ and the element driving
transistor T, in order to control the light emission of the
organic EL light emitting element ELP. This description also
holds true of the second to eighth embodiments to be
described later, the 4Tr/1C driving circuit serving as the first
modified version of the driving circuit in accordance with the
ninth embodiment also to be described later and the tenth
embodiment also to be described later.

As described earlier, the anode electrode of the organic EL
light emitting element ELP is connected to the source area of
the element driving transistor T,,. A voltage V-, is applied
to the cathode area of the organic EL light emitting element
ELP. In the figure, notation C, denotes the parasitic capaci-
tance of the organic EL light emitting element ELP. Let us
assume that a voltage V,, ., is required for light emission of
the organic EL light emitting element ELP. That is to say, if a
voltage at least as high as the voltage V,, ., is applied
between the anode and cathode electrodes of the organic EL
light emitting element ELP, the organic EL light emitting
element ELP emits light. This description also holds true of
the second to tenth embodiments to be described later. The
voltage V ,, z; 1s the threshold voltage of the organic EL light
emitting element ELP.

It is to be noted that the 5Tr/1C driving circuit explained
before by referring to FIG. 36 has the same configuration as
the first embodiment except that the video-signal write tran-
sistor T, employed in the 5Tr/1C driving circuit shown in
FIG. 36 has a single-gate structure.

The description given so far has explained the organic EL
display apparatus according to the first embodiment, the
organic EL, device 10 employed in the organic EL display
apparatus as the organic ELL device according to the first
embodiment and the 5Tt/1C driving circuit serving as the
driving circuit, which is employed in the organic EL device as
a circuit for driving the organic EL light emitting element
ELP.

By referring to diagrams, the following description
explains an effect exhibited by the shield electrode 42. FIG.
7A is a diagram showing a model of states developed in
vicinities of the second channel creation area 34B when the
video-signal write transistor Tg,, is put in a turned-off state
during a period TP(5), to be described later. In this embodi-
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ment, the second channel creation area 34B between the
common source/drain area 35C and the second (other)
source/drain area 35B is set in a region having a width about
equal to that of the second gate electrode 31B and, by the
same token, the first channel creation area 34A between the
common source/drain area 35C and the first (particular)
source/drain area 35A is set in a region having a width about
equal to that of the first gate electrode 31A.

Immediately prior to the period TP(5), to be described
later, an electric potential appearing on the data line DTL is
the voltage Vg, of 15 volts, for example, whereas an electric
potential appearing on the scan line SCL is a voltage at a high
level such as 10 volts. The electric potential appearing on the
dataline DTL is an electric potential appearing on the wire 38
shown in FIG. 3. A voltage of 10 volts is applied to the gate
electrodes 31A and 31B through the scan line SCL in order to
put the video-signal write transistor Ty, in turned-on state.
Thus, electric potential appearing on each of the first (par-
ticular) source/drain area 35A, the first channel creation area
34 A, the common source/drain area 35C, the second channel
creation area 34B, the second (other) source/drain area 35B,
awire 41, the shield electrode 42 and the other electrode 36 is
the voltage V., of 15 volts, for example.

Then, in the period TP(5),, a voltage of =10 volts is applied
to the gate electrodes 31 A and 31B through the scan line SCL
in order to put the video-signal write transistor T, in a
turned-off state. As explained before by referring to FIGS.
38A to 38C in the description of the art related to the present
invention, in this state, an electric potential appearing on the
common source/drain area 35C changes to a potential on the
minus siderelative to the particular source/drainarea 35A and
other source/drain area 35B of the video-signal write transis-
tor T ;.. An example of the potential on the minus side relative
to the particular source/drain area 35 A and other source/drain
area 35B of the video-signal write transistor T, is 0 volts.
Thus, in this state, the common source/drain area 35C serves
as a source area common to the first sub-transistor Tg,, , and
the second sub-transistor T, , whereas the first (particular)
source/drain area 35A functions as the drain area of the first
sub-transistor Ty, ; while the second (other) source/drain
area 35B functions as the drain area of the second sub-tran-
sistor T, .

The shield electrode 42 covers a portion included in the
second channel creation area 34B as a portion close to the
second (other) source/drain area 35B. In this state, an electric
potential appearing on the shield electrode 42 is higher than
an electric potential appearing on the common source/drain
area 35C. Thus, as shown in FIG. 7A, the shield electrode 42
attracts carriers, which are each an electron in this case, in the
second channel creation area 34B. As a result, a depletion
layer is created in a portion included in the second channel
creation area 34B as a portion close to the common source/
drain area 35C so that it becomes more difficult for a leak
current to flow between the second channel creation area 34B
and the common source/drain area 35C. As described above,
the second channel creation area 34B is a channel creation
area on the side close to the second (other) source/drain area
35B forming the first node ND,. Thus, electric-potential
variations appearing on the first node ND), as the variations of
the amount of electric charge accumulated in the capacitor C,
can be effectively suppressed.

FIG. 7B is a diagram showing a model of a change caused
by adding the shield electrode 42 as a typical change of a
current-voltage characteristic to be described below. A solid
line represents the current-voltage characteristic for a con-
figuration including the added shield electrode 42 whereas a
dashed line represents the current-voltage characteristic for a
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configuration including no added shield electrode 42. The
horizontal axis in FIG. 7B represents a voltage V5 350
applied between the second gate electrode 31B and the com-
mon source/drain area 35C. As described above, in a turned-
off state, the common source/drain area 35C serves as the
source area. On the other hand, the vertical axis in FIG. 7B
represents a current I,55 535~ flowing between the second
(other) source/drain area 35B and the common source/drain
area35C. As described above, in a turned-off state, the second
(other) source/drain area 35B serves as the drain area. Due to
an electric-field effect of the shield electrode 42, which is
created on the drain-area side, on the second channel creation
area 34B, the threshold voltage of the second sub-transistor
T, » formed by the second channel creation area 34B is
shifted toward the minus side. Notation V, shown in FIG. 7B
denotes a voltage in a turned-off state of the second sub-
transistor T, , formed by the second channel creation area
34B with a configuration including no shield electrode 42. On
the other hand, notation V, shown in FIG. 7B denotes a
voltage in a turned-off state of the second sub-transistor
Ty, formed by the second channel creation area 348 with
a configuration including the shield electrode 42. In the case
of a configuration including the shield electrode 42, if the
voltage Vs 5 3515 onthe minus side relative to the voltage V.,
shown in FIG. 7B, the transistor is put in a turned-off state. In
this turned-off state, the creation of the depletion layer
described before has an effect of lowering the current Iz 55
represented by the solid-line graph in comparison with the
current I, - . ~represented by the dashed-line graph. That is
to say, the magnitude of the leak current in this turned-off
state is reduced.

The above description explains the effect exhibited by the
shield electrode 42. The following description explains a
method of driving the organic EL light emitting element ELP
by making use of the driving circuit according to the first
embodiment. It is to be noted that a driving method making
use of the 5Tt/1C driving circuit shown in FIG. 36 is the same
as the driving method explained below as the driving method
according to the first embodiment. It is also worth noting that
a driving method according to each of the second to eighth
embodiments to be described later is also the same as the
driving method explained below as the driving method
according to the first embodiment.

In the following description, it is assumed that a state of
light emission starts immediately after completion of all vari-
ous processes such as the threshold-voltage cancel process,
the signal write process and the mobility correction process.
It is to be noted, however, that the state of light emission may
also start after the lapse of a predetermined period of time
since completion of all the various processes as explained
previously.

In the following description which also holds true of the
second to tenth embodiments to be described later, the mag-
nitudes of voltages and/or currents are set at values given
below. However, the values are typical values merely deter-
mined for explanation purposes to the bitter end. That is to
say, the magnitudes of voltages and/or currents are by no
means limited to set the typical values.

Vg 18 a video signal for controlling the luminance of the
organic EL light emitting element ELP. This signal is a volt-
age in the range 0 to 15 volts.

V o 1s avoltage generated by the current supply section as
a voltage for controlling the light emission of the organic EL
light emitting element ELP. This voltage is set at 20 volts.

Vg s a voltage for initializing an electric potential
appearing on the gate electrode of the element driving tran-
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sistor T,,,, that is, for initializing an electric potential appear-
ing on the first node ND, . This voltage is set at 0 volts.

V¢ is a voltage for initializing an electric potential appear-
ing in the source area of the element driving transistor Tp,,,
that is, for initializing an electric potential appearing on the
second node ND,. This voltage is set at —10 volts.

V ,,is the threshold voltage of the element driving transistor
Tp,,- This voltage is 3 volts.

V.. 18 a voltage applied to the cathode electrode of the
organic EL light emitting element ELP. This voltage is O volts.

V.= 18 the threshold voltage of the organic EL light
emitting element ELP. This voltage is 3 volts.

Period TP(5)_, (With Reference to FIGS. 4 and 5A)

In a period TP(5)_,, for example, operations for the imme-
diately preceding display frame are carried out and, after a
variety of previous processes have been completed, an (n,
m)th organic EL device 10 is put in a state of light emission.
That is to say, a drain current I' ;. expressed by Eq. (5) to be
described later flows to the organic EL light emitting element
ELP employed in the organic EL device 10 serving as an (n,
m)th sub-pixel and determines the luminance of the organic
EL device 10. In this period TP(5)_,, each of the video-signal
write transistor Tg,,, the first-node initialization transistor
Tp, and the second-node initialization transistor T, 18ina
turned-off state whereas each of the light-emission control
transistor Tz, . and the element driving transistor T, is in
a turned-on state. The light-emission state of the (n, m)th
organic EL device 10 is continuously sustained till a time
immediately prior to the start of the horizontal scan period of
the organic EL device 10 located at the position of the (m+m")
th row of the matrix.

Periods TP(5), to TP(5), shown in FIG. 4 are operation
periods from completion of the light emission state following
completion of the various previous processes to a time imme-
diately prior to execution of the next signal write process. The
periods TP(5), to TP(5), form a sequence of periods having a
duration stretched for example from the beginning of the
(m+m")th horizontal scan period of the immediately preced-
ing display frame to the end of the (m-1)th horizontal scan
period of the current display frame. In addition, it is also
possible to provide a configuration in which the periods
TP(5), to TP(5), are included in the mth horizontal scan
period of the current display frame.

On top of that, in the periods TP(5), to TP(5),, as a rule, the
(n, m)th organic EL device 10 is in a state of no-light emis-
sion. That is to say, in the periods TP(5), and TP(5), and the
periods TP(5), to TP(5),, the light-emission control transistor
Ty, isinaturned-off state. Thus, the organic EL device 10
does not emit light. It is to be noted that, in the period TP(5),,
the light-emission control transistor T,; . is in a turned-on
state. In this period, however, a threshold-voltage cancel pro-
cess to be described later is carried out. As will be described
later in detail in the explanation of the threshold-voltage
cancel process, the organic EL device 10 does not emit light
provided that, as a prerequisite, Eq. (2) to be described later is
satisfied.

The following description begins with explanations of the
periods TP(5), to TP(5),. It is to be noted that the start of the
period TP(5), and the length of each of the periods TP(5), to
TP(5), can be properly set in accordance with the design of
the organic EL display apparatus.

Period TP(5),

As described before, in the period TP(5),, the (n, m)th
organic EL device 10 is in a state of no-light emission. In this
state, each of the video-signal write transistor T, the first-
node initialization transistor Ty, and the second-node ini-
tialization transistor Ty, 1s in a turned-off state. In addition,
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atthe time of a transition from the period TP(5)_, to the period
TP(5),, the light-emission control transistor T,; ~is ina
turned-off state so that an electric potential appearing on the
second node ND, drops to a voltage of (V 5,z +V ¢,p), pUtting
the organic EL light emitting element ELP in a state of no-
light emission. As explained before, the second node ND, is
the source area of the element driving transistor T, ,, or the
anode electrode of the organic EL light emitting element ELP.
In addition, an electric potential appearing on the first node
ND,, which is in a floating state, also drops to follow the
electric-potential drop of'the second node ND,. As explained
before, the first node ND, is the gate electrode of the element
driving transistor T,

Period TP(5), (With Reference to FIGS. 4, 5B and 5C)

In the next period TP(5),, pre-processing for execution of
a threshold-voltage cancel process to be described later is
carried out. That is to say, at the start of the period TP(5),, the
first-node initialization transistor control circuit 104 and the
second-node initialization transistor control circuit 105 oper-
ate to set the first-node initialization transistor control line
AZ,,,, and the second-node initialization transistor control
line AZ,,,, respectively at high levels putting the first-node
initialization transistor T,,,, and the second-node initializa-
tion transistor T, respectively in a turned-on state. As a
result, an electric potential appearing on the first node ND,
becomes the voltage V4 of O volts, for example, and an
electric potential appearing on the second node ND, becomes
the voltage V4 which is -10 volts, for example. In addition,
prior to the end of the period TP(5),, the second-node initial-
ization transistor control circuit 105 is driven in order to set
the second-node initialization transistor control line AZ,;,, at
a low level putting the second-node initialization transistor
Tom 10 a turned-off state. It is to be noted that the first-node
initialization transistor T,,,, and the second-node initializa-
tion transistor Ty, can be put in a turned-on state at the same
time, the first-node initialization transistor T,,,, can be putin
a turned-on state before the second-node initialization tran-
sistor T p, or the second-node initialization transistor Ty,
can be put in a turned-on state before the first-node initializa-
tion transistor T, ;.

By carrying out the processing described above, a differ-
ence in electric potential between the gate electrode of the
element driving transistor T, and the source area of the
element driving transistor T, reaches a voltage at least equal
to the threshold voltage V,;, of the element driving transistor
Tp,., putting the element driving transistor T,,,, in a turned-
on state.

Period TP(5), (With Reference to FIGS. 4 and 5D)

Then, during the following period TP(5), shown in FIG. 4,
athreshold-voltage cancel process is carried out. As shown in
FIG. 5D, with the turned-on state of the first-node initializa-
tion transistor T,,,, sustained as it is, at the beginning of the
period TP(5),, the light-emission control transistor control
circuit 103 is driven in order to raise a light-emission control
transistor control line CLg; . to a high level. The light-
emission control transistor control line CL,; . raised to a
high level puts the light-emission control transistor T; ~in
a turned-on state. As a result, an electric potential appearing
on the second node ND, changes in a direction to a voltage
equal to a difference obtained as a result of subtracting the
threshold voltage V,, of the element driving transistor T, ,
from an electric potential appearing on the first node ND,
even though an electric potential appearing on the first node
ND, does not change. That is to say, an electric potential
appearing on the second node ND,, which is in a floating
state, rises. Then, as the difference in electric potential
between the gate electrode of the element driving transistor
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T, and the source area of the element driving transistor T,
reaches the threshold voltage V;, of the element driving tran-
sistor T,,, the element driving transistor T, is put in a
turned-off state. To put it more concretely, the electric poten-
tial appearing on the second node ND,, which is in a floating
state, approaches a voltage difference of (V -V, )==3 volts
(>V,) and eventually becomes equal to the voltage differ-
ence of (V ,5=V,,). Inthis case, if the validity of Eq. (2) given
below is assured or, in other words, if an electric potential
satisfying Eq. (2) is selected and determined in advance, the
organic EL light emitting element ELP never emits light.

Var=Va) <V +V car) @

In the period TP(5),, the electric potential appearing on the
second node ND, eventually becomes equal to the voltage
difference of (V .~V ;). That s to say, the electric potential
appearing on the second node ND, is determined, depending
on only the threshold voltage V,, of the element driving tran-
sistor Tp,, and the voltage V ,, used for initializing the gate
electrode of the element driving transistor Tj,,,. In other
words, the electric potential appearing on the second node
ND, is not dependent on the threshold voltage V, ., of the
organic EL light emitting element ELP.

Period TP(5), (With Reference to FIGS. 4 and 6A)

In the following period TP(5)5, with the turned-on state of
the first-node initialization transistor T, sustained as it is,
the light-emission control transistor control circuit 103 is
driven in order to set the light-emission control transistor
control line CLg; . at a low level so as to put the light-
emission control transistor T, . in a turned-off state. As a
result, the electric potential appearing on the first node ND,
does not change but is sustained at the voltage V ,; of 0 volts
and the electric potential appearing on the second node ND,
in a floating state also does not change but is sustained at the
voltage difference of (V,,-V,,) which is -3 volts.

Period TP(5), (With Reference to FIGS. 4 and 6B)

In the following period TP(5),, the first-node initialization
transistor control circuit 104 is driven in order to set the
first-node initialization transistor control line A7, at a low
level so as to put the first-node initialization transistor T, in
a turned-off state. The electric potential appearing on the first
node ND, and the electric potential appearing on the second
node ND, virtually do not change. In actuality, the electric
potential appearing on the first node ND, and the electric
potential appearing on the second node ND, may change due
to the effect of coupling by the parasitic capacitance C,,
between the gate electrode of the element driving transistor
Tp,, and the source area of the element driving transistor
Tp,., and the like. However, the changes of the electric poten-
tial appearing on the first node ND, and the electric potential
appearing on the second node ND, can be normally ignored.

