US 2009000944 1A1

12) Patent Application Publication (o) Pub. No.: US 2009/0009441 A1

a9y United States

Yamamoto et al,

(43) Pub, Date: Jan, 8, 2009

(54) ORGANIC EL DEVICE AND ORGANIC EL
DISPLAY APPARATUS

(75) Inventors: Tetsuro Yamamoto, Kanagawa

(JP); Katsuhide Uchino, Kanagawa

(JP); Junichi Yamashita, Tokyo

(IP)

Correspondence Address:
SONNENSCHEIN NATH & ROSENTHAL LLP
P.O. BOX 061080, WACKER DRIVE STATION,
SEARS TOWER
CHICAGO, IL 60606-1080 (US)
(73) Assignee: SONY CORPORATION, Tokyo
(IP)

(21) Appl.No:  12/139,017

Publication Classification

(51) Int.CL

G09G 3/30 (2006.01)
LG L AT ¢ R 345/80
(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 apair 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

(22) Filed: Jun. 13, 2008 side of the element driving transistor to serve as another
source/drain area of the element driving transistor is con-
(30) Foreign Application Priority Data nected to the anode electrode of the organic electro lumines-
cence light emitting element and the particular electrode of
Jul.3,2007  (IP) oo 2007-175540  the capacitor, forming a second node.
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ORGANIC EL DEVICE AND ORGANIC EL
DISPLAY APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] 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

[0002] 1. Field of the Invention

[0003] The presentinvention relates to an organic EL (elec-
tro 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.

[0004] 2. Description of the Related Art

[0005] 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 lumi-
nance 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 short-
coming of a complicated structure. Nevertheless, the active
matrix method offers merits such as a high degree of image
luminance.

[0006] 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 fol-
lowing description, the driving circuit employing five tran-
sistors and one capacitor is referred to as a 5Tr/1 C driving
circuit. The STr/1C driving circuit is described in documents
such as Japanese Patent Laid-open No. 2006-215213. As
shown in FIG. 36, the 5Tt/1C driving circuit employs five
transistors and a capacitor C,. The five transistors are a video-
signal write transistor T, an element driving transistor T,
a light-emission control transistor T, ., a first-node initial-
ization transistor T, and a second-node initialization tran-
sistor T .. In this configuration, the other source/drain area
of the element driving transistor T, forms a second node
ND, whereas the gate electrode of the element driving tran-
sistor Tp,,,, forms a first node ND, . In the following descrip-
tion, the other source/drain area of the element driving tran-
sistor 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,,,..
[0007] 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 insu-
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lation layer for example, so as to cover the driving circuit. The
anode electrode of the organic EL light emitting element ELP
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 C,; shown
in each figure of this specification denotes the parasitic
capacitance of the organic EL light emitting element ELP.

SUMMARY OF THE INVENTION

[0008] FIG. 4 is a diagram showing a model of timing
charts of the driving circuit. FIGS. 5A to 5D and FIGS. 6A to
6F 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 FIG. 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 initial-
ization transistor T, and the second-node initialization
transistor T, respectively in a turned-on state as shown in
FIG. 5B. Thus, an electric potential appearing on the first
node ND, becomes V ¢ which is 0 volts, for example, and an
electric potential appearing on the second node ND, becomes
Vo which is =10 volts, for example. As a result, a 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, becomes at least the threshold
voltage V ,, of the element driving transistor T, ,, putting the
element driving transistor Tp,,., in a turned-on state.

[0009] Then, during a period TP(5), shown in FIG. 4, a
threshold-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),, a light-emission control transistor control cir-
cuit 103 is driven in order to raise a light-emission control
transistor control line CLy;  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 aresult of subtract-
ing the threshold voltage V,,, of the element driving transistor
Tp,, 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 Tp,,,,
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 4~V ).
Then, during the next period TP(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 pull down the light-emission control tran-
sistor control line CL; . to alow level. The light-emission
control transistor control line CL,; . pulled down to a low
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level puts the light-emission control transistor T, ~ina
turned-off state. Subsequently, during the next period TP(5),,
first-node initialization transistor control circuit 104 is driven
in order to pull down the first-node initialization transistor
control line AZ, ., to alow level. The first-node initialization
transistor control line A7, pulled down to a low level puts
the first-node initialization transistor Ty, in a turned-off
state.

[0010] Then, during the next period TP(5)s, as shown in
FIG. 4, a signal write operation for the element driving tran-
sistor T, 1s carried out. To put it more concretely, as shown
in FIG. 6C, with the turned-off states of the first-node initial-
ization transistor T, , the second-node initialization transis-
tor Typ, and the light-emission control transistor Tx; . sus-
tained 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 Tg;, 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 c, of the capacitor C,, the parasitic
capacitance Cy; ofthe 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 T, and the other source/drain
area of the element driving transistor T,,, can be expressed by
Eq. (A) given as follows.

VerVsig(VorVa) G

gs

[0011] 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 T, ,. The
characteristics of the element driving transistor T, include
the magnitude of the mobility p of the element driving tran-
sistor Tj,,. The electric potential appearing on the other
source/drain area is an electric potential appearing on the
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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 p of the element driving transistor T ,,,,
is 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 transistor
Tp,, 1s small, on the other hand, the raise AV of an electric
potential appearing in the other source/drain area of the ele-
ment driving transistor Tj,, decreases. In the following
description, the raise AV of an electric potential appearing in
the other source/drain area of the element driving transistor
Ty, 1s 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
T,, 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=(Vop=Va)-AV ®

g5

[0012] 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 put in a turned-off state. In this state, the first
node 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 Tp,,,. On the other hand, the
light-emission control transistor Ty,  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 FL 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 poten-
tial appearing on the second node ND, rises, causing the same
phenomenon as that of the so-called bootstrap circuit to occur
in the gate electrode of the element driving transistor Tp,,.
Therefore, an electric potential appearing on the first node
ND, also increases. As a result, an electric-voltage difference
V. between the gate electrode of the element driving transis-
tor T, and the other source/drain area of the element driving
transistor Tp,,, 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 [ ,, flowing from the drain
of the element driving transistor T, to the source of the
element driving transistor T,,,,. 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 ;..



US 2009/0009441 A1

Lgs = krun(Veg — Vi) ©

=kxus(Vgg = Vop - AV)?

[0013] Thedriving and other features of the 5STr/1C driving
circuit having its outline explained so far will also described
later in detail.

[0014] 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 put in a turned-
off state. To put it more concretely, the transistors connected
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 5, 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 inthe 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.

[0015] 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 theorganic 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-transis-
tors 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 pro-
vided between the gate electrodes as a gate common area.
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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,
whichjointly 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 common source/drain area is
referred to simply as a common area. Qualitatively speaking,
a transistor designed into a dual-gate structure is more
capable of suppressing the leak current thereof than a transis-
tor having a single-gate structure. Thus, changes of the lumi-
nance of the organic EL light emitting element ELP are sup-
pressed 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 3Tt/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 transistor T, the first-node
initialization transistor T, 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
Tap; can also be designed into a dual-gate structure.

[0016] The following description explains a consideration
of an electric potential appearing in the common area A3 ina
transition of the video-signal write transistor Tg,, from a
turned-on state to a turned-off state in the 5Tr/1C driving
circuit shown in FIG. 37. FIG. 38 A 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 T,
having the dual-gate structure includes a parasitic capaci-
tance C,; between the area Al 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 45
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
Tp,,. Inthis figure, a voltage Vg, 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.

[0017] As described above, the video-signal write transis-
tor T, having the dual-gate structure includes a parasitic
capacitance C,, between the area Al and one of the gate
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electrode, a parasitic capacitance C,, between the area A2
and the other gate electrode and gate electrode parasitic
capacitances C,; between the gate electrodes and the com-
mon area A3. Thus, when the scan line SCL makes a transi-
tion 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 V. from the data line DTL is then
applied to the area Al. In addition, since the capacitor C, has
an electrostatic capacitance sufficiently greater than the para-
sitic capacitances C,,, C,, and C_,, an electric potential
appearing in the area A2 is virtually sustained at the voltage
Vi As described earliet, 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 T s, 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 Al and A2. 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.

[0018] It is to be noted that, even in the case in which the
first-node initialization transistor T,,,, is designed as a tran-
sistor having a dual-gate structure, the phenomenon
described above occurs. That is to say, even if the first-node
initialization transistor Ty, has a dual-gate structure having
first and second sub-transistors, when the first-node initial-
ization transistor T,,,, 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 Al' 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-transistor, 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-tran-
sistor 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 A1'and A2' function as the drains of the first and second
sub-transistors respectively.

[0019] 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 opera-
tion of the driving circuit employing the transistor. For
example, an electric potential appearing on the anode elec-
trode 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
electrode connected to the ground as an electrode for covering
the channel creation area of the transistor through an insula-
tion layer sandwiched by the electrode and the channel cre-
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ation 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 struc-
ture, however, if a shield electrode connected to the ground is
merely created to cover the channel creation areas A1, A2 and
A3 of the transistor, a leak current increases, raising a prob-
lem. 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 potential on the minus side when the transistor
makes a transition from a turned-on state to a turned-off state,
the shield electrode 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.

[0020] 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 transistor connected to a first node ND, of the organic EL
device so as to sustain the effect of creating the transistor into
a dual-gate structure and innovated an organic EL display
apparatus making use of the organic EL device.

[0021] In accordance with a first or second embodiment of
the present invention, there is provided an organic EL display
apparatus employing:

[0022] (1) a scan circuit;
[0023] (2) a video-signal outputting circuit;
[0024] (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;

[0025] (4) M scan lines each connected to the scan circuit
and each stretched in the first direction;

[0026] (5) N data lines each connected to the video-signal
outputting circuit and each stretched in the second direction;
and

[0027] (6) a current supply section.

[0028] 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 follow-
ing description, the organic EL device employed in the
organic EL display apparatus according to the first embodi-
ment 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 embodiment of the present invention. The driving
circuit includes:

[0029] (A)an element driving transistor;

[0030] (B)a video-signal write transistor; and

[0031] (C)a capacitor having a pair of particular and other
electrodes.

[0032] With regard to the element driving transistor,
[0033] (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 con-
nected to the current supply section; and

[0034] (A-2)asource/drain area provided on the other side
of the element driving transistor to serve as another source/
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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.

[0035] 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 transistor. 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 addition, 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.

[0036] In addition, in the first embodiment of the present
invention, there is provided an organic EL device

wherein:

[0037] 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;

[0038] 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 one of the data
lines;

[0039] 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 gate electrode of
the element driving transistor and the other electrode of the
capacitor, forming the first node;

[0040] the first gate electrode of the first sub-transistor and
the second gate electrode of the second sub-transistor are
connected to one of the scan lines;

[0041] 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;

[0042] the second gate electrode of the second sub-transis-
tor faces a particular face of the second channel creation area
of the second sub-transistor through the gate insulation layer
sandwiched by the second gate electrode and the particular
face of the second channel creation area;

[0043] the second sub-transistor has a shield electrode fac-
ing 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
[0044] the shield electrode is connected to the other source/
drain area of the second sub-transistor.