Next, a period TP(5); to a period TP(5),, which are shown
in FIG. 4, are explained. It is to be noted that, as will be
described later, in the period TP(3)s, a signal write process is
carried out whereas, in the period TP(5),, a mobility correc-
tion process is carried out. As described before, it is necessary
to carry out the signal write process and the mobility correc-
tion process during the mth horizontal scan period. In order to
make the explanation simple, in the following description, the
start of the period TP(8), and the end of period TP(5), coin-
cide with respectively the start and the end of the mth hori-
zontal scan period.

Period TP(5), (With Reference to FIGS. 4 and 6C)

In the following period TP(5)s, a signal write process for
the element driving transistor Tp,,, is carried out. To put it
more concretely, as shown in FIG. 6C, with the turned-off
states of the first-node initialization transistor T, , the sec-
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ond-node initialization transistor T, and the light-emission
control transistor T, . sustained as they are, the video-
signal outputting circuit 102 is driven in order to set an elec-
tric potential appearing on a data line DTL at a voltage cor-
responding to the video signal V. This voltage is thus a
video signal (also referred to as a driving signal or a lumi-
nance signal) Vg, for controlling the luminance on the
organic EL light emitting element ELP. Then, the scan circuit
101 is driven in order to put a scan line SCL at a high level so
as to put a video-signal write transistor Tg,, in a turned-on
state. It is to be noted that the video-signal write transistor Ty,
putina turned-on state means that both the first sub-transistor
T, and the second sub-transistor T, , are in a turned-on
state whereas the video-signal write transistor T, put in a
turned-off state means that at least one of the first sub-tran-
sistor Ty, , and the second sub-transistor Ty, , is in a
turned-off state. As aresult, an electric potential appearing on
the first node ND, rises to the voltage V.

Let notation ¢, denote the magnitude of the capacitance ¢,
of the capacitor C |, notation Cy; denote the magnitude of the
parasitic capacitance C,; of the organic EL light emitting
element ELP and notation ¢, denote the magnitude of a
parasitic capacitance C_, between the gate electrode of the
element driving transistor T, and a source area located on
the side close to the organic EL light emitting element ELP to
function as the source area of the element driving transistor
Tp,,- When an electric potential appearing on the gate elec-
trode of the element driving transistor T, rises from the
voltage V o o the voltage Vg, (>Vp), as a rule, electric
potentials appearing on both the terminals of the capacitor C,
also change. The electric potentials appearing on both the
terminals of the capacitor C, are an electric potential appear-
ing on the first node ND, and an electric potential appearing
on the second node ND,, and the electric potential appearing
on the first node ND, is an electric potential appearing on the
gate electrode of the element driving transistor T,,,.. An elec-
tric charge based on a voltage change (V,,~V ) of the
electric potential appearing on the gate electrode of the ele-
ment driving transistor T, is distributed to the capacitance
c, of the capacitor C,, the parasitic capacitance C,, of the
organic EL light emitting element ELP and the parasitic
capacitance C,, between the gate electrode of the element
driving transistor T, and the source area of the element
driving transistor T,,,,. In addition, if the magnitude C,; of
the parasitic capacitance C; is sufficiently large in compari-
son with the capacitance ¢, of the capacitor C, and magnitude
C,, of the parasitic capacitance C_,, an electric-potential
change based on the voltage change (V -V ) of the elec-
tric potential appearing on the gate electrode of the element
driving transistor T, as a change of an electric potential
appearing on the second node ND, serving as the source area
of the element driving transistor T, is small. However, the
magnitude C; ofthe parasitic capacitance C; of the organic
EL light emitting element ELP is generally greater than the
capacitance ¢, of the capacitor C, and the magnitude ¢, of the
parasitic capacitance C,; between the gate electrode of the
element driving transistor T, and the source area of the
element driving transistor T ,,. Thus, in order to make the
explanation simple, except for the case of a required particu-
lar configuration, the following description is given by not
considering an electric-potential change caused by a change
of an electric potential appearing on the first node ND, as a
change of an electric potential appearing on the second node
ND,. This statement also holds true of other driving circuits
except a 3Tr/1C driving circuit explained later as a second
modified version in the ninth embodiment. Let notation V.
denote an electric potential appearing on the first node ND,
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also serving as the gate electrode of the element driving
transistor T, whereas notation V_ denote an electric poten-
tial appearing on the second node ND, also serving as the
source area of the element driving transistor Tj,,,.. The electric
potentials V, and V, have values shown below. Thus, an elec-
tric potential difference V, between the gate electrode of the
element driving transistor T, , of the element driving transis-
tor T, and source area of the element driving transistor T ,,,,,
is expressed in accordance with Eq. (3). It is needless to say
that the electric-potential difference V,, is also a difference in
electric potential between the first node ND, and the second
node ND,.

Ve=Vsig
VesVor=Vim

Ve Vsig=(Vos=Var)

gs

@)
The electric-potential difference V,, obtained as a result of
the signal write process carried out for the element driving
transistor T4, is dependent on only the voltage Vg, for con-
trolling the luminance of the organic EL light emitting ele-
ment ELP, the threshold voltage V,,, of the element driving
transistor T, and the voltage V 4 for initializing the gate
electrode of the element driving transistor Tp,,. In addition,
the electric-potential difference V., is not dependent on the
threshold voltage V,;, -, of the organic EL light emitting
element ELP.
Period TP(5), (With Reference to FIGS. 4 and 6D)

In the following period TP(5),, a mobility correction pro-
cess is carried out. The mobility correction process is a pro-
cess for correcting the electric potential appearing on the
second node ND, serving as the source area of the element
driving transistor T, on the basis of the magnitude of the
mobility p of the element driving transistor T, ...

In general, the element driving transistor T, is, for
example, a thin film transistor made of polysilicon. In this
case, it is difficult to prevent the driving-transistor mobility p
from varying from transistor to transistor. Thus, even if the
same voltage V,, is applied to the gate electrodes of a plu-
rality of element driving transistors T, having mobilities |1
different from each other, an element driving transistor T, ,,
with alarge mobility p flows a large drain current I ;, while an
element driving transistor T, with a small mobility p flows
asmall drain current I ,, different from the large drain current
14 Such a difference in drain current 1, causes the screen
appearing on the organic EL display apparatus to inevitably
lose uniformity.

In order to solve the problem of losing screen uniformity,
with the turned-on state of the element driving transistor T ,,,,
sustained as it is, the light-emission control transistor control
circuit 103 is driven in order to set the light-emission control
transistor control line CL; - to a high level so as to put the
light-emission control transistor T,; . in a turned-on state.
Then, after a time period t, determined in advance has lapsed,
the scan circuit 101 is driven in order to set the scan line SCL
atalow level so as to put the video-signal write transistor T,
in a turned-off state and the first node ND, serving as the gate
electrode of the element driving transistor Tp,, in a floating
state. As a result of these operations, the raise AV of the
electric potential appearing in the source area of the element
driving transistor T, increases if the mobility p of the ele-
ment driving transistor T, , is large, or the raise AV of the
electric potential appearing in the source area of the element
driving transistor T,,,, decreases if the mobility p of the ele-
ment driving transistor T, is small. The raise AV of the
electric potential appearing in the source area of the element
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driving transistor T, is referred to as an electric-potential
correction value. The expression of the electric-potential dif-
ference V., between the gate electrode of the element driving
transistor T,,, and source area of the element driving transis-
tor T, is changed from Eq. (3) to Eq. (4) given as follows:

Vgs"" VSig_( VOfs_ V)=V G

In addition, itis nice to determine the entire length to of the
period TP(5),, which is the period of time it takes to carry out
the mobility correction process, as a design value in advance
when designing the organic EL display apparatus. In addi-
tion, the entire length to of the period TP(5), is determined so
that the electric potential of (V ,,~V ,+AV) appearing in the
source area of the element driving transistor Tp,,, at that time
satisfies Eq. (2') given below. In addition, the organic EL light
emitting element ELP thus never emits light during the period
TP(5);. On top of that, variations of a coefficient k (=(2)*
(W/L)*Cy) is also corrected as well at the same time as the
mobility correction process.

Vor=VartAV)»<(V g g1+ ear)

Period TP(5), (With Reference to FIGS. 4 and 6E)

At the end of the execution of the operations described
above, the threshold-voltage cancel process, the signal write
process and the mobility correction process are completed.
By the way, as aresult of the operation carried out by the scan
circuit 101 to set the scan line SCL at a low level, the video-
signal write transistor T, is put in a turned-off state whereas
the first node ND, serving as the gate electrode of the element
driving transistor T,,,, is put in a floating state. On the other
hand, the turned-on state of the light-emission control tran-
sistor T, - 1s sustained in order to keep the drain area of the
light-emission control transistor Tz, . in a state of being
connected to the current supply section 100 for controlling
the light emission of the organic EL light emitting element
ELP by generating the voltage V. of 20 volts, for example.
Thus, as a result, an electric potential appearing on the second
node ND, rises.

As described above, the gate electrode of the element driv-
ing transistor T, ,,is put in a floating state and, on top of that,
the capacitor C, exists. Thus, the same phenomenon as that of
the so-called bootstrap circuit occurs at the gate electrode of
the element driving transistor Tp,,, also raising an electric
potential appearing on the first node ND, as well. As a result,
the electric-potential difference V,, between the gate elec-
trode of the element driving transistor T ,,,, and source area of
the element driving transistor T, s kept at a value expressed
by Eq. (4).

In addition, as the electric potential appearing on the sec-
ond node ND, increases, exceeding a level represented by an
expression of (V, z;+V ), the organic EL light emitting
element ELP starts emission of light. At that time, the drain
current I ;, flowing from the drain area of the element driving
transistor T ,,,, to the source area of the element driving tran-
sistor T, 1s flowing through the organic EL light emitting
element ELP. Thus, the drain current I ;; flowing through the
organic EL light emitting element ELP can be expressed by
Eq.(1). Onthe basis of Egs. (1) to (4), Eq. (1) can be modified
to Eq. (5) given as follows:

@)

L=k u* (Ve Vor—A 48 ©)

Thus, if the voltage V 4 is set at 0 volts for example, the
drain current [ , flowing through the organic EL light emitting
element ELP is proportional to the square of a difference
obtained as a result of subtracting the electric-potential cor-
rection value AV based on the mobility p of the element
driving transistor T, from the value of the video signal Vg,
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for controlling the luminance of the organic EL light emitting
element ELP. As described earlier, the electric-potential cor-
rection value AV is a value for correcting the electric potential
appearing on the second node ND, serving as the source area
of the element driving transistor T,,. In other words, the
drain current I ;. flowing through the organic EL light emitting
element ELP does not depend on the threshold voltage V,, -,
of the organic EL light emitting element ELP and the thresh-
old voltage V,,, of the element driving transistor Tp,,,. That is
to say, the luminance exhibited by the organic EL light emit-
ting element ELP as a quantity representing the amount of
light emitted by the organic EL light emitting element ELP is
notaffected by the threshold voltage V ;, .., of the organic EL
light emitting element ELP and the threshold voltage V;, of
the element driving transistor T,,. Thus, the luminance of
the (n, m)th organic EL device 10 is a quantity determined by
the drain current I ;..

In addition, the larger the mobility p of the element driving
transistor T,,, the larger the electric-potential correction
value AV and, hence, the smaller the quantity described on the
left-hand side of Eq. (4) as a quantity representing the elec-
tric-potential difference V.. Thus, even if the mobility w of
the element driving transistor T ,,, increases, the value of an
expression of (V;,-V,-AV)® decreases. As a result, the
drain current I ;, can be corrected. That is to say, even for the
organic EL. devices 10 employing element driving transistors
T, with mobilities p different from each other, if the same
voltageV, is supplied to the organic EL devices 10, the drain
currents I, flowing through the element driving transistors
Tp,, will be equal to each other. As a result, the drain currents
1, flowing through the organic EL light emitting elements
ELP employed in the organic EL devices 10 as currents each
used for controlling the luminance of the organic EL light
emitting element ELP can be made uniform. That is to say, it
is possible to eliminate variations caused by variations of the
mobility L and also caused by variations of the coefficient k as
variations of the luminance of the organic EL light emitting
element ELP.

The light-emission state of the organic EL light emitting
element ELP is sustained continuously till the (m+m'-1)th
horizontal scan period. That is to say, the light-emission state
of the organic EL light emitting element ELP is terminated at
the end of the period TP(5)_,.

At the end of the period TP(5)_,, the (n, m)th sub-pixel
serving as a organic EL device 10 completes the light emitting
operation.

Second Embodiment

A second embodiment also implements an organic EL
display apparatus according to the first embodiment of the
present invention and an organic EL device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the first embodiment of the present invention.

The second embodiment is obtained by modifying the first
embodiment. The second embodiment is different from the
first embodiment in that, in the case of the second embodi-
ment, in addition to the shield electrode 42 explained before
in the description of the first embodiment, the second sub-
transistor Ty, , is further provided with a second shield
electrode 43.

FIG. 2 can also be referred to as a conceptual diagram
showing the organic EL display apparatus according to the
second embodiment. FIG. 8 is a diagram showing an equiva-
lent circuit of a driving circuit employed in the organic EL
device 10 according to the second embodiment. FIG. 9A is a
diagram showing a model representing a partial cross section
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of a portion of the organic EL device 10 according to the
second embodiment whereas FIG. 9B is a diagram corre-
sponding to the diagram of FIG. 7A. That is to say, F1G. 9B is
adiagram showing a model of states developed in vicinities of
the second channel creation area 34B when the video-signal
write transistor T, is putina turned-off state during a period
TP(5),.

Timing charts of driving operations carried out by the
driving circuit according to the second embodiment are iden-
tical with the timing charts shown in FIG. 4. In addition,
models of turned-on and turned-off states of the transistors
are identical with those shown in FIGS. 5A to 5D and 6A to
6E. These statements also hold true of the third to eighth
embodiments to be described later.

As shown in FIGS. 8 and 9A, in the case of the second
embodiment, the second sub-transistor Tg,, , is provided
with the shield electrode 42 of the first embodiment described
earlier as well as the second shield electrode 43 facing the
other face of the second channel creation area 34B of the
second sub-transistor Ty, , through the shield insulation
layer 40 sandwiched by the second shield electrode 43 and the
other face of the second channel creation area 34B. In order to
distinguish the shield electrode 42 and the second shield
electrode 43 from each other, in the following description, the
shield electrode 42 is also referred to as a first shield electrode
42. The second shield electrode 43 is connected to the com-
mon source/drain area 35C through a contact hole created by
boring the shield insulation layer 40. As explained before, the
common source/drain area 35C is an area in which the other
source/drain area of the first sub-transistor Tg,, , and the
particular source/drain area of the second sub-transistor
T, overlap each other. Much like the first shield electrode
42, the second shield electrode 43 can also be created by
adopting any one of a variety of generally known methods.

Except for the addition of the second shield electrode 43
described above, the component structures/configurations of
the organic EL display apparatus according to the second
embodiment, the organic EL. device 10 employed in the
organic EL, display apparatus as the organic EL device
according to the second embodiment and the driving circuit
employed in the organic EL device are the same as those of
the first embodiment. In addition, operations carried out by
the driving circuit employed in the organic EL device accord-
ing to the second embodiment and a method to operate the
driving circuit are identical with those of the first embodi-
ment. It is thus unnecessary to repeat the description of the
operations and the method so as to avoid duplication.

In the case of the second embodiment, in addition to the
effect of the first shield electrode 42 also included in the first
embodiment, the second shield electrode 43 connected to the
common source/drain area 35C also has an effect on the
second channel creation area 34B. As described above, in a
turned-off state, an electric potential appearing on the com-
mon source/drain area 35C is lower than an electric potential
appearing on the first shield electrode 42. Thus, in compari-
son with the first embodiment, the degree to which the thresh-
old voltage of the second sub-transistor T, , is shifted ina
direction toward the minus side is relatively low. As a result,
the voltage V, shown in FIG. 7B explained previously is
shifted in a direction to the voltage V, . Therefore, the absolute
value of a voltage to be applied to the second gate electrode
31B in order to put the second sub-transistor Ty, , in a
turned-off state is smaller than that of the first embodiment.
That is to say, it is possible to reduce the amplitude of a signal
applied to the gate electrode of the video-signal write transis-
tor T, to a value smaller than the amplitude for the first

Sig



US 8,022,903 B2

37

embodiment. In this case, the amplitude is a difference
between the so-called on voltage and the so-called off volt-
age.

Third Embodiment

A third embodiment also implements an organic EL dis-
play apparatus according to the first embodiment of the
present invention and an organic EL device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the first embodiment of the present invention.

The third embodiment is also obtained by modifying the
first embodiment. The third embodiment is different from the
first embodiment in that, in the case of the third embodiment,
the first sub-transistor T, _, is further provided with a third
shield electrode 44.

FIG. 2 can also be referred to as a conceptual diagram
showing the organic EL display apparatus according to the
third embodiment. FIG. 10A is a diagram showing an equiva-
lent circuit of a driving circuit employed in the organic EL
device 10 according to the third embodiment. FIG. 10B is a
diagram showing a model representing a partial cross section
of a portion of the organic EL device 10 according to the third
embodiment.

As shown in FIGS. 10A and 10B, the third embodiment is
different from the first embodiment in that, in the case of the
third embodiment, in addition to the first shield electrode 42
explained before in the description of the first embodiment,
the first sub-transistor T,, , is further provided with a third
shield electrode 44 facing the other face of the first (particu-
lar) channel creation area 34A of the firstsub-transistor T, ;
through the shield insulation layer 40 sandwiched by the third
shield electrode 44 and the other face of the first channel
creation area 34A. The third shield electrode 44 is connected
to the first (particular) source/drain area 35A of the first
sub-transistor Tg;, ,. To put it more concretely, in the third
embodiment, an extension from the wire 38 connected to the
first (particular) source/drain area 35A is the third shield
electrode 44. Much like the first shield electrode 42, the third
shield electrode 44 can also be created by adopting any one of
a variety of generally known methods.

Except for the addition of the third shield electrode 44
described above, the component structures/configurations of
the organic EL display apparatus according to the third
embodiment, the organic EL device 10 employed in the
organic EL, display apparatus as the organic EL device
according to the third embodiment and the driving circuit
employed in the organic EL device are the same as those of
the first embodiment. In addition, operations carried out by
the driving circuit employed in the organic EL device accord-
ing to the third embodiment and a method to operate the
driving circuit are identical with those of the first embodi-
ment. It is thus unnecessary to repeat the description of the
operations and the method so as to avoid duplications.

In addition to the effect exhibited by the first embodiment
as explained previously, in the case of the third embodiment,
the third shield electrode 44 also has the same effect on the
first channel creation area 34 A as the effect described before
by referring to FIGS. 7A and 7B as the effect demonstrated by
the first embodiment. To put it more concretely, a model of
states developed in vicinities of the first channel creation area
34A with the video-signal write transistor Tg;, putin a turned-
off state can be obtained from the model shown in FIG. 7A by
replacing notations 31B, 34B and 35B with notations 31A,
34A and 35A respectively. In this model of states developed
in vicinities of the first channel creation area 34A, a depletion
layer is created also in a portion included in the first channel
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creation area 34A as a portion close to the common source/
drain area 35C so that it becomes more difficult for a leak
current to flow between the first channel creation area 34A
and the common source/drain area 35C.

If an electric potential appearing in the common source/
drain area 35C changes due to, among others, a leak current
flowing through the first channel creation area 34 A, the effect
of the change in electric potential will become eventually an
effect on an electric potential appearing on the firstnode ND, .
In the case of the third embodiment, the magnitude of the leak
current is decreased. Thus, the effect can also be suppressed
as well.

Fourth Embodiment

A fourth embodiment also implements an organic EL dis-
play apparatus according to the first embodiment of the
present invention and an organic EL device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the first embodiment of the present invention.

The fourth embodiment is also obtained by modifying the
first embodiment. The fourth embodiment is different from
the first embodiment in that, in the case of the fourth embodi-
ment, the first sub-transistor T, | is further provided witha
third shield electrode 44 and a fourth shield electrode 45
whereas the second sub-transistor T, » is further provided
with a second shield electrode 43.

FIG. 2 can also be referred to as a conceptual diagram
showing the organic EL display apparatus according to the
fourth embodiment. FIG. 11A is a diagram showing an
equivalent circuit of a driving circuit employed in the organic
EL device 10 according to the fourth embodiment. FIG. 11B
is a diagram showing a model representing a partial cross
section of a portion of the organic EL device 10 according to
the fourth embodiment.

As shown in FIGS. 11A and 11B, in the case of the fourth
embodiment, the second sub-transistor Tg,, , is provided
with the first shield electrode 42 in the same way as the first
embodiment described earlier as well as a second shield elec-
trode 43 also facing the other face of the second channel
creation area 34B of the second sub-transistor Ty, , through
the shield insulation layer 40 sandwiched by the second
shield electrode 43 and the other face of the second channel
creation area 34B. In addition, the first sub-transistor T, ; is
provided with the third shield electrode 44 in the same way as
the third embodiment and a fourth shield electrode 45 also
facing the other face of the first channel creation area 34A of
the first sub-transistor Ty, , through the shield insulation
layer 40 sandwiched by the fourth shield electrode 45 and the
other face of the first channel creation area 34A. The second
shield electrode 43 and the fourth shield electrode 45 are
connected to the common source/drain area 35C which is, as
explained before, an area in which the other source/drain area
of the first sub-transistor Ty, , and the particular source/
drain area of the second sub-transistor T, , overlap each
other. The third shield electrode 44 is connected to the first
(particular) source/drain area 35A of the first sub-transistor
Tsig_1-

f"ﬁe connections and structure of the second shield elec-
trode 43 are the same as those in the second embodiment. On
the other hand, the connections and structure of the third
shield electrode 44 are the same as those in the third embodi-
ment.

The fourth shield electrode 45 is connected to the common
source/drain area 35C of the video-signal write transistor T,
in the same way as the second shield electrode 43. Much like
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the first shield electrode 42, the fourth shield electrode 45 can
also be created by adopting any one of a variety of generally
known methods.

Except for the addition of the second shield electrode 43,
the third shield electrode 44 and the fourth shield electrode 45
which are described above, the component structures/con-
figurations of the organic EL display apparatus according to
the fourth embodiment, the organic EL device 10 employed in
the organic EL display apparatus as the organic EL device
according to the fourth embodiment and the driving circuit
employed in the organic EL device are the same as those of
the first embodiment. In addition, operations carried out by
the driving circuit employed in the organic EL device accord-
ing to the fourth embodiment and a method to operate the
driving circuit are identical with those of the first embodi-
ment. It is thus unnecessary to repeat the description of the
operations and the method.

The configuration of the second sub-transistor T, -inthe
fourth embodiment is identical with the second sub-transistor
T, »in the second embodiment explained before. In addi-
tion, the configuration of the first sub-transistor T,, | in the
fourth embodiment is also identical with the second sub-
transistor Ty, . in the second embodiment. Thus, the degree
to which the threshold voltage of the first sub-transistor T, ,
1s shifted in a direction toward the minus side is relatively low.
Therefore, much like the second embodiment described ear-
lier, it is possible to reduce the amplitude of a signal applied
to the gate electrode of the video-signal write transistor T, to
a value smaller than the amplitude for the first embodiment.

Fifth Embodiment

Each ofa fifth embodiment, sixth to eighth embodiments to
be described later and a tenth embodiment also to be
described later implements an organic EL display apparatus
according to the second embodiment of the present invention
and an organic EL device 10 employed in the organic EL
display apparatus as an organic EL device 10 according to the
second embodiment of the present invention. It is to be noted
that, in order to make it easy to compare the fifth to eighth
embodiments with the first to fourth embodiments respec-
tively, each of the fifth to eighth embodiments is explained by
assuming that each of the driving circuits in these embodi-
ments employs five transistors and one capacitor.

FIG. 2 can also be referred to as a conceptual diagram
showing the organic EL display apparatus according to the
fifth embodiment. FIG. 12 A is a diagram showing an equiva-
lent circuit of a driving circuit employed in the organic EL
device 10 according to the fifth embodiment. FIG. 12B is a
diagram showing a model representing a partial cross section
of a portion including the first-node initialization transistor
Tp, employed in the organic EL device 10 according to the
fifth embodiment. The first-node initialization transistor
Tap, included in the driving circuit employed in the organic
EL device 10 according to the fifth embodiment has the same
structure as the video-signal write transistor Tg,, of the first
embodiment explained before.

As shown in FIG. 12A, in the video-signal write transistor
TSig>

(B-1) a source/drain area provided on a particular side of
the video-signal write transistor T g, as the particular source/
drain area of the transistor T, is connected to one of the data
lines DTL;

(B-2) a source/drain area provided on the other side of the
video-signal write transistor Tg,, as the other source/drain
area of the transistor T;, is connected to the gate electrode of
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the element driving transistor T, and the other electrode of
the capacitor C,, forming a first node ND, ; and

(B-3) the gate electrode of the video-signal write transistor
si 18 connected to one of the scan lines SCL.

Connections of the video-signal write transistor T, in the
sixth to eighth embodiments and the tenth embodiment,
which are to be described later, are the same as the above
connections in the fifth embodiment.

As shown in FIG. 12B, the transistors and the capacitor C,
which compose the driving circuit in the fifth embodiment are
created on a support body 20 whereas the organic EL light
emitting element ELP is created over the transistors and the
capacitor, which are employed in the driving circuit, being
separated from the transistors and the capacitor by an inter-
layer insulation layer 46 or the like. With regard to the cre-
ation of the transistors, the capacitor C, and the organic EL
light emitting element ELP, the sixth to eighth embodiments
and the tenth embodiment, which are to be described later, are
the same as the fifth embodiment. Itis to be noted that each of
the cross section of FIG. 12B as well as cross sections of
FIGS. 13B, 14B and 15B to be described later shows only the
first-node initialization transistor Typ,,. This is because the
transistors other than the first-node initialization transistor
Tap, are provided at hidden locations so that these other
transistors are invisible.

As shown in FIG. 12A, the driving circuit employs the
first-node initialization transistor T, . The first-node initial-
ization transistor T, includes a semiconductor layer 133 as
well as source/drain areas and a channel creation area
between the source/drain areas. The source/drain areas and
the channel creation area are created on the semiconductor
layer 133. As shown in FIGS. 12A and 12B, in the fifth
embodiment, the first-node initialization transistor T, hasa
dual-gate structure which includes a first sub-transistor
Tuyp1 1 and a second sub-transistor Ty, ». The first sub-
transistor T, , includes a first gate electrode 131A, a first
source/drain area 135A and a first channel creation area
134A. By the same token, the second sub-transistor Ty, >
includes a second gate electrode 131B, a second source/drain
area 135B and a second channel creation area 134B. In addi-
tion, the first sub-transistor T, ; and the second sub-tran-
sistor T\, , share a common source/drain area 135C to be
used as a source/drain area common to the first sub-transistor
Tnp1 , and the second sub-transistor Ty, ,. As shown in
FIG. 12B, the first channel creation area 134A is provided
between the first source/drain area 135A and the common
source/drain area 135C whereas the second channel creation
area 134B is provided between the common source/drain area
135C and the second source/drain area 135B. The configura-
tions of the sixth to eighth embodiments to be described later
are identical with the configuration described above as the
configuration of the fifth embodiment.

As shown in FIG. 12B, each of the first source/drain area
135A, the second source/drain area 135B and the common
source/drain area 135C is an area provided on the semicon-
ductor layer 133. The common source/drain area 35C is an
area in which the other source/drain area of the first-node
initialization transistor T,,,, and the particular source/drain
area of the second-node initialization transistor T, overlap
each other. The first (particular) source/drain area 135A of the
first sub-transistor T, | is connected to a first-node initial-
ization voltage supply line PS,,,, which is shown as a wire
138 in FIG. 12B. The second (other) source/drain area 135B
of the second sub-transistor Ty, , is connected to the first
node ND,. To put it more concretely, the second (other)
source/drain area 135B of the second sub-transistor Ty, ,is
connected to the first node ND, which is the other electrode
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36 ofthe capacitor C, as shown in FIG. 12B. Thus, the second
(other) source/drain area 135B of the second sub-transistor
Tapy - 18 also virtually the first node ND,. The first gate
electrode 131A of the first sub-transistor T, | and the
second gate electrode 131B of the second sub-transistor
Tnp1 o are connected a first-node initialization transistor
control line AZ,,,, . The first gate electrode 131A of the first
sub-transistor Ty, | faces a particular face of the first chan-
nel creation area 134A of the first sub-transistor Ty,
through a gate insulation layer 132 sandwiched by the first
gate electrode 131A and the particular face ofthe first channel
creation area 134 A. By the same token, the second gate elec-
trode 131B of the second sub-transistor T, , faces the
particular face of the second channel creation area 134B of
the second sub-transistor Ty, , through the gate insulation
layer 132 sandwiched by the second gate electrode 131B and
the particular face of the second channel creation area 134B.
The description given above as description of the fifth
embodiment also holds true of the sixth to eighth embodi-
ments and the tenth embodiment, which are to be described
later.

The second sub-transistor T,  is provided with a shield
electrode 142 facing the other face of the second channel
creation area 134B of the second sub-transistor Ty, >
through a shield insulation layer 140 sandwiched by the
shield electrode 142 and the other face of the second channel
creation area 134B. The shield electrode 142 is connected to
the second (other) source/drain area 135B of the second sub-
transistor Ty, ,. To put it more concretely, in the fifth
embodiment, an extension from a wire 141 connected to the
second (other) source/drain area 135B is the shield electrode
142. The configurations of the sixth to eighth embodiments to
be described later are identical with the configuration
described above as the configuration of the fifth embodiment.

It is to be noted that that each of the other transistors
including the element driving transistor T,,,,, also has a con-
figuration including a semiconductor layer, a gate insulation
film and a gate electrode in the same way as what is described
above. In addition, each of the other transistors in the sixth to
eighth embodiments and the tenth embodiment, which are to
be described later, has the same configuration as each of the
other transistors in the fifth embodiment.

The capacitor C; employed in the fifth embodiment can be
explained in the same description as the explanation of the
capacitor C, explained before in the description of the first
embodiment except that the gate insulation layer 32 in the
explanation is replaced with a gate insulation layer 132. Thus,
no description of the capacitor C, employed in the fifth
embodiment is given in order to avoid duplications. With
regard to the capacitor C,, each of the sixth to eighth embodi-
ments and the tenth embodiment, which are to be described
later, is the same as the fifth embodiment.

Operations to turn on and off the first-node initialization
transistor T, are controlled by a signal appearing on the
first-node initialization transistor control line AZ,,, con-
nected to the gate electrodes 131A and 131B of the first-node
initialization transistor Ty, . A voltage V for initializing
the first node ND, is applied to the first-node initialization
voltage supply line PS,5,;. This description also holds true of
each of the sixth to eighth embodiments and the tenth embodi-
ment, which are to be described later.

The component structures/configurations of the organic
EL display apparatus according to the fifth embodiment, the
organic EL device 10 employed in the organic EL display
apparatus as the organic EL device according to the fifth
embodiment and the driving circuit employed in the organic
EL device are the same as those of the first embodiment. In
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addition, operations carried out by the driving circuit
employed in the organic EL device according to the fifth
embodiment and a method to operate the driving circuit are
identical with those of the first embodiment. It is thus unnec-
essary to repeat the description of the driving operations and
the driving method in order to avoid duplications. This
description of the fifth embodiment also holds true of each of
the sixth to eighth embodiments and the tenth embodiment,
which are to be described later.

When the first-node initialization transistor T.p,
employed in the driving circuit of the organic EL device
according to the fifth embodiment makes a transition from a
turned-on state to a turned-off state, a phenomenon occurs.
This phenomenon is virtually identical with the phenomenon
described earlier for the video-signal write transistor T, in
the first embodiment. It is to be noted that the first-node
initialization transistor T, put in a turned-on state means
that both the first sub-transistor T, , and the second sub-
transistor Ty, » are in a turned-on state whereas the first-
node initialization transistor Ty, put in a turned-off state
means that at least one of the first sub-transistor T,,,, , and
the second sub-transistor T, , 18 in a turned-off state. That
is to say, an electric potential appearing in the common
source/drain area 135C changes to a potential on the minus
side relative to an electric potential appearing in the first
(particular) source/drain area 135A of the first sub-transistor
Tnp1_; and an electric potential appearing in the other second
(other) source/drain area 135B of the second sub-transistor
Tnp1 »- Thus, in this state, the common source/drain area
135C becomes the source area common to the first sub-tran-
sistor Ty, ; and the second sub-transistor Tyy,; » whereas
the first (particular) source/drain area 135A becomes the
drain area of the first sub-transistor T,,,, ; while the second
(other) source/drain area 135B becomes the drain area of the
second sub-transistor Ty, ».

Therefore, as explained previously in the description of the
first embodiment, the shield electrode 142 attracts carriers,
which are electrons in this case, in the second channel cre-
ation area 134B. As a result, a depletion layer is created in a
portion included in the second channel creation area 134B as
a portion close to the common source/drain area 135C so that
it becomes more difficult for a leak current to flow between
the second channel creation area 134B and the common
source/drain area 135C. As described above, the second chan-
nel creation area 134B is a channel creation area on the side
close to the second (other) source/drain area 135B virtually
forming the firstnode ND, . Thus, electric-potential variations
appearing on the first node ND, as the variations of the
amount of electric charge accumulated in the capacitor C, can
be effectively suppressed.

Since a change caused by the addition of the shield elec-
trode 142 as a change in current-voltage characteristic is the
same as what has been described before by referring to FIG.
7B for the first embodiment, a description of such a change for
the fifth embodiment is not given in order to avoid duplica-
tions.

The video-signal write transistor Tg,, employed in the
organic EL device shown in FIG. 12A is designed as a tran-
sistor having a single-gate structure. Itis to be noted, however,
that the video-signal write transistor Ty, does not have to be
designed as a transistor having a single-gate structure. That is
to say, the video-signal write transistor T, employed in the
organic EL device according to the fifth embodiment can also
be designed as a transistor having a dual-gate structure much
like the first to fourth embodiments. The video-signal write
transistor Tg;, employed in the organic EL device according
to each of the sixth, seventh, eighth and tenth embodiments to
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be explained later by referring to FIGS. 13A to 15B and 31
respectively can also be designed as a transistor having a
dual-gate structure much like the first to fourth embodiments.

Sixth Embodiment

The sixth embodiment also implements an organic EL
display apparatus according to the second embodiment of the
present invention and an organic EL device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the second embodiment of the present invention.