[0045] The organic EL device employed in the organic EL,
display apparatus provided in accordance with the second
embodiment of the present invention as an apparatus and an
organic EL device provided in accordance with the second
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 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
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invention are each referred to simply as an organic EL device
according to the second embodiment of the present invention.
The driving circuit includes:

[0046] (A)an element driving transistor;

[0047] (B) a video-signal write transistor;

[0048] (C)a capacitor having a pair of particular and other
electrodes; and

[0049] (D) a first-node initialization transistor.

[0050] With regard to the element driving transistor,
[0051] (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 con-
nected to the current supply section; and

[0052] (A-2)asource/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;

[0053] With regard to the video-signal write transistor,
[0054] (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;

[0055] (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
[0056] (B-3) the gate electrode of the video-signal write
transistor is connected to one of the scan lines.

[0057] Inaddition, in the second embodiment of the present
invention, there is provided an organic EL device wherein:
[0058] the 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 chan-
nel creation area as well as a second gate electrode;

[0059] 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;

[0060] 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;
[0061] the first gate electrode of the first sub-transistor and
the second gate electrode of the second sub-transistor are
connected to a first-node transistor control line;

[0062] 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;

[0063] the second gate electrode of the second sub-transis-
tor faces a particular face of the second channel creation area
of the second sub-transistor through the gate insulation layer
sandwiched by the second gate electrode and the particular
face of the second channel creation area;

[0064] the second sub-transistor has a shield electrode fac-
ing 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
[0065] the shield electrode is connected to the other source/
drain area of the second sub-transistor.
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[0066] Tt is to be noted that, in the organic EL device pro-
vided in accordance with the second embodiment of the
present invention as a device having the preferred configura-
tion described above, the video-signal write transistor, for
example, can have a single-gate structure or a dual-gate struc-
ture. If the video-signal write transistor is a transistor having
a dual-gate structure, 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 initial-
ization transistor and the video-signal write transistor in a
variety of ways are explained below by referring to atable. 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 initializa-
tion 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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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.

[0068] 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 transistor 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
embodiments of the present invention with a configuration in
which a second-node initialization transistor is further pro-
vided 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 initialization transistor, the source/drain area provided

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 0 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 0 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 O ) X X X
14 O ) O ) ) ) X X
15 O ) O ) ) X O X
16 O O O O ) ) O O
[0067] In the organic EL display apparatus provided in on a particular side of the second-node initialization transistor

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 embodi-
ment, a variety of circuits such as the scan circuit and the
video-signal outputting circuit, a variety oflines including the
scan and data lines, the current supply section and the organic
EL light emitting element ELP can each 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 element 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 electrode. In the following description, the organic
EL display 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

to serve as a particular source/drain area of the second-node
initialization transistor is connected to a second-node initial-
ization voltage supply line, the source/drain area provided on
the other side of the second-node initialization transistor to
serve as another source/drain area of the transistor is con-
nected to the second node whereas the gate electrode is con-
nected to a second-node initialization transistor control line.
As an alternative, it is 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 control 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, achannel 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
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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.

[0069] Ingeneral,itis possibleto provide a configuration in
which the driving circuit employed in the organic EL device
according 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.

[0070] Each of the transistors employed in the driving cir-
cuit 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
Transistor) of a p-channel type. It is possible to provide a
configuration in which the capacitor has an electrode on a
particular side, another electrode on the other side as well as
a dielectric layer sandwiched by the electrode on the particu-
lar side and the electrode on the other side. The particular and
other electrodes mentioned so far are respectively the elec-
trodes on the particular and other sides of the capacitor. The
transistors and the capacitor, which are employed in the driv-
ing circuit, are created on a certain plain such as a support
body. On the other hand, the organic EL light emitting ele-
ment 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
sandwiched by the organic EL light emitting element on one
side and the transistors 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 element 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
possibleto provide a configuration in which the transistors are
created on a semiconductor substrate or the like.

[0071] In the organic EL device according to the first
embodiment of the present invention, the second sub-transis-
tor 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-tran-
sistor and as the first node. As described above, when the
video-signal write transistor makes a transition from a turned-
on state to a turned-off state, the common area becomes the
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source of the second sub-transistor whereas the other source/
drain area of the second sub-transistor becomes the drain of
the second sub-transistor. 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 specifica-
tions of the organic EL device. Itis 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 invention can also be properly set in accordance with
the design specifications of the organic EL device.

[0072] In the organic ELL device according to the second
embodiment of the present invention, the second sub-transis-
tor 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-tran-
sistor 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 pro-
vided on the other side of the first-node initialization transis-
tor to serve as the other source/drain area of the first-node
initialization transistor is connected to the first node, virtually
forming the first node. The shield electrode is virtually con-
nected to the first node, which is the source/drain area pro-
vided on the other side of the second sub-transistor to serve as
the other source/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 ELL 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 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 second embodiment of the present
invention can also be properly set in accordance with the
design specifications of the organic EL device.

[0073] The organic electro luminescence display apparatus
also referred to hereafter simply as an organic EL display
apparatus 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 gen-
erating 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, implemen-
tations of the organic EL display apparatus are by no means
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limited to this configuration. For example, the organic EL
display apparatus can also be configured to function as the
so-called monochrome display apparatus.