FIG. 2 can also be referred to as a conceptual diagram
showing the organic EL display apparatus according to the
sixth embodiment. FIG. 13A is a diagram showing an equiva-
lent circuit of a driving circuit employed in the organic EL
device 10 according to the sixth embodiment. FIG. 13B is a
diagram showing a model representing a partial cross section
of a portion including the first-node initialization transistor
Typ, employed in the organic EL device 10 according to the
sixth embodiment. The first-node initialization transistor
Tp, included in the driving circuit employed in the organic
EL device 10 according to the sixth embodiment has the same
structure as the video-signal write transistor Ty, of the sec-
ond embodiment explained before.

As shown in FIGS. 13A and 13B, in the case of the sixth
embodiment, the second sub-transistor Ty, , is provided
with the shield electrode 142 of the fifth embodiment
described earlier as well as a second shield electrode 143
facing the other face of the second channel creation area 134B
of the second sub-transistor Ty, , through the shield insu-
lation layer 140 sandwiched by the second shield electrode
143 and the other face of the second channel creation area
134B. In order to distinguish the shield electrode 142 and the
second shield electrode 143 from each other, in the following
description, the shield electrode 142 is also referred to as a
first shield electrode 142. The second shield electrode 143 is
connected to the common source/drain area 135C through a
contact hole created by boring the shield insulation layer 140.
As explained before, the common source/drain area 135C is
an area in which the other source/drain area of the first sub-
transistor Ty, ; and the particular source/drain area of the
second sub-transistor T, , overlap each other. Much like
the first shield electrode 142, the second shield electrode 143
can also be created by adopting any one of a variety of
generally known methods.

Inthe case ofthe sixth embodiment, in addition to the effect
of the first shield electrode 142 also included in the fifth
embodiment, the second shield electrode 143 connected to
the common source/drain area 135C also has an effect on the
second channel creation area 134B. As described above, in a
turned-off state, an electric potential appearing on the com-
mon source/drain area 135C is lower than an electric potential
appearing on the first shield electrode 142. Thus, in compari-
son with the fifth embodiment, the degree to which the thresh-
old voltage of the second sub-transistor Ty, »is shiftedina
direction toward the minus side is relatively low much like the
second embodiment. As a result, much like the second
embodiment, the absolute value of a voltage to be applied to
the second gate electrode 131B in order to put the second
sub-transistor Ty, 5 ina turned-off state is smaller than that
of the fifth embodiment. That is to say, it is possible to reduce
the amplitude of a signal applied to the gate electrode of the
first-node initialization transistor T,,,,, to a value smaller than
the amplitude for the fifth embodiment.

Sig

Seventh Embodiment

A seventh embodiment also implements an organic EL
display apparatus according to the second embodiment of the
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present invention and an organic EL device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the second embodiment of the present invention.

FIG. 2 can also be referred to as a conceptual diagram
showing the organic EL display apparatus according to the
seventh embodiment. FIG. 14A is a diagram showing an
equivalent circuit of a driving circuit employed in the organic
EL device 10 according to the seventh embodiment. FIG. 14B
is a diagram showing a model representing a partial cross
section of a portion including the first-node initialization
transistor T,,,, employed in the organic EL. device 10 accord-
ing to the seventh embodiment. The first-node initialization
transistor T, included in the driving circuit employed in the
organic EL device 10 according to the seventh embodiment
has the same structure as the video-signal write transistor T
of the third embodiment explained before.

As shown in FIGS. 14A and 14B, the seventh embodiment
1s different from the fifth embodiment in that, in the case of
the seventh embodiment, in addition to the first shield elec-
trode 142 employed in the fifth embodiment, the first sub-
transistor T, | is further provided with a third shield elec-
trode 144 facing the other face of the first channel creation
area 134A of the firstsub-transistor T, , through the shield
insulation layer 140 sandwiched by the third shield electrode
144 and the other face of the first channel creation area 134A.
The third shield electrode 144 is connected to the first (par-
ticular) source/drain area 135A of the first sub-transistor
Tuypi_ ;- To put it more concretely, in the seventh embodi-
ment, an extension from the wire 138 connected to the first
(particular) source/drain area 135A is the third shield elec-
trode 144. Much like the first shield electrode 142, the third
shield electrode 144 can also be created by adopting any one
of a variety of generally known methods.

In addition to the effect exhibited by the fifth embodiment
as explained previously, much like the third embodiment
described above, in the case of the seventh embodiment, the
third shield electrode 144 also has the same effect on the first
channel creation area 134A as the effect described before by
referring to FIGS. 7A and 7B as the effect demonstrated by
the first embodiment. Thus, a depletion layer is created also in
aportion included in the first channel creation area 134A as a
portion close to the common source/drain area 135C so that it
becomes more difficult for a leak current to flow between the
first channel creation area 134A and the common source/
drain area 135C.

If an electric potential appearing in the common source/
drain area 135C changes due to, among others, a leak current
flowing through the first channel creation area 134A as is the
case of the third embodiment, the effect of the change in
electric potential will become eventually an effect on an elec-
tric potential appearing on the first node ND,. In the case of
the seventh embodiment, however, the magnitude of the leak
current is decreased. Thus, the effect can also be suppressed
as well.

Sig

Eighth Embodiment

An eighth embodiment also implements an organic EL
display apparatus according to the second embodiment of the
present invention and an organic EL device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the second embodiment of the present invention.

FIG. 2 can also be referred to as a conceptual diagram
showing the organic EL display apparatus according to the
eighth embodiment. FIG. 15A is a diagram showing an
equivalent circuit of a driving circuit employed in the organic
EL device 10 according to the eighth embodiment. FIG. 15B
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is a diagram showing a model representing a partial cross
section of a portion including the first-node initialization
transistor T,,,, employed in the organic EL device 10 accord-
ing to the eighth embodiment. The first-node initialization
transistor T, included in the driving circuit employed in the
organic EL device 10 according to the eighth embodiment has
the same structure as the video-signal write transistor Tg,, of
the fourth embodiment explained before.

As shown in FIGS. 15A and 15B, in the case of the eighth
embodiment, the second sub-transistor Ty, , is provided
with the first shield electrode 142 in the same way as the fifth
embodiment described earlier as well as a second shield elec-
trode 143 also facing the other face of the second channel
creation area 134B of the second sub-transistor T, »
through the shield insulation layer 140 sandwiched by the
second shield electrode 143 and the other face of the second
channel creation area 134B. In addition, the first sub-transis-
tor Trp, ;18 provided with the third shield electrode 144 of
the seventh embodiment and a fourth shield electrode 145
also facing the other face of the first channel creation area
134A of the first sub-transistor T,,,, ; through the shield
insulation layer 140 sandwiched by the fourth shield elec-
trode 145 and the other face of the first channel creation area
134A. The second shield electrode 143 and the fourth shield
electrode 145 are connected to the common source/drain area
135C which is, as explained before, an area in which the other
source/drain area of the first sub-transistor T,,,, , and the
particular source/drain area of the second sub-transistor
Typ1 2 overlap each other. The third shield electrode 144 is
connected to the first (particular) source/drain area 135A of
the first sub-transistor T, .

The connections and structure of the second shield elec-
trode 143 are the same as those in the sixth embodiment. On
the other hand, the connections and structure of the third
shield electrode 144 are the same as those in the seventh
embodiment.

The fourth shield electrode 145 is connected to the com-
mon source/drain area 135C of the first-node initialization
transistor T,,; in the same way as the second shield electrode
143. Much like the first shield electrode 142, the fourth shield
electrode 145 can also be created by adopting any one of a
variety of generally known methods.

The configuration of the second sub-transistor Ty, , in
the eighth embodiment is identical with the second sub-tran-
sistor Ty, , in the sixth embodiment explained before. In
addition, the configuration of the first sub-transistor Ty,
in the eighth embodiment is also identical with the second
sub-transistor Ty, 5 in the sixth embodiment. Thus, the
degree to which the threshold voltage of the first sub-transis-
tor Typ, ; 1s shifted in a direction toward the minus side is
relatively low. Therefore, much like the second embodiment
described earlier, it is possible to reduce the amplitude of a
signal applied to the gate electrode of the first-node initial-
ization transistor T,,,, to a value smaller than the amplitude
for the fifth embodiment.

Ninth Embodiment

The ninth embodiment implements a variety of modified
versions of the organic EL display apparatus according to the
first embodiment of the present invention and a variety of
modified versions of the organic EL, device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the first embodiment of the present invention.

As explained previously, the driving circuit employed in
the organic EL device according to each of the first to fourth
embodiments has five transistors and one capacitor. FIG. 16 is
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a diagram showing a typical configuration of an equivalent
circuit of a first modified version of the driving circuit. As
shown in the figure, the first modified version employs four
transistors and one capacitor. FIG. 21 is a diagram showing a
typical configuration of an equivalent circuit of a second
modified version employing three transistors and one capaci-
tor. FIG. 26 is a diagram showing a typical configuration of an
equivalent circuit of a third modified version employing two
transistors and one capacitor.

In the driving circuit employed in each of these modified
versions, the video-signal write transistor Ty, can be
designed into the same structure as the structure of the video-
signal write transistor Tg,, in each of the first to fourth
embodiments. In order to make the explanation simple, how-
ever, in the equivalent circuit of each of the first, second and
third modified versions shown in FIGS. 16, 21 and 26, the
video-signal write transistor Tg,, is designed into the same
structure as the structure of the video-signal write transistor
Ts,, in the first embodiment. Nevertheless, the video-signal
write transistor T, in each of the modified versions does not
have to be designed into the same structure as the structure of
the video-signal write transistor T, in the first embodiment.
As described before, the video-signal write transistor T, in
the first embodiment has a shield electrode on a side close to
the first node ND,.

First Modified Version Implementing a 4Tr/1C Driving Cir-
cuit

FIG. 16 is a diagram showing a typical configuration of an
equivalent circuit of the first modified version, which is a
4Tr/1C driving circuit employing four transistors and one
capacitor. FIG. 17 is a conceptual diagram showing an
organic EL display apparatus employing the 4Tr/1C driving
circuits whereas FIG. 18 shows timing charts of the 4Tr/1C
driving circuit. Each of FIGS. 19A to 19D and 20A to 20D
shows a model of turned-on and turned-off states of the tran-
sistors employed in the 4Tr/ 1 C driving circuit. Itis to be noted
that, in FIGS. 19A to 19D and FIGS. 20A to 20D, for the sake
of convenience, all the transistors except the element driving
transistor T, are each shown as a single switch without
regard to whether each of the transistors is designed as a
transistor having a single-gate structure or a dual-gate struc-
ture.

The 4Tr/1C driving circuit does not include the first-node
initialization transistor T, . That is to say, in addition to a
capacitor C,, the configuration of the 4Tr/1C driving circuit
includes four transistors, i.e., a video-signal write transistor
T, the element driving transistor Tp,,, a light-emission
control transistor T, ~andasecond-nodeinitialization tran-
sistor Tyyps,.

Light-Emission Control Transistor Ty,

Since the configuration of the light-emission control tran-
sistor Tg; - employed in the 4Tt/1C driving circuit is the
same as the light-emission control transistor T, . explained
before in the description of the first embodiment, no detailed
description of the light-emission control transistor Tz,
employed in the 4Tr/1C driving circuit is given in order to
avoid duplications.

Element Driving Transistor T,,.,

Since the configuration of the element driving transistor
T,, employed in the 4Tr/1C driving circuit is the same as the
element driving transistor T, , explained before in the
description of the first embodiment, no detailed description of
the element driving transistor T, employed in the 4Tr/1C
driving circuit is given in order to avoid duplications.
Second-Node Initialization Transistor Ty,

Since the configuration of the second-node initialization
transistor Tp, employed in the 4Tr/1C driving circuit is the
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same as the second-node initialization transistor Ty,
explained before in the description of the first embodiment,
no detailed description of the second-node initialization tran-
sistor T, employed in the 4Tr/1C driving circuit is given in
order to avoid duplications.

Video-Signal Write Transistor Tg,,

Since the configuration of the video-signal write transistor
Ts,, employed in the 4Tt/1C driving circuit is the same as the
video-signal write transistor Ty, explained before in the
description of the first embodiment, no detailed description of
the video-signal write transistor T, employed in the 4Tt/1C
driving circuit is given in order to avoid duplications. As
explained previously in the description of the first embodi-
ment, the particular source/drain area of the video-signal
write transistor Ty, is connected to a data line DTL. In the
case of the 4Tr/1C driving circuit, however, the video-signal
outpuiting circuit 102 supplies not only the voltage V., for
controlling the luminance of the organic EL light emitting
element ELP, but also the voltage V ., for initializing the gate
electrode of the element driving transistor T 5, , to the particu-
lar source/drain area of the video-signal write transistor Tg,,
through the data line DTL. The fact that the video-signal
outputting circuit 102 supplies two different signals to the
video-signal write transistor T, causes the video-signal
write transistor Ty, to operate differently from the video-
signal write transistor T,  explained before in the description
of'the firstembodiment. It is to be noted that, in addition to the
voltage Vg, and the voltage V 4, the video-signal outputting
circuit 102 may also supply a variety of signals and voltages
to the particular source/drain area of the video-signal write
transistor Tg,, through the data line DTL. The signals and
voltages other than the voltage V ,_ include a signal for pre-
charge driving.

Organic EL Light Emitting Element ELP

Since the configuration of the organic EL light emitting
element ELP employed in the 4Tr/1C driving circuit is the
same as the organic EL light emitting element ELP explained
before in the description of the first embodiment, no detailed
description of the organic EL light emitting element ELP
employed in the 4Tr/1C driving circuit is given in order to
avoid duplications.

Operations of the 4Tr/1C driving circuit are described as
follows.

Period TP(4)_, (With Reference to FIGS. 18 and 19A)

An operation carried out in a period TP4)_, is, for
example, an operation performed in the immediately preced-
ing display frame. The operation is the same as the operation
carried out in the period TP(5)_; explained previously in the
description of the first embodiment.

A period TP(4), to a period TP(4),, which are shown in
FIG. 18, correspond respectively to the period TP(5), to the
period TP(5),, which are shown in FIG. 4. These periods form
a sequerice of periods allocated to a sequence of operations
ending with an operation to be carried out immediately prior
to the next signal write process. The operations performed in
the period TP(4), to the period TP(4), are identical with those
carried out by the first embodiment. To put it concretely, in the
period TP(4),, the (n, m)th organic EL. device 10 is as a rule in
ano-light emission state. However, the operations carried out
by the first modified version are different from those per-
formed by the first embodiment in that, in the case of the first
modified version, in the operations carried out by the 4Tr/1C
driving circuit, the period TP(4)5 and the period TP(4), as
well as the period TP(4), to the period TP(4),, are included in
the mth horizontal scan period as shown in FIG. 18. It is to be
noted that, in order to make the following explanation simple,
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the start of the period TP(4), and the end of the period TP(4),
coincide with the start and end of the mth horizontal scan
period respectively.

Each of the period TP(4),, to the period TP(4), is explained
as follows. It is to be noted that, as explained before in the
description of the first embodiment, the start of the period
TP(4), and the length of each of the periods TP(4), to TP(4),
can be properly set in accordance with the design of the
organic EL display apparatus.

Period TP4),

The period TP(4),, is a period allocated, for example, to an
operation carried out for the current display frame. The opera-
tions are virtually identical with the operations carried out in
the period TP(5), explained before in the description of the
first embodiment.

Period TP(4), (With Reference to FIG. 19B)

The period TP(4), corresponds to the period TP(5),
explained before in the description of the first embodiment. In
the period TP(4),. pre-processing for execution of a thresh-
old-voltage cancel process to be described later is carried out.
That is to say, at the start of the period TP(4),, the second-
node initialization transistor control circuit 105 is driven in
order to set a second-node initialization transistor control line
AZ,r at a high level putting the second-node initialization
transistor Ty, in a turned-on state. As a result, an electric
potential appearing on the second node ND, becomes the
voltage Vo which is =10 volts, for example. In addition, an
electric potential appearing on the first node ND,, which is in
a floating state, serving as the gate electrode of the element
driving transistor T,,,, also goes down to follow a drop of an
electric potential appearing on the second node ND,,. It is to
be noted that the electric potential appearing on the first node
ND, during the period TP(4), is affected by the electric poten-
tial appearing on the first node ND, during the period TP(4)_,
and the electric potential appearing on the first node ND,
during the period TP(4)_, is determined by the magnitude of
the voltage Vi, generated in the immediately preceding
frame. Thus, the electric potential appearing on the first node
ND, during the period TP(4), is not a constant level.

Period TP(4), (With Reference to FIG. 19C)

Then, in the following period TP(4),, the video-signal out-
putting circuit 102 is driven in order to set an electric potential
appearing on the data line DTL at the voltage V o of 0 volts,
for example, whereas the scan circuit 101 is driven in order to
set an electric potential appearing on the scan line SCL at a
high level so as to put the video-signal write transistor T, in
a turned-on state. As a result, the electric potential appearing
on the first node ND, becomes equal to the voltage V , 0f 0
volts, for example. On the other hand, the electric potential
appearing on the second node ND, is sustained at the voltage
Vgcof-10volts, for example. Subsequently, the second-node
initialization transistor control circuit 105 is driven in order to
set a second-node initialization transistor control line AZ ;5
at a low level so as to put the second-node initialization
transistor Ty, in a turned-off state.

It is to be noted that, at the same time as the start of the
period TP(4), or at a point in the period TP(4),, the video-
signal write transistor T, can be put in a turned-on state.

As aresult of the operations described above, a difference
in electric potential between the gate electrode of the element
driving transistor T, and the source area of the element
driving transistor T, is set at a voltage at least equal to the
threshold voltage V,,, of the element driving transistor Tp,,,,
putting the element driving transistor T, in a turned-on
state.
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Period TP(4), (With Reference to FIG. 19D)

Then, during the following period TP(4),, a threshold-
voltage cancel process is carried out. That is to say, with the
turned-on state of the video-signal write transistor T, sus-
tained as it is, the light-emission control transistor control
circuit 103 is driven in order to raise a light-emission control
transistor control line CLg; . to a high level. The light-
emission control transistor control line CL; .. raised to a
high level puts the light-emission control transistor T, ~in
a turned-on state. As a result, an electric potential appearing
on the second node ND, changes in a direction to an electric
potential equal to a difference obtained as a result of subtract-
ing the threshold voltage V,,, of the element driving transistor
Tp,,, from an electric potential appearing on the first node
ND, even though an electric potential appearing on the first
nodeND, does not change, being sustained at the voltage V
of O volts. That is to say, an electric potential appearing on the
second node ND,, which is in a floating state, rises. Then, as
the difference in electric potential between the gate electrode
of the element driving transistor T, ,, and the source area of
the element driving transistor T,,,, reaches the threshold volt-
age V,,, of the element driving transistor T, ,, the element
driving transistor T, is put in a turned-off state. To put it
more concretely, the electric potential appearing on the sec-
ond node ND,, which is in a floating state, approaches a
voltage difference of (V 4~V ,)==3 volts and eventually
becomes equal to the voltage difference of (V ,4,~V ;). In this
case, if the validity of Eq. (2) given earlier is assured or, in
other words, if an electric potential satisfying Eq. (2) is
selected and determined in advance, the organic EL light
emitting element ELP never emits light.

In the period TP(4),, the electric potential appearing on the
second node ND, eventually becomes equal to the voltage
difference of (V 54,~V ;). That is to say, the electric potential
appearing on the second node ND, is determined, depending
on only the threshold voltage V,, of the element driving tran-
sistor T, and the voltage V . used for initializing the gate
electrode of the element driving transistor T,,,. In other
words, the electric potential appearing on the second node
ND, is not dependent on the threshold voltage V, ; of the
organic EL light emitting element ELP.

Period TP(4), (With Reference to FIG. 20A)

In the following period TP(4),, with the turned-on state of
the video-signal write transistor Tg;, sustained as it is, the
light-emission control transistor control circuit 103 is driven
in order to set the light-emission control transistor control line
CL;; catalow level so as to put the light-emission control
transistor T, . in a turned-off state. As a result, the electric
potential appearing on the first node ND, does not change but
is sustained at the voltage V4 of 0 volts and the electric
potential appearing on the second node ND, in a floating state
also virtually does not change but is sustained at the voltage
difference of (V,4~V,,) which is -3 volts. In actuality, the
electric potential appearing on the second node ND, in a
floating state changes due to a coupling effect of the parasitic
capacitance C,, between the gate electrode of the element
driving transistor Tp,, and the source area of the element
driving transistor T, or the like. Nevertheless, the change of
the electric potential appearing on the second node ND, can
be normally ignored.

Next, each of a period TP(4); to a period TP(4), is
described. Operations carried out in the period TP(4); to a
period TP(4), are essentially identical with those performed
in the period TP(5)s to the period TP(5),, which have been
explained previously in the description of the first embodi-
ment.
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Period TP(4), (With Reference to FIG. 20B)

In the following period TP(4)s, a signal write operation for
the element driving transistor Tp,, is carried out. To put it
more concretely, with the turned-on state of the video-signal
write transistor Ty, as well the turned-off states of the sec-
ond-node initialization transistor T, and the light-emission
control transistor T,, .. sustained as they are, the video-
signal outputting circuit 102 is driven in order to change an
electric potential appearing on the data line DTL from the
voltage V o 10 the video signal Vg, used for controlling the
luminance of the organic EL light emitting element ELP. As a
result, the electric potential appearing on the first node ND,
rises to the voltage V.. It is to be noted that the video-signal
write transistor T, can also be turned off once. Then, with
the turned-off states of the video-signal write transistor Ty,
the second-node initialization transistor Ty, and the light-
emission control transistor Tz;  sustained as they are, the
video-signal outputting circuit 102 is driven in order to
change an electric potential appearing on the data line DTL to
the video signal Vg, used for controlling the luminance of the
organic EL light emitting element ELP. Subsequently, with
the turned-off states of second-node initialization transistor
Tape and the light-emission control transistor Tz, . sus-
tained as they are, the scan line SCL is set at a high level in
order to put the video-signal write transistor Tg,, back in a
turned-on state.

Thus, as explained before in the description of the first
embodiment, a value expressed by Eq. (3) given before can be
obtained as a difference V,, in electric potential between the
first node ND, serving as the gate electrode of the element
driving transistor T, and the second node ND, serving as
the source area of the element driving transistor Tp,,,..

That is to say, also in the case of the 4Tr/1C driving circuit,
the electric-potential difference V , obtained as a result of the
signal write process carried out for the element driving tran-
sistor T, is dependent on only the voltage Vg, for control-
ling the luminance of the organic EL light emitting element
ELP, the threshold voltage V , of the element driving transis-
tor Tp,, and the voltage V ,; for initializing the gate electrode
of the element driving transistor T, .. In addition, the elec-
tric-potential difference V, is not dependent on the threshold
voltage V, . of the organic EL light emitting element ELP.
Period TP(4), (With Reference to FIG. 20C)

In the following period TP(4),, a mobility correction pro-
cess 1s carried out. The mobility correction process is a pro-
cess for correcting the electric potential appearing on the
second node ND, serving as the source area of the element
driving transistor T, on the basis of the magnitude of the
mobility p of the element driving transistor T, . To put it
more concretely, the mobility correction process is identical
with the process carried out in the period TP(5), explained
before in the description of the first embodiment. In addition,
itis nice to determine the entire length to of the period TP(4),
which is the period of time it takes to carry out the mobility
correction process, as adesign value in advance when design-
ing the organic EL display apparatus.

Period TP(4), (With Reference to FIG. 20D)

At the end of the execution of the operations described
above, the threshold-voltage cancel process, the signal write
process and the mobility correction process are completed.
Then, the same process as the process carried out in the period
TP(5), explained before in the description of the first embodi-
ment is carried out. As a result, an electric potential appearing
on the second node ND, rises, exceeding a level of (V,,_, +
V_..) Thus, the organic EL light emitting element ELP starts
emission of light. At that time, a drain current I, flowing
through the organic EL light emitting element ELP can be
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expressed by Eq. (5). Thus, the drain current I, flowing
through the organic EL light emitting element ELP does not
depend on the threshold voltage V., ., of the organic EL light
emitting element ELP and the threshold voltage V,, of the
element driving transistor T ,,,. That is to say, the luminance
exhibited by the organic EL light emitting element ELP as a
quantity representing the amount of light emitted by the
organic EL light emitting element ELP is not affected by the
threshold voltage V,, ., of the organic EL light emitting
element ELP and the threshold voltage V,, of the element
driving transistor T ,,,. On top of that, it is possible to avoid
generation of current variations caused by variations of the
mobility p of the element driving transistor T 5, as variations
of the drain current I ;..

The light-emission state of the organic EL light emitting
element ELP is sustained continuously till the (m+m'-1)th
horizontal scan period. That is to say, the light-emission state
of the organic EL light emitting element ELP is terminated at
the end of the period TP(4)_, .

At the end of the period TP(4)_,, the (n, m)th sub-pixel
serving as a organic ELdevice 10 completes the light emitting
operation.

Next, a 3Tr/1C driving circuit is explained.

Second Modified Version Implementing a 3Tr/1C Driving
Circuit

FIG. 21 is a diagram showing a typical configuration of an
equivalent circuit of the second modified version, which is a
3Tr/1C driving circuit employing three transistors and one
capacitor. FIG. 22 is a conceptual diagram showing an
organic EL display apparatus employing the 3Tr/1C driving
circuits whereas FIG. 23 shows timing charts of the 3Tr/1C
driving circuit. Each of FIGS. 24A to 24D and 25A to 25E
shows a model of turned-on and turned-off states of the tran-
sistors employed in the 3Tr/1C driving circuit. Itis to benoted
that, in FIGS. 24A to 24D and FIGS. 25A to 25E, for the sake
of convenience, all the transistors except the element driving
transistor Tp,,, are each shown as a single switch without
regard to whether each of the transistors is designed as a
transistor having a single-gate structure or a dual-gate struc-
ture.

The 3Tr/1C driving circuit does not include two transistors,
i.e., the first-node initialization transistor T, and the sec-
ond-node initialization transistor Ty, That is to say, in
addition to a capacitor C,, the configuration of the 3Tr/1C
driving circuit includes three transistors, i.e., a video-signal
write transistor T, the element driving transistor T;,,, and a
light-emission control transistor T; .

Light-Emission Control Transistor T,;

Since the configuration of the light-emission control tran-
sistor Tg; . employed in the 3Tt/1C driving circuit is the
same as the light-emission control transistor T, - explained
before in the description of the first embodiment, no detailed
description of the light-emission control transistor Tz,
employed in the 3Tr/1C driving circuit is given in order to
avoid duplications.

Element Driving Transistor T,

Since the configuration of the element driving transistor
Tp,, employed in the 3Tr/1C driving circuit is the same as the
element driving transistor Tp,, explained before in the
description of the first embodiment, no detailed description of
the element driving transistor T, employed in the 3Tr/1C
driving circuit is given in order to avoid duplications.
Video-Signal Write Transistor T,

Since the configuration of the video-signal write transistor
T, employed in the 3Tx/1C driving circuit is the same as the
video-signal write transistor Ty, explained before in the
description of the first embodiment, no detailed description of
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the video-signal write transistor T, employed in the 3T+/1C
driving circuit is given in order to avoid duplications. As
explained previously in the description of the first embodi-
ment, the particular source/drain area of the video-signal
write transistor T, is connected to a data line DTL. In the
case of the 3Tr/1C driving circuit, however, the video-signal
outpuiting circuit 102 supplies not only the voltage Vi, for
controlling the luminance of the organic EL light emitting
element ELP, but also voltages V. ; and V ., for initial-
izing the gate electrode of the element driving transistor T,,,,
to the particular source/drain area of the video-signal write
transistor Tg;, through the data line DTL. The fact that the
video-signal outputting circuit 102 supplies three different
signals to the video-signal write transistor T, causes the
video-signal write transistor T, to operate differently from
the video-signal write transistor T ;,, explained before in the
description of the first embodiment. It is to be noted that, in
addition to the voltage V ., the V. ; and the voltage V o5 4,
the video-signal outputting circuit 102 may also supply a
variety of signals and voltages to the particular source/drain
area of the video-signal write transistor T, through the data
line DTL. The signals and voltages other than the voltage Vg,
include a signal for pre-charge driving. Typical magnitudes of
the voltages V o ; and Vo are given as follows:

Vog-r=about 30 volts

Vogs-z=about 0 volts

It is to be noted, however, that the magnitudes of the volt-
age 'V, ; and the voltage V. ;- are by no means limited to
the above typical values.

Relations Between the Parasitic Capacitance Cy; and the
Capacitance ¢, of the Capacitor C,

As will be described later, in the 3Tr/1C driving circuit, it
is necessary to change an electric potential appearing on the
second node ND, by making use of the data line DTL. The
driving circuit employed in the organic EL device according
to the first embodiment and the 4Tr/1C driving circuit are
described previously by assuming that the magnitude Cy,; of
the parasitic capacitance C, of the organic EL light emitting
element ELP is adequately large in comparison with the
capacitance ¢, of the capacitor C, as well as the magnitude ¢,
of the parasitic capacitance C,, between the gate electrode of
the element driving transistor T, and source area of the
element driving transistor T, and by not considering elec-
tric-potential changes caused by a change (V5,,~V 55) of an
electric potential appearing on the first node ND, functioning
as the gate electrode of the element driving transistor Tp,,,, as
changes of an electric potential appearing on the second node
ND, which serves as the source area of the element driving
transistor T 5,,,. In the case of the 3Tr/1C driving circuit, on the
other hand, the capacitance ¢, of the capacitor C, is set as a
design value greater than those of the driving circuit
employed in the organic EL device according to the first
embodiment and the 4Tr/1C driving circuit. For example, the
capacitance ¢, of the capacitor C, employed in the 3Tr/1C
driving circuit is set at a value equal to about ¥4 to '3 times the
magnitude C,; of the parasitic capacitance Cg;. Thus, in
comparison with the driving circuit employed in the organic
EL device according to the first embodiment and the 4Tr/1C
driving circuit, in the 3Tr/1C driving circuit, the electric
potential appearing on the second node ND, serving as the
source area of the element driving transistor T,  changes to
a high degree due to changes of the electric potential appear-
ing on the first node ND, functioning as the gate electrode of
the element driving transistor T,,,. For this reason, the 3Tt/
1C driving circuit is explained below by deliberately consid-
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ering electric-potential changes caused by changes of the
electric potential appearing on the first node ND, as changes
of the electric potential appearing on the second node ND,. Tt
is to be noted that timing charts are shown in FIG. 23 by also
deliberately considering electric-potential changes caused by
changes of the electric potential appearing on the first node
ND, as changes of the electric potential appearing on the
second node ND,.

Organic EL Light Emitting Flement ELP

Since the configuration of the organic EL light emitting
element ELP employed in the 3Tr/1C driving circuit is the
same as the organic EL light emitting element ELP explained
before in the description of the first embodiment, no detailed
description of the organic EL light emitting element ELP
employed in the 3Tr/1C driving circuit is given in order to
avoid duplications.

Operations of the 3Tr/1C driving circuit are described as
follows.

Period TP(3)_, (With Reference to FIGS. 23 and 24A)

An operation carried out in a period TP(3)_, is, for
example, an operation performed in the immediately preced-
ing display frame. Virtually, the operation is the same as the
operation carried out in the period TP(5)_, explained previ-
ously in the description of the first embodiment.

A period TP(3), to a period TP(3),, which are shown in
FIG. 23, correspond respectively to the period TP(5), to the
period TP(5),, which are shown in FIG. 4. These periods form
a sequerce of periods allocated to a sequence of operations
ending with an operation to be carried out immediately prior
to the next signal write process. The operations performed in
the period TP(3), to the period TP(3), are identical with those
carried out by the first embodiment. To put it concretely, in the
period TP(3),, the (n, m)th organic EL device 10 is as a rule in
ano-light emission state. However, the operations carried out
by the 3Tr/1C driving circuit serving as the second modified
version are different from those performed by the first
embodiment in that, in the case of the second modified ver-
sion, in the operations carried out by the 3Tr/1C driving
circuit, the period TP(3); and the period TP(3)4 as well as the
period TP(3), to the period TP(3), are included in the mth
horizontal scan period as shown in FIG. 23. It is to be noted
that, in order to make the following explanation simple, the
start of the period TP(3), and the end of the period TP(3)4
coincide with the start and end of the mth horizontal scan
period respectively.

Each of the period TP(3), to the period TP(3),, is explained
as follows. It is to be noted that, as explained before in the
description of the first embodiment, the length of each of the
periods TP(3), to TP(3), can be properly set in accordance
with the design of the organic EL display apparatus.

Period TP(3), (With Reference to FIG. 24B)

The period TP(3), is a period allocated to, for example,
operations carried out for the immediately preceding display
frame and the current display frame. The operations are vir-
tually identical with the operations carried out in the period
TP(5), explained before in the description of the first embodi-
ment.