[0074] 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.

[0075] 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.

[0076] As a rule, the following description explains the
process to drive an organic EL device provided at the inter-
section of an mth row and an nth column where n=1, 2,3 . ..
or N whereas 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)th sub-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 a threshold-voltage cancel process, a signal
write process and a mobility correction process, which are to
be described later, are completed. In the following descrip-
tion, 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 can-
cel process and pre-processing accompanying the threshold-
voltage cancel process can be carried out prior to the mth
horizontal scan period.

[0077] Then, after the various processes described above
have all been completed, the organic EL light emitting ele-
ment 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 com-
pleted, the organic EL light emitting element employed in
each of the organic EL devices arranged on an mth row can be
driven to emit light immediately or the organic EL light
emitting element employed in each of the organic EL devices
arranged on an mth row can be driven to emit light upon the
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lapse of a predetermined period of time. For example, the
predetermined 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
immediately. Then, itis assumed that the light emission ofthe
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 is 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
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.

[0078] With regard to two source/drain areas of a transistor,
aphrase 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
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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.

[0079] 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 sand-
wiched by the shield electrode and the other face of the
second channel creation area. The shield electrode is con-
nected 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 video-signal write transistor
makes a transition from a turned-on state to a turned-off state,
adepletion 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 effec-
tively suppressed. As a result, it is possible to improve the
uniformity of the luminance of the organic EL display appa-
ratus.

[0080] In addition, also as described above, in the organic
EL device according to the second embodiment of the present
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
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in the capacitor can be effectively suppressed. As a result, it is
possible to improve the uniformity of the luminance of the
organic BL display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0081] FIG. 1is a diagram showing an equivalent circuit of
a driving circuit employed in an organic EL device according
to a first embodiment;

[0082] FIG. 2 is a conceptual diagram showing an organic
EL display apparatus according to the first embodiment;
[0083] 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;

[0084] FIG. 4 shows a model of timing charts of the driving
circuit employed in the organic EL device according to the
first embodiment;

[0085] FIGS. 5A to 5D are diagrams each showing a model
of the organic EL device according to the first embodiment as
amodel 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;

[0086] Serving as a continuation of FIG. 5D, FIGS. 6A to
6F are diagrams each showing a model of the organic EL
device according to the first embodiment as a model repre-
senting turned-on and turned-off states of the transistors
employed in the driving circuit of the organic EL device
according to the first embodiment;

[0087] 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;, is put in a turned-off
state during the period TP(5).;

[0088] FIG. 7B is a diagram showing a model of a change
caused by adding the shield electrode as a typical change ofa
current-voltage characteristic;

[0089] FIG. 8is a diagram showing an equivalent circuit of
a driving circuit employed in an organic EL device according
to a second embodiment;

[0090] 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;

[0091] Serving as a figure corresponding to FIG. 7A, FIG.
9B is 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 s put in
a turned-off state during a period TP(5),;

[0092] FIG.10A is a diagram showing an equivalent circuit
of adriving circuitemployed in the organic EL device accord-
ing to the third embodiment;

[0093] FIG. 10B is a diagram showing a model represent-
ing a partial cross section of a portion of the organic EL device
according to the third embodiment;

[0094] FIG. 11A is a diagram showing an equivalent circuit
of adriving circuitemployed in the organic EL device accord-
ing to the fourth embodiment;

[0095] FIG. 11B is a diagram showing a model represent-
ing a partial cross section of a portion of the organic EL device
according to the fourth embodiment;

[0096] FIG.12A is a diagram showing an equivalent circuit
ofadriving circuitemployed in the organic EL device accord-
ing to the fifth embodiment;

[0097] FIG. 12B is a diagram showing a model represent-
ing a partial cross section of a portion of the organic EL device
according to the fifth embodiment;
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[0098] FIG.13A is a diagram showing an equivalent circuit
of adriving circuit employed in the organic EL device accord-
ing to the sixth embodiment;

[0099] FIG. 13B is a diagram showing a model represent-
ing a partial cross section of a portion of the organic EL device
according to the sixth embodiment;

[0100] FIG.14A is a diagram showing an equivalent circuit
ofadriving circuit employed in the organic EL device accord-
ing to the seventh embodiment;

[0101] FIG. 14B is a diagram showing a model represent-
ing a partial cross section of a portion of the organic EL device
according to the seventh embodiment;

[0102] FIG.15A s adiagram showing an equivalent circuit
of adriving circuit employed in the organic EL device accord-
ing to the eighth embodiment;

[0103] FIG. 15B is a diagram showing a model represent-
ing a partial cross section of a portion of the organic EL device
according to the eighth embodiment;

[0104] FIG. 16 is a diagram showing an equivalent circuit
of a first modified version implementing the basic configura-
tion of a 4Tr/1C driving circuit employed in an organic EL
device according to a ninth embodiment;

[0105] FIG.17 is aconceptual diagram showing an organic
EL display apparatus employing the organic EL device hav-
ing the 4Tr/1C driving circuit;

[0106] FIG. 18 shows a model of timing charts of the 4Tr/
1C driving circuit which basically employs four transistors
and one capacitor;

[0107] 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 cir-
cuit;

[0108] Servingas acontinuation 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 rep-
resenting turned-on and turned-off states of transistors
employed in the 4Tr/1C driving circuit;

[0109] FIG. 21 is a diagram showing an equivalent circuit
ofa second modified version implementing the basic configu-
ration of a 3Tr/1C driving circuit employed in an organic EL,
device according to the ninth embodiment;

[0110] FIG. 22 is aconceptual diagram showing an organic
EL display apparatus employing the organic EL device hav-
ing the 3Tr/1C driving circuit;

[0111] FIG. 23 shows a model of timing charts of the 3Tr/
1C driving circuit which basically employs three transistors
and one capacitor;

[0112] FIGS. 24A to 24D 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 the transistors employed in the 3Tr/1C driving cir-
cuit;

[0113] Serving as a continuation of F1G. 24D, FIGS. 25A to
25E are diagrams each showing a model of the organic EL
device employing the 3Tr/1C driving circuit as a model rep-
resenting turned-on and turned-off states of transistors
employed in the 3Tr/1C driving circuit;

[0114] FIG. 26 is a diagram showing an equivalent circuit
of a third modified version implementing the basic configu-
ration of a 2Tr/1C driving circuit employed in an organic EL
device according to the ninth embodiment;
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[0115] FIG. 27 is a conceptual diagram showing an organic
EL display apparatus employing the organic EL device hav-
ing the 2Tr/1C driving circuit;

[0116] FIG. 28 shows a model of timing charts of the 27Tr/
1C driving circuit which basically employs two transistors
and one capacitor;

[0117] FIGS. 29A to 29F are diagrams each showing a
mode] 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 cir-
cuit;

[0118] FIG. 30 shows amodel representing timing charts of
the 2Tr/1C driving circuit as timing charts other than those
shown in FIG. 28;

[0119] FIG. 31 is a diagram showing an equivalent circuit
ofasecond 3Tr/1C driving circuit employed in an organic EL
device according to a tenth embodiment;

[0120] FIG. 32 is aconceptual diagram showing an organic
EL display apparatus employing the organic EL device hav-
ing the second 3Tr/1C driving circuit;

[0121] FIG. 33 shows a model of timing charts of the sec-
ond 3Tr/1C driving circuit which basically employs three
transistors and one capacitor;

[0122] FIGS. 34A to 34D are diagrams each showing a
model of the organic EL device employing the second 3Tt/1C
driving circuit as a model representing turned-on and turned-
off states of the transistors employed in the second 3Tr/1C
driving circuit;

[0123] Serving as a continuation of F1G. 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] representing turned-on and turned-off states of tran-
sistors employed in the second 3Tr/1C driving circuit;
[0124] FIG. 36 is a diagram showing an equivalent circuit
of a 5Tr/1C driving circuit employed in an organic EL device;
[0125] FIG. 37 is a diagram showing a typical equivalent
circuit of the above 5Tt/1C driving circuit in which a video-
signal write transistor Ty, is designed into a dual-gate struc-
ture; and

[0126] FIGS. 38A to 38C are diagrams each showing a
more detailed configuration of the above 5Tt/1C driving cir-
cuit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0127] Embodiments of the present invention are explained
by referring to diagrams as follows. The first to fourth
embodiments 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.
[0128] To put it more concretely, in accordance with the
firstembodiment, the video-signal write transistor is provided
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-
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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.

[0129] In addition, in accordance with the fifth embodi-
ment, the first-node initialization transistor is provided with a
first shield electrode. In accordance with the sixth embodi-
ment, the first-node initialization transistor is provided with
the first shied electrode as well as a second shield electrode. In
accordance with the seventh embodiment, the first-node ini-
tialization 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
provided 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 driv-
ing circuits according to the fifth to eighth embodiments.

First Embodiment

[0130] 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 of the
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.

[0131] FIG.1isa diagram showing an equivalent circuit of
adriving 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 5D and FIGS. 6A to 6E shows a model of turned-on and
turned-off states of transistors employed in the driving circuit.
Itis 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.

[0132] First ofall, the organic EL display apparatus accord-
ing to the first embodiment is explained. As shown in FIG. 2,
the organic EL, display apparatus according to the first
embodiment employs:

[0133] (1) a scan circuit 101;
[0134] (2) a video-signal outputting circuit 102;
[0135] (3) MxN organic EL devices 10 laid out to form a

two-dimensional matrix of N aforementioned organic EL
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devices 10 arranged in a first direction and M aforementioned
organic EL devices 10 arranged in a second direction different
from the first direction;

[0136] (4) M scan lines SCL each connected to the scan
circuit 101 and each stretched in the first direction;

[0137] (5) N data lines DTL each connected to the video-
signal outputting circuit 102 and each stretched in the second
direction; and

[0138] (6) a current supply section 100.

[0139] Theorganic EL display apparatus employed in each
of the second to tenth embodiments to be described later has
aconfiguration identical with the configuration of the organic
EL display apparatus explained above as the organic EL
display apparatus according to the first embodiment.

[0140] 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.

[0141] 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 configu-
ration and/or a structure which are already generally known.
To put it more concretely, for example, the organic EL light
emitting element 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 electrode. 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
aconfiguration 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
identical with the configuration of the organic EL device
according 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 ofthe organic EL light emitting element ELP employed
in the organic EL device according to the first embodiment.
[0142] The driving circuit shown in FIG. 1 as a driving
circuit according to the first embodiment has a configuration
including 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:

[0143] (A)an element driving transistor T,
[0144] (B) a video-signal write transistor T, ; and
[0145] (C) a capacitor C, having a pair of particular and

other electrodes.
[0146] In addition, the driving circuit according to the first
embodiment also includes:

[0147] (D) a first-node initialization transistor Typ,;
[0148] (E)asecond-nodeinitialization transistor Ty;,; and
[0149] (F) a light-emission contro] transistor Tp; .
[0150] A driving circuit employed in an organic EL device

according 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.
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[0151] Each of the element driving transistor T,,, the
video-signal write transistor T, the first-node initialization
transistor Tn,p;, the second-node initialization transistor
Typ, and the light-emission control transistor T, . is an
n-channel 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
embodiments to be described later has a configuration iden-
tical with the configuration of every transistor employed in
the organic EL device according to the first embodiment. [t is
to be noted that, for example, the light-emission control tran-
sistor T, . can also be designed as a TFT of a p-channel
type.