Period TP(3), (With Reference to FIG. 24C)

Then, in the next period TP(3),, the horizontal scan period
of the mth row on the current display frame is started. At the
beginning of the period TP(3),, the video-signal outputting
circuit 102 is driven in order to generate an electric potential
on the data line DTL as a voltage V ;_z; used for initializing
the gate electrode of the element driving transistor Tj,,.,.
Then, the scan circuit 101 is driven in order to set the scan line
SCL at a high level so as to put the video-signal write tran-
sistor T, inaturned-on state. As aresult, an electric potential
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appearing on the first node ND, becomes equal to the voltage
Vorg- As explained previously, the capacitance ¢, of the
capacitor C, is set as a design value greater than those of the
other driving circuits. Thus, anelectric potential appearing on
the second node ND, serving as the source area of the element
driving transistor T,,,,, rises. Then, a difference in electric
potential between the terminals of the organic EL light emit-
ting element ELP exceeds the threshold voltage V,;, ; ofthe
organic EL light emitting element ELP, putting the organic
EL light emitting element ELP in a conductive state. How-
ever, the electric potential appearing on the second node ND,
serving as the source area of the element driving transistor
T, again drops immediately to avoltage of (V 5, g, +V o). It
is to be noted that, in this process, the organic EL light
emitting element ELP may emit light but, since the light
emission is instantaneous, no problem is raised. In the mean
time, an electric potential appearing on the gate electrode of
the element driving transistor T, ,, is sustained at the voltage
Voum
Period TP(3), (With Reference to FIG. 24D)

Then, inthe next period TP(3),, the video-signal outputting
circuit 102 is driven in order to change an electric potential
appearing on the data line DTL from the voltage V , 5, used
for initializing the gate electrode of the element driving tran-
sistor Tp,, to a voltage V ;. Then, an electric potential
appearing on the first node ND, becomes V ;. As a result,
an electric potential appearing on the first node ND, drops,
causing an electric potential appearing on the second node
ND, also to go down as well. That is to say, an electric charge
based on the change (V 55, =V 4z 0f the electric potential
appearing on the gate electrode of the element driving tran-
sistor T, 1s distributed to the capacitance ¢, of the capacitor
C,, the parasitic capacitance Cr; of the organic EL light
emitting element ELP and the parasitic capacitance C,
between the gate electrode of the element driving transistor
T,,, and the source area of the element driving transistor
Tp,,- It is to be noted that, as a prerequisite of an operation to
be carried out in a period TP(3); to be described later, the
electric potential appearing on the second node ND, shall be
lower than the voltage difference (V4 ;-V,,) at the end of
the period TP(3),. The voltage V 5, and the other voltages
are setin advance at values that satisfy the condition set as this
prerequisite. That is to say, by carrying out the operation
described above, the difference in electric potential between
the gate electrode of the element driving transistor T, and
the source area of the element driving transistor T, becomes
at least equal to the threshold voltage V,, of the element
driving transistor T ,,,, putting the element driving transistor
Ty, n a turned-on state.

Period TP(3), (With Reference to FIG. 25A)

Then, during the following period TP(3),, a threshold-
voltage cancel process is carried out. That is to say, with the
turned-on state of the video-signal write transistor T, sus-
tained as it is, the light-emission control transistor control
circuit 103 is driven in order to raise a light-emission control
transistor control line CL,, . to a high level. The light-
emission contro] transistor control line CL;; . raised to a
high level puts the light-emission control transistor T, . in
a turned-on state. As a result, an electric potential appearing
on the second node ND, changes in a direction to an electric
potential equal to a difference obtained as aresult of subtract-
ing the threshold voltage V,, of the element driving transistor
T,,, from an electric potential appearing on the first node
ND, even though an electric potential appearing on the first
node ND, does not change, being sustained at the voltage
Vo2 0f 0 volts. That s to say, an electric potential appearing
on the second node ND,, which is in a floating state, rises.
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Then, as the difference in electric potential between the gate
electrode of the element driving transistor T, and the source
area of the element driving transistor T, reaches the thresh-
old voltage V,, of the element driving transistor Tj,,,, the
element driving transistor T, is put in a turned-off state. To
put it more concretely, the electric potential appearing on the
second node ND,, which is in a floating state, approaches a
voltage difference of (V -V, )==3 volts and eventually
becomes equal to the voltage difference of (V,,~V ). In this
case, if the validity of Eq. (2) given earlier is assured or, in
other words, if an electric potential satisfying Eq. (2) is
selected and determined in advance, the organic EL light
emitting element ELP never emits light.

In the period TP(3),, the electric potential appearing on the
second node ND, eventually becomes equal to the voltage
difference of (V4 ;-V ;). That is to say, the electric potential
appearing on the second node ND, is determined, depending
on only the threshold voltage V,, of the element driving tran-
sistor T, and the voltage V ;. _, used for initializing the gate
electrode of the element driving transistor T,,,. In other
words, the electric potential appearing on the second node
ND, is not dependent on the threshold voltage V, ., of the
organic EL light emitting element ELP.

Period TP(3), (With Reference to FIG. 25B)

In the following period TP(3),, with the turned-on state of
the video-signal write transistor T, sustained as it is, the
light-emission control transistor control circuit 103 1s driven
in order to set the light-emission control transistor control line
CLg; atalow level so as to put the light-emission control
transistor T,; . in a turned-off state. As a result, the electric
potential appearing on the first node ND, does not change but
is sustained at the voltage V., of 0 volts and the electric
potential appearing on the second node ND, in a floating state
also virtually does not change but is sustained at the voltage
difference of (V5 ,~V,;,) which is -3 volts.

Next, each of a period TP(3); to a period TP(3), is
described. Operations carried out in the period TP(3)5 to a
period TP(3), are essentially identical with those performed
in the period TP(5); to the period TP(5),, which have been
explained previously in the description of the first embodi-
ment.

Period TP(3), (With Reference to FIG. 25C)

In the following period TP(3),, a signal write operation for
the element driving transistor Tp,, is carried out. To put it
more concretely, with the turned-on state of the video-signal
write transistor Tg,, as well the turned-off state of the light-
emission control transistor Ty, . sustained as they are, the
video-signal outputting circuit 102 is driven in order to set an
electric potential appearing on a data line DTL at the video
signal V,, used for controlling the luminance of the organic
EL light emitting element ELP. As a result, the electric poten-
tial appearing on the first node ND, rises to the voltage V.
Itis to be noted that the video-signal write transistor T, can
also be turned off once. Then, with the turned-off states of the
video-signal write transistor T, and the light-emission con-
trol transistor T, . sustained as they are, the video-signal
outputting circuit 102 is driven in order to set the electric
potential appearing on a dataline DTL to the video signal Vg,
used for controlling the luminance of the organic EL light
emitting element ELP. Subsequently, with the turned-off state
of the light-emission control transistor T; . sustained as it
is, the scan line SCL is set at a high level in order to put the
video-signal write transistor T, back in a turned-on state.

As described above, in the period TP(3)s, the electric
potential appearing on the first node ND; rises from the volt-
age V., 1o the voltage Vg, Thus, if an electric-potential
change caused by the change of the electric potential appear-
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ing on the first node ND, as a change of an electric potential
appearing on the second node ND, is taken into consider-
ation, the change of the electric potential appearing on the
second node ND, also rises a little bit. That is to say, the
electric potential appearing on the second node ND, can be
represented by an expression of V5, =V, 40*(V,, =V o 1)
where notation o represents a value in a range of 0<a<1. The
value of a is determined from parameters including the
capacitance ¢, of the capacitor C, and the parasitic capaci-
tance Cy; of the organic EL light emitting element ELP.

Thus, as explained previously in the description of the first
embodiment, a difference in electric potential between the
first node ND, and the second node ND, can be expressed by
Eq. (3") given below. It is to be noted that the difference in
electric potential between the first node ND, and the second
node ND, is the electric-potential difference V  between the
gate electrode of the element driving transistor T, and the
source area of the element driving transistor T,

@)
That is to say, also in the case of the 3Tr/1C driving circuit,
the electric-potential difference V , obtained as a result of the
signal write process carried out for the element driving tran-
sistor T, is dependent on only the voltage Vg, for control-
ling the luminance of the organic EL light emitting element
ELP, the threshold voltage V , of the element driving transis-
tor Tp,, and the voltage V, , for initializing the gate elec-
trode of the element driving transistor T, . In addition, the
electric-potential difference V,, is not dependent on the
threshold voltage V,, ., of the organic EL light emitting
element ELP.
Period TP(3), (With Reference to FIG. 25D)

In the following period TP(3),, a mobility correction pro-
cess is carried out. The mobility correction process is a pro-
cess for correcting the electric potential appearing on the
second node ND, serving as the source area of the element
driving transistor T, on the basis of the magnitude of the
mobility p of the element driving transistor Tp,,.. To put it
more concretely, the mobility correction process is identical
with the process carried out in the period TP(5), explained
before in the description of the first embodiment. In addition,
it is nice to determine the entire length to of the period TP(3 ),
which is the period of time it takes to carry out the mobility
correction process, as adesign value in advance when design-
ing the organic EL display apparatus.

Period TP(3), (With Reference to FIG. 25E)

At the end of the execution of the operations described
above, the threshold-voltage cancel process, the signal write
process and the mobility correction process are completed.
Then, the same process as the process carried out in the period
TP(5), explained before in the description of the first embodi-
ment is carried out. As a result, an electric potential appearing
on the second node ND, rises, exceeding a level of (V,,_; +
V ,..)- Thus, the organic EL light emitting element ELP starts
emission of light. At that time, a drain current I, flowing
through the organic EL light emitting element ELP can be
expressed by Eq. (5). Thus, the drain current 1, flowing
through the organic EL light emitting element ELP does not
depend on the threshold voltage V,, -, ofthe organic EL light
emitting element ELP and the threshold voltage V,, of the
element driving transistor Tp,,. That is to say, the luminance
exhibited by the organic EL light emitting element ELP as a
quantity representing the amount of light emitted by the
organic EL light emitting element ELP is not affected by the
threshold voltage V,, r; of the organic EL light emitting
element ELP and the threshold voltage V,, of the element
driving transistor T ,,. On top of that, it is possible to avoid

Ve VsieVosr— V)= 0* Vs Vosr)
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generation of current variations caused by variations of the
mobility i of the element driving transistor T, , as variations
of the drain current I ;.

The light-emission state of the organic EL light emitting
element ELP is sustained continuously till the (m+m'-1)th
horizontal scan period. That is to say, the light-emission state
of the organic EL light emitting element ELP is terminated at
the end of the period TP(3)_,.

At the end of the period TP(3)_,, the (n, m)th sub-pixel
serving as a organic EL device 10 completes the light emitting
operation.

Next, a 2Tr/1C driving circuit is explained.

Third Modified Version Implementing a 2Tr/1C Driving Cit-
cuit

FIG. 26 is a diagram showing a typical configuration of an
equivalent circuit of the third modified version, which is a
2Tr/1C driving circuit employing two transistors and one
capacitor. FIG. 27 is a conceptual diagram showing an
organic EL display apparatus employing the 2Tr/1C driving
circuits whereas FIG. 28 shows timing charts of the 2Tr/1C
driving circuit. Each of FIGS. 29A to 29F shows a model of
turned-on and turned-off states of the transistors employed in
the 2Tr/1C driving circuit. It is to be noted that, in FIGS. 29A
to 29F, for the sake of convenience, all the transistors except
the element driving transistor T, are each shown as a single
switch without regard to whether each of the transistors is
designed as a transistor having a single-gate structure or a
dual-gate structure.

The 2Tr/1C driving circuit does not include three transis-
tors, 1.e., the first-node initialization transistor Ty, , the light-
emission control transistor T, . and the second-node ini-
tialization transistor Ty,,. That is to say, in addition to a
capacitor C,, the configuration of the 2Tr/1C driving circuit
includes two transistors, i.e., the video-signal write transistor
T, and the element driving transistor Tp,,,..

Element Driving Transistor T, ,

Since the configuration of the element driving transistor
Ty, employed in the 2Tr/1C driving circuit is the same as the
element driving transistor Tp,, explained before in the
description of the first embodiment, no detailed description of
the element driving transistor T,,,, employed in the 2Tr/1C
driving circuit is given in order to avoid duplications. In the
case of the 2Tr/1C driving circuit, however, the drain area of
the element driving transistor T 5, is connected to the current
supply section 100 which generates a voltage V . used for
controlling the luminance of the organic EL light emitting
element ELP and a voltage V., used for controlling an
electric potential appearing in the source area of the element
driving transistor T,,,,. Typical magnitudes of the voltages
V ooy and V.o are given as follows:

Vec=20 volts

Ve =10 volt

It is to be noted, however, that the magnitudes of the volt-
age V., and the voltage V. are by no means limited to
the above typical values. It is also worth noting that the above
description also holds true of a tenth embodiment to be
described later.

Video-Signal Write Transistor T,

Since the configuration of the video-signal write transistor
Ts,, employed in the 2Tt/1C driving circuit is the same as the
video-signal write transistor Ty, explained before in the
description of the first embodiment, no detailed description of
the video-signal write transistor T g;, employed in the 2Tr/1C
driving circuit is given in order to avoid duplications.
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Organic EL Light Emitting Element ELP

Since the configuration of the organic EL light emitting
element ELP employed in the 2Tr/1C driving circuit is the
same as the organic EL light emitting element ELP explained
before in the description of the first embodiment, no detailed
description of the organic EL light emitting element ELP
employed in the 2Tr/1C driving circuit is given in order to
avoid duplications.

Operations of the 2Tr/1C driving circuit are described as
follows.

Period TP(2)_, (With Reference to FIGS. 28 and 29A)

An operation carried out in a period TP(2)_, is, for
example, an operation performed in the immediately preced-
ing display frame. Virtually, the operation is the same as the
operation carried out in the period TP(5)_, explained previ-
ously in the description of the first embodiment.

A period TP(2), to a period TP(2),, which are shown in
FIG. 28, correspond to the period TP(5), to the period TP(5),,
which are shown in FIG. 4. These periods form a sequence of
periods allocated to a sequence of operations ending with an
operation to be carried out immediately prior to the next
signal write process. The operations performed in the period
TP(2), to the period TP(2), are identical with those carried
out by the first embodiment. To put it concretely, in the period
TP(2),, the (n, m)th organic EL device 10 is as a rule in a
no-light emission state. However, the operations carried out
by the 2Tr/1C driving circuit serving as the third modified
version are different from those performed by the first
embodiment in that, in the case of the third modified version,
in the operations carried out by the 2Tr/1C driving circuit, the
period TP(2), as well as the period TP(2); and the period
TP(2), are included in the mth horizontal scan period as
shown in FIG. 28. It is to be noted that, in order to make the
following explanation simple, the start of the period TP(2),
and the end of the period TP(2), coincide with the start and
end of the mth horizontal scan period respectively.

Each of the period TP(2), to the period TP(2), is explained
as follows. It is to be noted that, as explained before in the
description of the first embodiment, the length of each of the
periods TP(2), to TP(2), can be properly set in accordance
with the design of the organic EL display apparatus.

Period TP(2), (With Reference to FIG. 29B)

The period TP(2), is a period allocated to, for example,
operations carried out for the immediately preceding display
frame and the current display frame. That is to say, this period
TP(2), is a period beginning with the (m+m')th horizontal
scan period in the immediately preceding display frame and
ending with the (m-1)th horizontal scan period in the current
display frame. In this period TP(2),, the (n, m)th organic EL
device 10 is in a no-light emission state. Ata point a transition
is made from the period TP(2)_, to the period TPQ),, a
voltage generated by the current supply section 100 is
switched from thelevel V., to the level Vo ;. As a result,
an electric potential appearing on the second node ND, serv-
ing as the source area of the element driving transistor T, as
well as the anode electrode of the organic EL light emitting
element ELP falls to the voltage V . ;, putting the organic EL
light emitting element ELP in a no-light transmission state. In
addition, an electric potential appearing on the first node ND,
in a floating state also falls to follow the drop of the electric
potential appearing on the second node ND,. As described
before, the first node ND, serves as the gate electrode of the
element driving transistor T, .

Period TP(2), (With Reference to FIG. 29C)

Then, in the next period TP(2),, the horizontal scan period
of the mth row on the current display frame is started. At the
beginning of the period TP(2),, the scan circuit 101 is driven
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in order to set the scan line SCL at a high level so as to put the
video-signal write transistor Ty, in a turned-on state. As a
result, an electric potential appearing on the first node ND,
becomes equal to a voltage V5 0f 0 volts, for example. The
electric potential appearing on the second node ND, is sus-
tained at the voltage V ., which is -10 volts, for example.

By carrying out the operations described above, the differ-
ence in electric potential between the gate electrode of the
element driving transistor T, , and the source area of the
element driving transistor T ,,, rises to a voltage at least equal
to the threshold voltage V , of the element driving transistor
Tp,.» putting the element driving transistor T,,,, in a turned-
on state.

Period TP(2), (With Reference to FIG. 29D)

Then, during the following period TP(2),, a threshold-
voltage cancel process is carried out. That is to say, with the
turned-on state of the video-signal write transistor T, sus-
tained as it is, a voltage generated by the current supply
section 100 is switched from the voltage V ., to the voltage
Ve As a result, an electric potential appearing on the
second node ND, changes in a direction to an electric poten-
tial equal to a difference obtained as a result of subtracting the
threshold voltage V,,, of the element driving transistor T, ,
from an electric potential appearing on the first node ND,
even though an electric potential appearing on the first node
ND, does not change, being sustained at the voltage V . 00
volts. That is to say, an electric potential appearing on the
second node ND,, which is in a floating state, rises. Then, as
the difference in electric potential between the gate electrode
of the element driving transistor T, ., and the source area of
the element driving transistor T, reaches the threshold volt-
age V,, of the element driving transistor T,,, the element
driving transistor T, is put in a turned-off state. To put it
more concretely, the electric potential appearing on the sec-
ond node ND,, which is in a floating state, approaches a
voltage difference of (V -V ,,)==3 volis and eventually
becomes equal to the voltage difference of (V 54~V ). In this
case, if the validity of Eq. (2) given earlier is assured or, in
other words, if an electric potential satisfying Eq. (2) is
selected and determined in advance, the organic EL light
emitting element ELP never emits light.

In the period TP(2),, the electric potential appearing on the
second node ND, eventually becomes equal to the voltage
difference of (V 54=V ;). That s to say, the electric potential
appearing on the second node ND, is determined, depending
on only the threshold voltage V,, of the element driving tran-
sistor Tj,,, and the voltage V ,; used for initializing the gate
electrode of the element driving transistor Tj,,,. In other
words, the electric potential appearing on the second node
ND, is not dependent on the threshold voltage V, ., of the
organic EL light emitting element ELP.

Period TP(2), (With Reference to FIG. 29E)

In the following period TP(2),, a signal write operation for
the element driving transistor T, and a mobility correction
process are carried out. The mobility correction process is a
process for correcting the electric potential appearing on the
second node ND, serving as the source area of the element
driving transistor T, on the basis of the magnitude of the
mobility p of the element driving transistor Tp,,. To put it
more concretely, with the turned-on state of the video-signal
write transistor T, sustained as it is, the video-signal out-
putting circuit 102 is driven in order to set an electric potential
appearing on a data line DTL at the video signal V,, used for
controlling the luminance of the organic EL light emitting
element ELP. As a result, the electric potential appearing on
the first node ND), rises to the voltage Vi, putting the ele-
ment driving transistor Tj,, in a turned-on state. It is to be
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noted that the video-signal write transistor Tg,, can also be
turned off once. Then, the electric potential appearing on a
data line DTL is changed to the video signal V,, used for
controlling the luminance of the organic EL light emitting
element ELP. Subsequently, the scan line SCL is set at a high
level in order to put the video-signal write transistor Ty, back
in a turned-on state so as to put the element driving transistor
Tp,, i a turned-on state.

Unlike the first embodiment described previously, how-
ever, a voltage V ~_ generated by the current supply section
100 is applied to the drain area of the element driving tran-
sistor T,,,.. Thus, an electric potential appearing in the source
area of the element driving transistor T, rises. After a time
period to determined in advance has lapsed, an electric poten-
tial appearing on the scan line SCL is set at a low level in order
to put the video-signal write transistor T, in a turned-off
state and the first node ND, serving as the gate electrode of the
element driving transistor T ,,, in a floating state. In addition,
it is nice to determine the entire length to of the period TP(2),
as a design value in advance when designing the organic EL
display apparatus so that the electric potential appearing on
the second node ND, becomes equal to a voltage of (V 4~
V., +AV).

Even in the period TP(2),, if the mobility p of the element
driving transistor T, is large, the increase AV of the electric
potential appearing in the source area of the element driving
transistor T, is also large. If the mobility p of the element
driving transistor T, is small, on the other hand, the increase
AV ofthe electric potential appearing in the source area of the
element driving transistor T, is also small.

Period TP(2), (With Reference to FIG. 29F)

At the end of the execution of the operations described
above, the threshold-voltage cancel process, the signal write
process and the mobility correction process are completed.
Then, the same process as the process carried out in the period
TP(5), explained before in the description of the first embodi-
ment is carried out. As a result, an electric potential appearing
on the second node ND, rises, exceeding a level of (V,, ., +
V ¢.) Thus, the organic EL light emitting element ELP starts
emission of light. At that time, a drain current 1, flowing
through the organic EL light emitting element ELP can be
expressed by Eq. (5). Thus, the drain current I, flowing
through the organic EL light emitting element ELP does not
depend on the threshold voltage V,, -, ofthe organic EL light
emitting element ELP and the threshold voltage V,, of the
element driving transistor T,,,,.. That is to say, the luminance
exhibited by the organic EL light emitting element ELP as a
quantity representing the amount of light emitted by the
organic EL light emitting element ELP is not affected by the
threshold voltage V,, ., of the organic EL light emitting
element ELP and the threshold voltage V,, of the element
driving transistor T ,,,. On top of that, it is possible to avoid
generation of current variations caused by variations of the
mobility i of the element driving transistor T ,,,, as variations
of the drain current I .

The light-emission state of the organic EL light emitting
element ELP is sustained continuously till the (m+m'-1)th
horizontal scan period. That is to say, the light-emission state
of the organic EL light emitting element ELP is terminated at
the end of the period TP(2)_,.

At the end of the period TP(2)_,, the (n, m)th sub-pixel
serving as a organic EL device 10 completes the light emitting
operation.

In addition, it is possible to provide an alternative typical
configuration in which the period TP(3), allocated to a
sequence of operations ending with an operation carried out
by the 2Tr/1C driving circuit shown in FIG. 26 is divided into
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two operations, i.e., a sub-period TP(3), and a sub-period
TP(3)';. Inthe sub-period TP(3),, as described previously, the
video-signal write transistor Tg,, is turned off once. Then, the
electric potential appearing on a data line DTL is changed to
the video signal Vg, used for controlling the luminance of the
organic EL light emitting element ELP. Subsequently, in the
sub-period TP(3)';, the scan line SCL is set at a high level in
order to put the video-signal write transistor T, back in a
turned-on state and, thus, the element driving transistor T ,,,,
in a turned-on state. Timing charts in this case are shown in
FIG. 30.

Tenth Embodiment

The tenth embodiment implements a variety of modified
versions of the organic EL display apparatus according to the
second embodiment of the present invention and a variety of
modified versions of the organic EL device 10 employed in
the organic EL display apparatus as an organic EL device 10
according to the second embodiment of the present invention.

As explained previously, the driving circuit employed in
the organic EL device according to each of the fifth to eighth
embodiments has five transistors and one capacitor. FIG. 31 is
a diagram showing a typical configuration of an equivalent
circuit of a driving circuit employed in an organic EL device
according to a tenth embodiment employing three transistors
and one capacitor.

FIG. 31 is a diagram showing an equivalent circuit of a
driving circuit employed in an organic EL device according to
the tenth embodiment whereas FIG. 32 is a conceptual dia-
gram showing an organic EL display apparatus employing a
plurality of aforementioned organic EL devices. FIG. 33
shows timing charts of the organic EL device. Each of FIGS.
34A to 34D and 35A to 35C shows a model of turned-on and
turned-off states of the transistors employed in the organic EL
device.

In comparison with the fifth to eighth embodiments
described above, the driving circuit employed in an organic
EL device according to the tenth embodiment does not
include two transistors, i.e., the second-node initialization
transistor Ty, and the light-emission control transistor T,
o That is to say, in addition to a capacitor C,, the configura-
tion of the driving circuit according to the tenth embodiment
includes three transistors, i.e., a video-signal write transistor
T, an element driving transistor Tp,, and a first-node ini-
tialization transistor T ;.

In the tenth embodiment, the first-node initialization tran-
sistor Ty, employed in the driving circuit can be designed
into the same configuration as the first-node initialization
transistor T, employed in any one of the fifth to eighth
embodiments explained previously. For example, the first-
node initialization transistor T, employed in the equivalent
circuit shown in FIG. 31 as an equivalent circuit of the driving
circuit employed in the tenth embodiment is designed into the
same configuration as the first-node initialization transistor
T, employed in the fifth embodiment explained previously
by referring to FIG. 12. As shown in FIGS. 12 and 31, the
first-node initialization transistor T 5, has a shield electrode
on the side close to the first node ND, . However, the configu-
ration of the first-node initialization transistor T,,,, is by no
means limited to the configuration of the first-node initializa-
tion transistor T, employed in the fifthembodiment but can
also be designed into the same configuration as the first-node
initialization transistor T, employed in any one of the sixth
to eighth embodiments. In addition, the video-signal write
transistor T, employed in the equivalent shown in FIG. 31 is
designed as a transistor having the so-called single-gate struc-
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ture. As explained previously in the description of the fifth
embodiment, however, the configuration of the video-signal
write transistor Tg,, is by no means limited to the single-gate
structure but the video-signal write transistor T, can also be
designed into the same structure as the video-signal write
transistor Tg,, employed in any one of the first to fourth
embodiments described before.

Basically, the configuration ofthe driving circuit employed
in the organic EL device according to the tenth embodiment is
obtained by adding a first-node initialization transistor T,
to the 2Tr/1C driving circuit employed in the organic EL
device according to the ninth embodiment explained previ-
ously by referring to FIG. 26. It is to be noted that, for the sake
of convenience, in the following description, the driving cir-
cuitemployed in the organic EL device according to the tenth
embodiment is referred to as a second 3Tr/1C driving circuit.
Element Driving Transistor T,

Since the configuration of the element driving transistor
Tp,, employed in the second 3Tr/1C driving circuit is the
same as the element driving transistor T, explained before
in the description of the first embodiment, no detailed
description of the element driving transistor T ,,, employed in
the second 3Tr/1C driving circuit is given in order to avoid
duplications. In the case of the second 3Tr/1C driving circuit,
however, the drain area of the element driving transistor T ,,,
is connected to a current supply section 100 which generates
a voltage V .z and a voltage V ., in the same way as the
third modified version of the ninth embodiment. Since the
voltages V o yand V . ; areidentical with those of the third
modified version of the ninth embodiment, no detailed
description of the voltages V ¢ and V - ; 1s given either in
order to avoid duplications.

Video-Signal Write Transistor T,

Since the configuration of the video-signal write transistor
T, employed inthe second 3Tr/1C driving circuitis the same
as the video-signal write transistor Ty, explained before in
the description of the fifth embodiment, no detailed descrip-
tion of the video-signal write transistor T, employed in the
second 3Tt/1C driving circuit is given in order to avoid dupli-
cations.

First-Node Initialization Transistor Ty,

Since the configuration of the first-node initialization tran-
sistor T, employed in the second 3Tr/1C driving circuit is
the same as the first-node initialization transistor Ty,
explained before in the description of the fifth and other
embodiments, no detailed description of the first-node initial-
ization transistor Ty, employed in the second 3Tr/1C driv-
ing circuit is given in order to avoid duplications.

Organic EL Light Emitting Element ELP

Since the configuration of the organic EL light emitting
element ELP employed in the second 3Tt/1C driving circuit is
the same as the organic EL light emitting element ELP
explained before in the description of the first embodiment,
no detailed description of the organic EL light emitting ele-
ment ELP employed in the second 3Tr/1C driving circuit is
given in order to avoid duplications.

Operations of the second 3Tr/1C driving circuit are
described as follows.

Period TP(3,)_, (With Reference to FIGS. 33 and 34A)

An operation carried out in a period TP(3,)_, is, for
example, an operation performed in the immediately preced-
ing display frame. Virtually, the operation is the same as the
operation carried out in the period TP(5)_; explained previ-
ously in the description of the first embodiment.

A period TP(3,), to a period TP(3,),, which are shown in
FIG. 33, correspond respectively to the period TP(5), to the
period TP(5)., which are shown in FIG. 4. These periods form
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a sequence of periods allocated to a sequence of operations
ending with an operation to be carried out immediately prior
to the next signal write process. The operations performed in
the period TP(3,), to the period TP(3,); are identical with
those carried out by the first embodiment. To put it concretely,
in the period TP(3,),, the (n, m)th organic EL device 10 is as
a rule in a no-light emission state. That is to say, the periods
TP(3,),t0 TP(3,); are asequence of periods having a duration
stretched for example from the beginning of the (m+m')th
horizontal scan period of the immediately preceding display
frame to the end of the (m~1)th horizontal scan period of the
current display frame. In addition, it is also possible to pro-
vide a configuration in which the periods TP(3,), to TP(3,),
are included in the mth horizontal scan period of the current
display frame. It is to be noted that, in order to make the
following explanation simple, the start and end of a period
TP(3,), coincide with the start and end of the mth horizontal
scan period respectively.

Each of the period TP(3,), to the period TP(3,), is
explained as follows. Itis to be noted that, as explained before
in the description of the first embodiment, the length of each
of the periods TP(3,), to TP(3,), can be properly set in accor-
dance with the design of the organic EL display apparatus.
Period TP(3,), (With Reference to FIG. 34B)

The period TP(3,), is a period allocated to, for example,
operations carried out for the immediately preceding display
frame and the current display frame. That is to say, this period
TP(3,), is a period beginning with the (m+m")th horizontal
scan period in the immediately preceding display frame and
ending with the (m-1)th horizontal scan period in the current
display frame. In this period TP(3,),, the (n, m)th organic EL
device 10 is as a rule in a no-light emission state. At a point a
transition is made from the period TP(3,)_; to the period
TP(3.,),, a voltage generated by the current supply section
100 is switched from a level V., to a level V. ;. As a
result, an electric potential appearing on the second node ND,
serving as the source area of the element driving transistor
Ty, as well as the anode electrode of the organic EL light
emitting element ELP falls to the voltage V - ;, putting the
organic EL light emitting element ELP in a no-light transmis-
sion state. In addition, an electric potential appearing on the
first node ND, in a floating state also falls to follow the drop
ofthe anelectric potential appearing on the second node ND,.
As described before, the first node ND, serves as the gate
electrode of the element driving transistor T,

Period TP(3,), (With Reference to FIG. 34C)

At the beginning of the next period TP(3,),, the first-node
initialization transistor control circuit 104 is driven in order to
set a first-node initialization transistor control line AZ ,,,, ata
high level so as to put the first-node initialization transistor
Tap, 1n a turned-on state. As a result, an electric potential
appearing on the first node ND, becomes equal to a voltage
Vo of 0 volts, for example. The electric potential appearing
on the second node ND, is sustained at the voltage V...,
which is -10 volts, for example.

By carrying out the operations described above, the differ-
ence in electric potential between the gate electrode of the
element driving transistor Tj,, and the source area of the
element driving transistor T, rises to a voltage at least equal
to the threshold voltage V,, of the element driving transistor
T,,., putting the element driving transistor T, ,, in a turned-
on state.

Period TP(3,), (With Reference to FIG. 34D)

Then, during the following period TP(3,),, a threshold-
voltage cancel process is carried out. That is to say, with the
turned-on state of the first-node initialization transistor Ty,
sustained as it is, a voltage generated by the current supply
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section 100 is switched from the voltage V., to the voltage
Ve As a result, an electric potential appearing on the
second node ND, changes in a direction to an electric poten-
tial equal to a difference obtained as a result of subtracting the
threshold voltage V;, of the element driving transistor T ,,,
from an electric potential appearing on the first node ND,
even though an electric potential appearing on the first node
ND, does not change, being sustained at the voltage V ., of 0
volts. That is to say, an electric potential appearing on the
second node ND,, which is in a floating state, rises. Then, as
the difference in electric potential between the gate electrode
of the element driving transistor T},,, and the source area of
the element driving transistor T, reaches the threshold volt-
age V,,, of the element driving transistor T, the element
driving transistor T, is put in a turned-off state. To put it
more concretely, the electric potential appearing on the sec-
ond node ND,, which is in a floating state, approaches a
voltage difference of (V,4-V,,)==3 volts and eventually
becomes equal to the voltage difference of (V 54~V ;). In this
case, if the validity of Eq. (3) given earlier is assured or, in
other words, if an electric potential satisfying Eq. (3) is
selected and determined in advance, the organic EL light
emitting element ELP never emits light.

In the period TP(3,),, the electric potential appearing on
the second node ND, eventually becomes equal to the voltage
difference of (V 54~V ). That is to say, the electric potential
appearing on the second node ND, is determined, depending
on only the threshold voltage V , of the element driving tran-
sistor T),,,, and the voltage V ,,, used for initializing the gate
electrode of the element driving transistor T,, . In other
words, the electric potential appearing on the second node
ND, is not dependent on the threshold voltage V,, ., of the
organic EL light emitting element ELP.

Period TP(3,), (With Reference to FIG. 35A)

Inthe following period TP(3,),, the first-node initialization
transistor control circuit 104 is driven in order to set the
first-node initialization transistor control line AZ,;,; at a low
level so as to put the first-node initialization transistor Ty, in
a turned-off state. As a result, the electric potential appearing
on the first node ND, and the electric potential appearing on
the second node ND, virtually do not change. In actuality, the
electric potentials change due to a coupling effect of the
parasitic capacitance C,, between the gate electrode of the
element driving transistor T, and the source area of the
element driving transistor T, or the like. Nevertheless, the
changes in electric potential can be normally ignored.
Period TP(3,), (With Reference to FIG. 35B)

Inthe following period TP(3,),, a signal write operation for
the element driving transistor T, and a mobility correction
process are carried out. The mobility correction process is a
process for correcting the electric potential appearing on the
second node ND, serving as the source area of the element
driving transistor Tj,, on the basis of the magnitude of the
mobility p of the element driving transistor Tp,,. To put it
more concretely, the video-signal outputting circuit 102 is
driven in order to set an electric potential appearing on a data
line DTL at the video signal V,, used for controlling the
luminance of the organic EL light emitting element ELP.
Subsequently, the scan circuit 101 is driven in order to set the
scan line SCL at a high level in order to put the video-signal
write transistor Tg,, in a turned-on state. As a result, the
electric potential appearing on the first node ND, rises to the
voltage V., putting the element driving transistor Ty, in a
turned-on state.

Unlike the first embodiment described previously, the volt-
age V. generated by the current supply section 100 is
applied to the drain area of the element driving transistor



US 8,022,903 B2

65

Ty, Thus, an electric potential appearing in the source area
ofthe element driving transistor T 5, tises. Aftera time period
t, determined in advance has lapsed, an electric potential
appearing on the scan line SCL is set at a low level in order to
put the video-signal write transistor T, in a turned-off state
and the first node ND, serving as the gate electrode of the
element driving transistor T, , in a floating state. In addition,
itisnice to determine the entire length to of the period TP(3,),
as a design value in advance when designing the organic EL
display apparatus so that the electric potential appearing on
the second node ND, becomes equal to a voltage of (V-
V,+AV).