[0152] In the element driving transistor T,

[0153] (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}, 1s connected to the current supply section 100; and
[0154] (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 element ELP and the particular electrode of the
capacitor C |, forming a second node ND,. An element driving
transistor T, , 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
element driving transistor T, employed in the organic EL
device according to the first embodiment.

[0155] In the light emission state of the organic EL device
10, the element driving transistor T 5,,, s driven to flow a drain
current 1, according Eq. (1) given below. In the light emis-
sion 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
particular source/drain area of the element driving transistor
T, 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:

[0156] . effective mobility
[0157] L: channel length
[0158] W: channel width

[0159] V. difference in electric potential between the gate
electrode and the source area

[0160] V,,: threshold voltage

[0161] C,y: (specific permittivity of the gate insulation
layer)*(permittivity of the vacuum)/(thickness of the gate
insulation layer)

k(WA (LY Cox

[0162] The above description of the notations also holds
true of the second to tenth embodiments to be described later.

Lk (V) (1

[0163] 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
1, controls 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
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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.

[0164] 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 emploved 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 Ty, . 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.

[0165] Inthe first embodiment, the video-signal write tran-
sistor T;,, has a semiconductor layer 33, source/drainareas on
the semiconductor layer 33 and a channel creation area
between the source/drain areas. As shown in FIGS. 1and 3, in
the first embodiment, the video-signal write transistor Tg;,
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 T, , including a second gate elec-
trode 31B, a second source/drain area 358 as well as a second
channel creation area 34B. A video-signal write transistor
Ts,, 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.

[0166] 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
T, and the particular source/drain area of the second sub-
transistor Ty, , overlap each other. The first (particular)
source/drain area 35A of the first sub-transistor Tg,, | 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 elec-
trode of the element driving transistor Tp,,, and the other
electrode 36 of the capacitor C,, forming the first node ND),.
The first gate electrode 31A of the first sub-transistor Ty, ,
and the second gate electrode 31B of the second sub-transis-
tor T, , are connected to a scan line SCL. The first gate
electrode 31 A of the first sub-transistor T, , faces a particu-
lar face of the first channel creation area 34A of the first
sub-transistor T, , through a gate insulation layer 32 sand-
wiched by the first gate electrode 31 A and the particular face
of the first channel creation area 34A. The second gate elec-
trode 31B of the second sub-transistor Tg,, , faces a particu-
lar face of the second channel creation area 34B of the second
sub-transistor Ty, , through the gate insulation layer 32
sandwiched by the second gate electrode 31B and the particu-
lar face of the second channel creation area 34B. A video-
signal write transistor Tg;, is connected to other components
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in each of the second, third, fourth and ninth embodiments to
be described later in the same way as the video-signal write
transistor Tg;, explained above as a transistor for the first
embodiment.

[0167] In addition, the second sub-transistor Ty, , has a
shield electrode 42 facing the other face of the second channel
creation area 34B of the second sub-transistor T, , through
a shield insulation layer 40 sandwiched by the shield elec-
trode 42 and the other face of the second channel creation area
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 Ty, , 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.

[0168] Itisto benoted that each of the other transistors also
has a configuration 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 second, third, fourth and ninth embodiments to be
described later has the same configuration as each of the other
transistors in the first embodiment.

[0169] 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 31 A, 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 (particu-
lar) source/drain area 35A of the first sub-transistor T, ,, of
the video-signal write transistor Tg,, is connected to the wire
38 whereas the second (other) source/drain area 35B of the
second sub-transistor Tg,, , of the video-signal write transis-
tor T, s connected to the other electrode 36. The video-
signal write transistor T, the capacitor C, and other com-
ponents 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
transport 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 transpar-
ent substrate 21 is provided on the second inter-layer insula-
tion 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.
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[0170] The transistors, the capacitor C,, a variety of wires
including the wire 38, a variety of electrodes including the
shield electrode 42 and other components can be created by
adopting 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.
[0171] 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 transistor Ty, is connected to a data line DTL. The
video-signal 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 Vi, to the first (particular)
source/drain area 35A. The signals and voltages other thanthe
voltage Vg, include a signal for pre-charge driving and a
reference voltage. In addition, operations to turn on and off
the video-signal write transistor T, , are controlled by a signal
appearing on a scan line SCL connected to the gate electrodes
31A and 31B of the video-signal write transistor Tg;,. 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, seventh, eighth and tenth embodiments
to be described later.

[0172] The particular source/drain area of the first-node
initialization transistor T, is connected to a first-node ini-
tialization voltage supply line PS,,, whereas the other
source/drain area of the first-node initialization transistor
Top; is connected to the first node ND, . The gate electrode of
the first-node initialization transistor T, 1s connected to a
first-node initialization transistor control line AZ,,,, which is
connected to a first-node initialization transistor control cir-
cuit 104. The connections of the first-node initialization tran-
sistor T, to other components in the second to fourth
embodiments to be described later are the same as the con-
nections of the first-node initialization transistor T, to
other components in the first embodiment described above.
[0173] Operations to turn on and off the first-node initial-
ization transistor T,,,,, 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 Typ,. A voltage V o 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.