Even in the period TP(3,),, if the mobility p of the element
driving transistor T, is large, the increase AV of the electric
potential appearing in the source area of the element driving
transistor T, is also large. If the mobility p of the element
driving transistor T, is small, on the otherhand, the increase
AV ofthe electric potential appearing in the source area of the
element driving transistor Tp,,., is also small.

Period TP(3,)5 (With Reference to FIG. 35C)

At the end of the execution of the operations described
above, the threshold-voltage cancel process, the signal write
process and the mobility correction process are completed.
Then, the same process as the process carried out in the period
TP(5), explained before in the description of the first embodi-
ment is carried out. As a result, an electric potential appearing
on the second node ND, rises, exceeding a level of (V,;,_z; +
V ,.,) Thus, the organic EL light emitting element ELP starts
emission of light. At that time, a drain current I, flowing
through the organic EL light emitting element ELP can be
expressed by Eq. (5). Thus, the drain current I, flowing
through the organic EL light emitting element ELP does not
depend on the threshold voltage V,,, -, ofthe organic EL light
emitting element ELP and the threshold voltage V, of the
element driving transistor T, ,. That is to say, the luminance
exhibited by the organic EL light emitting element ELP as a
quantity representing the amount of light emitted by the
organic EL light emitting element ELP is not affected by the
threshold voltage V,,, ; of the organic EL light emitting
element ELP and the threshold voltage V,, of the element
driving transistor T ,,. On top of that, it is possible to avoid
generation of current variations caused by variations of the
mobility p of the element driving transistor T 5, as variations
of the drain current I ;..

The light-emission state of the organic EL light emitting
element ELP is sustained continuously till the (m+m'-1)th
horizontal scan period. That is to say, the light-emission state
of the organic EL light emitting element ELP is terminated at
the end of the period TP(3,)_;.

At the end of the period TP(3,)_,, the (n, m)th sub-pixel
serving as a organic EL device 10 completes the light emitting
operation.

The above description has explained the configuration of
the organic EL display apparatus according to the tenth
embodiment, the organic EL device 10 employed in the
organic EL, display apparatus as the organic EL device
according to the tenth embodiment and the configuration of
the second 3Tr/1C driving circuit included in the organic EL
device as a driving circuit for driving an organic EL light
emitting element ELP of the organic EL device. It is to be
noted that the second 3Tr/1C driving circuit shown in FIG. 31
can be changed to a configuration additionally including a
second-node initialization transistor T, a light-emission
control transistor Tz, - or both. If a second-node initializa-
tion transistor T, is added to the driving circuit for
example, itis no longer necessary to supply the voltage V..,
from the current supply section 100 but an initialization volt-
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age can vet be applied to the second node ND, by adoption of
the same method as the one explained previously in the
description of the first embodiment. In addition, if a light-
emission control transistor T, - is added to the configura-
tion of the second 3Tr/1C driving circuit, the current supply
section 100 merely needs to generate a fixed voltage V .~ and,
by adoption of the same driving method as the driving method
explained previously in the description of the second modi-
fied version of the ninth embodiment with reference to FIGS.
24C and 24D, an initialization voltage can be applied to the
second node ND,,.

The above description exemplifies the present invention by
describing the preferred embodiments. It is to be noted, how-
ever, that the scope of the present invention is by no means
limited to these embodiments. The configurations/structures
of the organic EL display apparatus according to each of the
embodiments and the organic EL device 10 employed in the
organic EL display apparatus are typical configurations/
structures and can thus be changed properly. In addition, the
operation of the driving circuit employed in each of the
organic EL devices and the driving method adopted by the
driving circuit as a method to drive the organic EL light
emitting element ELP of the organic EL, device are also a
typical operation and a typical method respectively and can
thus be changed properly as well.

What is claimed is:

1. An organic electro luminescence device comprising:

an organic electro luminescence light emitting element;
and

a driving circuit for driving said organic electro lumines-
cence light emitting element, wherein

said driving circuit includes
(A) an element driving transistor,

(B) a video-signal write transistor, and
(C) a capacitor having a pair of particular and other
electrodes,
with regard to said element driving transistor,
(A-1)asource/drain area provided on a particular side of
said element driving transistor to serve as a particular
source/drain area of said element driving transistor is
connected to a current supply section, and

(A-2) a source/drain area provided on the other side of
said element driving transistor to serve as another
source/drain area of said element driving transistor is
connected to the anode electrode of said organic elec-
tro luminescence light emitting element and said par-
ticular electrode of said capacitor, forming a second
node,

said video-signal write transistor is a transistor with a dual-
gate structure including a first sub-transistor having a
first channel creation area as well as a first gate electrode
and including a second sub-transistor having a second
channel creation area as well as a second gate electrode,

asource/drain area provided on a particular side of said first
sub-transistor to serve as a particular source/drain area
of said first sub-transistor is connected to a data line,

a source/drain area provided on the other side of said sec-
ond sub-transistor to serve as another source/drain area
of said second sub-transistor is connected to the gate
electrode of said element driving transistor and said
other electrode of said capacitor, forming a first node,

said first gate electrode of said first sub-transistor and said
second gate electrode of said second sub-transistor are
connected to a scan line,

said first gate electrode of said first sub-transistor faces a
particular face of said first channel creation area of said
first sub-transistor through a gate insulation layer sand-
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wiched by said first gate electrode and said particular
face of said first channel creation area,
said second gate electrode of said second sub-transistor
faces a particular face of said second channel creation
area of said second sub-transistor through said gate insu-
lation layer sandwiched by said second gate electrode
and said particular face of said second channel creation
area,
said second sub-transistor has a shield electrode facing the
other face of said second channel creation area through
a shield insulation layer sandwiched by said shield elec-
trode and said other face of said second channel creation
area, and
said shield electrode is connected to said other source/drain
area of said second sub-transistor.
2. The organic electro luminescence device according to
claim 1 wherein:
said second sub-transistor further has a second shield elec-
trode facing said other face of said second channel cre-
ation area through a shield insulation layer sandwiched
by said second shield electrode and said other face of
said second channel creation area; and
said second shield electrode is connected to a common area
in which a source/drain area provided on the other side
of said first sub-transistor to serve as another source/
drain area of said first sub-transistor overlaps a source/
drain area provided on a particular side of said second
sub-transistor to serve as a particular source/drain area
of said second sub-transistor.
3. The organic electro luminescence device according to
claim 1 wherein:
said first sub-transistor has a third shield electrode facing
the other face of said first channel creation area through
a shield insulation layer sandwiched by said third shield
electrode and said other face of said first channel cre-
ation area; and
said third shield electrode is connected to said particular
source/drain area of said first sub-transistor.
4. The organic electro luminescence device according to
claim 1 wherein:
said second sub-transistor further has a second shield elec-
trode facing said other face of said second channel cre-
ation area through a shield insulation layer sandwiched
by said second shield electrode and said other face of
said second channel creation area;
said first sub-transistor has third and fourth shield elec-
trodes facing the other face of said first channel creation
area through a shield insulation layer sandwiched by
said third and fourth shield electrodes and said other face
of said first channel creation area;
said second and fourth shield electrodes are connected to a
common area in which a source/drain area provided on
the other side of said first sub-transistor to serve as
another source/drain area of said first sub-transistor
overlaps a source/drain area provided on a particular
side of said second sub-transistor to serve as a particular
source/drain area of said second sub-transistor; and
said third shield electrode is connected to said particular
source/drain area of said first sub-transistor.
5. An organic electro luminescence device coniprising:
an organic electro luminescence light emitting element;
and
a driving circuit for driving said organic electro lumines-
cence light emitting element, wherein
said driving circuit includes
(A) an element driving transistor,
(B) a video-signal write transistor,

15

20

25

40

45

50

60

65

68

(C) a capacitor having a pair of particular and other
electrodes, and

(D) a first-node initialization transistor,

with regard to said element driving transistor,
(A-1)asource/drain area provided on a particular side of

said element driving transistor to serve as a particular
source/drain area of said element driving transistor is
connected to a current supply section, and

(A-2) a source/drain area provided on the other side of
said element driving transistor to serve as another
source/drain area of said element driving transistor is
connected to the anode electrode of said organic elec-
tro luminescence light emitting element and said par-
ticular electrode of said capacitor, forming a second
node,

with regard to said video-signal write transistor,

(B-1)a source/drain area provided on a particular side of
said video-signal write transistor to serve as a particu-
lar source/drain area of said video-signal write tran-
sistor is connected to a data line,

(B-2) a source/drain area provided on the other side of
said video-signal write transistor to serve as another
source/drain area of said video-signal write transistor
is connected to the gate electrode of said element
driving transistor and said other electrode of said
capacitor, forming a first node, and

(B-3) the gate electrode of said video-signal write tran-
sistor is connected to a scan line,

said first-node initialization transistor is a transistor with a
dual-gate structure including a first sub-transistor hav-
ing a first channel creation area as well as a first gate
electrode and including a second sub-transistor having a
second channel creation area as well as a second gate
electrode,

asource/drain area provided on a particular side of said first
sub-transistor to serve as a particular source/drain area
of said first sub-transistor is connected to a first-node
initialization voltage supply line,

a source/drain area provided on the other side of said sec-
ond sub-transistor to serve as another source/drain area
of said second sub-transistor is connected to said first
node,

said first gate electrode of said first sub-transistor and said
second gate electrode of said second sub-transistor are
connected to a first-node initialization transistor control
line,

said first gate electrode of said first sub-transistor faces a
particular face of said first channel creation area of said
first sub-transistor through a gate insulation layer sand-
wiched by said first gate electrode and said particular
face of said first channel creation area,

said second gate electrode of said second sub-transistor
faces a particular face of said second channel creation
area of said second sub-transistor through said gate insu-
lation layer sandwiched by said second gate electrode
and said particular face of said second channel creation
area,

said second sub-transistor has a shield electrode facing the
other face of said second channel creation area through
a shield insulation layer sandwiched by said shield elec-
trode and said other face of said second channel creation
area, and

said shield electrode is connected to said other source/drain
area of said second sub-transistor.
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6. The organic electro luminescence device according to

claim 5 wherein:

said second sub-transistor further has a second shield elec-
trode facing said other face of said second channel cre-
ation area through a shield insulation layer sandwiched
by said second shield electrode and said other face of
said second channel creation area; and

said second shield electrode is connected to a common area
in which a source/drain area provided on the other side
of said first sub-transistor to serve as another source/
drain area of said first sub-transistor overlaps a source/
drain area provided on a particular side of said second
sub-transistor to serve as a particular source/drain area
of said second sub-transistor.

7. The organic electro luminescence device according to

claim 5 wherein:

said first sub-transistor has a third shield electrode facing
the other face of said first channel creation area through
a shield insulation layer sandwiched by said third shield
electrode and said other face of said first channel cre-
ation area; and

said third shield electrode is connected to said particular
source/drain area of said first sub-transistor.

8. The organic electro luminescence device according to

claim 5 wherein:

said second sub-transistor further has a second shield elec-
trode facing said other face of said second channel cre-
ation area through a shield insulation layer sandwiched
by said second shield electrode and said other face of
said second channel creation area;

said first sub-transistor has third and fourth shield elec-
trodes facing the other face of said first channel creation
area through a shield insulation layer sandwiched by
said third and fourth shield electrodes and said other face
of said first channel creation area;

said second and fourth shield electrodes are connected to a
common area in which a source/drain area provided on
the other side of said first sub-transistor to serve as
another source/drain area of said first sub-transistor
overlaps a source/drain area provided on a particular
side of said second sub-transistor to serve as a particular
source/drain area of said second sub-transistor; and

said third shield electrode is connected to said particular
source/drain area of said first sub-transistor.

9. An organic electro luminescence display apparatus com-

prising:

(1) a scan circuit;

(2) a video-signal outputting circuit;

(3) a total of MxN organic electro luminescence devices
laid out to form a two-dimensional matrix of N said
organic electro luminescence devices arranged in a first
direction and M said organic electro luminescence
devices arranged in a second direction different from
said first direction;

(4) M scan lines each connected to said scan circuit and
each stretched in said first direction;

(5) N data lines each connected to said video-signal out-
putting circuit and each stretched in said second direc-
tion; and

(6) a current supply section, wherein

each of said organic electro luminescence devices includes
an organic electro luminescence light emitting element
and a driving circuit for driving said organic electro
luminescence light emitting element,
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said driving circuit includes

(A) an element driving transistor,

(B) a video-signal write transistor, and

(C) a capacitor having a pair of particular and other
electrodes,
with regard to said element driving transistor,
(A-1)asource/drain area provided on a particular side of
said element driving transistor to serve as a particular
source/drain area of said element driving transistor is
connected to said current supply section, and

(A-2) a source/drain area provided on the other side of
said element driving transistor to serve as another
source/drain area of said element driving transistor is
connected to the anode electrode of said organic elec-
tro luminescence light emitting element and said par-
ticular electrode of said capacitor, forming a second
node,

said video-signal write transistor is a transistor with a dual-
gate structure including a first sub-transistor having a
first channel creation area as well as a first gate electrode
and including a second sub-transistor having a second
channel creation area as well as a second gate electrode,

asource/drain area provided on a particular side of said first
sub-transistor to serve as a particular source/drain area
of said first sub-transistor is connected to one of said data
lines,

a source/drain area provided on the other side of said sec-
ond sub-transistor to serve as another source/drain area
of said second sub-transistor is connected to the gate
electrode of said element driving transistor and said
other electrode of said capacitor, forming a first node,

said first gate electrode of said first sub-transistor and said
second gate electrode of said second sub-transistor are
connected to one of said scan lines,

said first gate electrode of said first sub-transistor faces a
particular face of said first channel creation area of said
first sub-transistor through a gate insulation layer sand-
wiched by said first gate electrode and said particular
face of said first channel creation area,

said second gate electrode of said second sub-transistor
faces a particular face of said second channel creation
area of said second sub-transistor through said gate insu-
lation layer sandwiched by said second gate electrode
and said particular face of said second channel creation
area,

said second sub-transistor has a shield electrode facing the
other face of said second channel creation area through
a shield insulation layer sandwiched by said shield elec-
trode and said other face of said second channel creation
area, and

said shield electrode is connected to said other source/drain
area of said second sub-transistor.

10. An organic electro luminescence display apparatus

comprising:

(1) a scan circuit;

(2) a video-signal outputting circuit;

(3) a total of MxN organic electro luminescence devices
laid out to form a two-dimensional matrix of N said
organic electro luminescence devices arranged in a first
direction and M said organic electro luminescence
devices arranged in a second direction different from
said first direction;

(4) M scan lines each connected to said scan circuit and
each stretched in said first direction;

(5) N data lines each connected to said video-signal out-
putting circuit and each stretched in said second direc-
tion; and
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(6) a current supply section, wherein

each of said organic electro luminescence devices includes
an organic electro luminescence light emitting element
and a driving circuit for driving said organic electro
luminescence light emitting element,

said driving circuit includes

(A) an element driving transistor,

(B) a video-signal write transistor,

(C) a capacitor having a pair of particular and other
electrodes, and

(D) a first-node initialization transistor,

with regard to said element driving transistor,

(A-1)asource/drain area provided on a particular side of
said element driving transistor to serve as a particular
source/drain area of said element driving transistor is
connected to said current supply section, and

(A-2) a source/drain area provided on the other side of
said element driving transistor to serve as another
source/drain area of said element driving transistor is
connected to the anode electrode of said organic elec-
tro luminescence light emitting element and said par-
ticular electrode of said capacitor, forming a second
node,

with regard to said video-signal write transistor,

(B-1)asource/drain area provided on a particular side of
said video-signal write transistor to serve as a particu-
lar source/drain area of said video-signal write tran-
sistor is connected to one of said data lines,

(B-2) a source/drain area provided on the other side of
said video-signal write transistor to serve as another
source/drain area of said video-signal write transistor
is connected to the gate electrode of said element
driving transistor and said other electrode of said
capacitor, forming a first node, and

(B-3) the gate electrode of said video-signal write tran-
sistor is connected to one of said scan lines,
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said first-node initialization transistor is a transistor with a
dual-gate structure including a first sub-transistor hav-
ing a first channel creation area as well as a first gate
electrode and including a second sub-transistor having a
second channel creation area as well as a second gate
electrode,

asource/drain area provided on a particular side of said first
sub-transistor to serve as a particular source/drain area
of said first sub-transistor is connected to a first-node
initialization voltage supply line,

a source/drain area provided on the other side of said sec-
ond sub-transistor to serve as another source/drain area
of said second sub-transistor is connected to said first
node,

said first gate electrode of said first sub-transistor and said
second gate electrode of said second sub-transistor are
connected to a first-node initialization transistor control
line,

said first gate electrode of said first sub-transistor faces a
particular face of said first channel creation area of said
first sub-transistor through a gate insulation layer sand-
wiched by said first gate electrode and said particular
face of said first channel creation area,

said second gate electrode of said second sub-transistor
faces a particular face of said second channel creation
area of said second sub-transistor through said gate insu-
lation layer sandwiched by said second gate electrode
and said particular face of said second channel creation
area,

said second sub-transistor has a shield electrode facing the
other face of said second channel creation area through
a shield insulation layer sandwiched by said shield elec-
trode and said other face of said second channel creation
area, and

said shield electrode is connected to said other source/drain
area of said second sub-transistor.

* ok %k
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