[0174] The particular source/drain area of the second-node
initialization transistor T, is connected to a second-node
initialization voltage supply line PS,,,, whereas the other
source/drain area of the second-node initialization transistor
Tpz 18 connected to the second node ND,,. The gate electrode
of the second-node initialization transistor T, 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-
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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 Tz, to other components in the
first embodiment described above.

[0175] Operations to turn on and off the second-node ini-
tialization transistor T, are controlled by a signal appearing
on the second-node initialization transistor control line
AZ,, connected to the gate electrode of the second-node
initialization transistor T,,. A voltage V¢ for initializing
the second node ND, is asserted on the second-node initial-
ization voltage supply line PS,,,,. 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 embodi-
ment also to be described later.

[0176] Thedrain 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.

[0177] To putitmore concretely, the particular source/drain
area of the light-emission control transistor Tz,  is con-
nected to the current supply section 100 generating the volt-
age V. whereas the other source/drain area of the light-
emission contro] transistor Tz; . is connected to the drain
area of the element driving transistor Tp,,,.. In addition, opera-
tions to turn on and off the light-emission control transistor
T, o arecontrolled by a signal appearing on the light-emis-
sion control transistor control line CL,, . connected to the
gate electrode of the light-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 Tx;  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 embodi-
ments to be described later, the 4Tr/1C driving circuit serving
as the first modified version of the driving circuit in accor-
dance with the ninth embodiment also to be described later
and the tenth embodiment also to be described later.

[0178] 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 Tj,,. A voltage
Ve, 18 applied to the cathode area of the organic EL light
emitting element ELP. In the figure, notation C,, denotes the
parasitic capacitance 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
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true of the second to tenth embodiments to be described later.
The voltage V,,, 1, is the threshold voltage of the organic EL
light emitting element ELP.

[0179] It is to be noted that the 5Tr/1C driving circuit
explained before by referring to FIG. 36 has the same con-
figuration as the first embodiment except that the video-signal
write transistor T, employed in the STt/1C driving circuit
shown in FIG. 36 has a single-gate structure.

[0180] The description given so far has explained the
organic EL display apparatus according to the first embodi-
ment, the organic EL device 10 employed in the organic EL
display apparatus as the organic EL device according to the
firstembodiment and the STr/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.

[0181] 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-of state
during a period TP(5), to be described later. In this embodi-
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.

[0182] 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 appear-
ing on the data line 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 T, in turned-
on state. Thus, electric potential appearing on each of the first
(particular) source/drain area 35A, the first channel creation
area 34A, the common source/drain area 35C, the second
channel creation area 34B, the second (other) source/drain
area 35B, a wire 41, the shield electrode 42 and the other
electrode 36 is the voltage Vg, of 15 volts, for example.
[0183] Then, in the period TP(5),, 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 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 side relative to the particular source/drain area
35A and other source/drain area 35B of the video-signal write
transistor Tg,,. An example of the potential on the minus side
relative to the particular source/drain area 35A and other
source/drain area 35B of the video-signal write transistor T,
1s 0 volts. Thus, in this state, the common source/drain area
35C serves as a source area common to the first sub-transistor
T, , and the second sub-transistor T,, , whereas the first
(particular) source/drain area 35A functions as the drain area
of the first sub-transistor T, , while the second (other)
source/drain area 35B functions as the drain area of the sec-
ond sub-transistor Ty, ».
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[0184] 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.

[0185] 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
configuration including the added shield electrode 42
whereas a dashed line represents the current-voltage charac-
teristic for a configuration including no added shield elec-
trode 42. The horizontal axis in FIG. 7B represents a voltage
V51535 applied between the second gate electrode 31B and
the common source/drain area 35C. As described above, ina
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;5z 55~ 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
Tg;, o 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 Tg,, , 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
Ts;e » formed by the second channel creation area 34B with
a configuration including the shield electrode 42. In the case
of a configuration including the shield electrode 42, if the
voltage V5| 5 3515 on the 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 1555 55~
represented by the solid-line graph in comparison with the
current Iy 55 ~represented by the dashed-line graph. That is
to say, the magnitude of the leak current in this turned-off
state is reduced.

[0186] 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 5Tr/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
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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.

[0187] In the following description, it is assumed that a
state of light emission starts immediately after completion of
all various 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.

[0188] Inthe following description which also holds true of
the second to tenth embodiments to be described later, the
magnitudes 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.

[0189] Vg, is avideo signal for controlling the luminance
of the organic EL light emitting element ELP. This signal is a
voltage in the range 0 to 15 volts.

[0190] V.. is a voltage 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.

[0191] 'V, is a voltage for initializing an electric potential
appearing on the gate electrode of the element driving tran-
sistor Tp,,.,, that is, for initializing an electric potential appear-
ing on the first node ND, . This voltage is set at O volts.
[0192] Vg.is a voltage for initializing an electric potential
appearing 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.
[0193] V,, is the threshold voltage of the element driving
transistor T, This voltage is 3 volts.

[0194] V., isavoltage applied to the cathode electrode of
the organic EL light emitting element ELP. This voltage is 0
volts.

[0195] V,, ; is 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)

[0196] Inaperiod TP(5)_,, for example, operations for the
immediately 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 emis-
sion. 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 Ty, , the first-node initialization
transistor Ty, and the second-node initialization transistor
T,p, 1s in a turned-off state whereas each of the light-emis-
sion control transistor T; . and the element driving transis-
tor Tp,, 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.

[0197] Periods TP(5), to TP(5), shown in FIG. 4 are opera-
tion periods from completion of the light emission state fol-
lowing completion of the various previous processes to a time
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immediately prior to execution of the next signal write pro-
cess. The periods TP(5), to TP(5), form a sequence of periods
having aduration stretched for example from the beginning of
the (m+m")th horizontal scan period of the immediately pre-
ceding display frameto 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.

[0198] 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
emission. That is to say, in the periods TP(5), and TP(5), and
the periods TP(5), to TP(5),, the light-emission control tran-
sistor T; - 1s in a turned-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,; 1s
in a turned-on state. In this period, however, a threshold-
voltage cancel process 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.

[0199] 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),

[0200] 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 Tg,,, the
first-node initialization transistor T,,,, and the second-node
initialization transistor Ty, 1s in a turned-off state. In addi-
tion, at the time of a transition from the period TP(5)_, to the
period TP(5),, the light-emission control transistor Tp; . 1s
in a turned-off state so that an electric potential appearing on
the second node ND, drops to a voltage of (V;,_zr+V ),
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
anodeelectrode 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)

[0201] Inthenext period TP(5),, pre-processing for execu-
tion 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 cir-
cuit 105 operate to set the first-node initialization transistor
control line AZ,,,,, and the second-node initialization transis-
tor control line AZ,,,, respectively at high levels putting the
first-node initialization transistor T,,,, and the second-node
initialization transistor Ty, respectively in a turned-on state.
As a result, an electric potential appearing on the first node
ND, becomes the voltage V ,, 0f 0 volis, for example, and an
electric potential appearing on the second node ND, becomes
the voltage Vo which is -10 volts, for example. In addition,
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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
Tmps in a turned-off state. Tt 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 Tp, or the second-node initialization transistor T,
can be put in a turned-on state before the first-node initializa-
tion transistor Ty, .

[0202] By carrying out the processing 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 ,,,, reaches a voltage atleast 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(5), (With reference to FIGS. 4 and 5D)
[0203] Then, during the following period TP(5), shown in
FIG. 4, a threshold-voltage cancel process is carried out. As
shown in FIG. 5D, with the turned-on state of the first-node
initialization transistor Ty, sustained as it is, at the begin-
ning of the period TP(5),, the light-emission control transis-
tor control circuit 103 is driven in order to raise a light-
emission control transistor control line CLz; . to a high
level. The light-emission control transistor control line
CL; (raised to a high level puts the light-emission control
transistor Ty, . 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 poten-
tial between the gate electrode of the element driving transis-
tor T, and the source area of the element driving transistor
T, reaches the threshold voltage V,;, of the element driving
transistor T ,,, the element driving transistor T, 1s 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 54~V ;,)==3 volts
(>Vso) and eventually becomes equal to the voltage differ-
ence of (V .-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.

VoV <V itV cad) 2

[0204] Inthe period TP(5),, the electric potential appearing
on the second node ND, eventually becomes equal to the
voltage difference of (V5-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 transistor Ty, and the voltage V ,; used for initializ-
ing the gate electrode of the element driving transistor Tp,..
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)

[0205] In the following period TP(5),, with the turned-on
state of the first-node initialization transistor T,,,, sustained
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as it is, the light-emission control transistor control circuit
103 is driven in order to set the light-emission control tran-
sistor control line CL;  at a low level so as to put the
light-emission control transistor Tz, . 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 0f 0
volts and the electric potential appearing on the second node
ND, in afloating state also does not change but is sustained at
the voltage difference of (V 4=V ;) which is =3 volts.

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

[0206] Inthe following period TP(5),, the first-node initial-
ization 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
Tp, 10 aturned-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 capaci-
tance C, between the gate electrode of the element driving
transistor Tp,, and the source area of the element driving
transistor T,,,,, and the like. However, the changes of the
electric potential appearing on the first node ND; and the
electric potential appearing on the second node ND, can be
normally ignored.

[0207] 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(5)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(5); 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)

[0208] In the following period TP(5),, a signal write pro-
cess for the element driving transistor T, 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
second-node initialization transistor Ty, and the light-emis-
sion 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
corresponding to the video signal Vg, . This voltage is thus a
video signal (also referred to as a driving signal or a lumi-
nance signal) V. 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 Ty, in a turned-on
state. Itis to be noted that the video-signal write transistor T,
putin a turned-on state means that both the first sub-transistor
Ty, and the second sub-transistor Tg;, , 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, 5 is in a
turned-off state. As a result, an electric potential appearing on
the first node ND, rises to the voltage V.
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[0209] Let notation ¢, denote the magnitude of the capaci-
tance ¢, of the capacitor C,, notation C; denote the magni-
tude 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
T,,..- When an electric potential appearing on the gate elec-
trode of the element driving transistor Tp,,, rises from the
voltage V. to the voltage V. (>V ), 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 Cr; is sufficiently large in compari-
son with the capacitance ¢, of the capacitor C, and magnitude

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,
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 Tp,,.,.. The electric
potentials V_and V_ have values shown below. Thus, an elec-
tric potentiaf difference V,, between the gate electrode of the
element driving transistor T, of the element driving transis-
tor T 5, and source area of the element driving transistor T 5.,
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,.

V= Vsig
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[0210] The electric-potential difference V, obtained as a
result of the signal write process carried out for the element
driving transistor Tp,, is dependent on only the voltage V.
for controlling the luminance of the organic EL light emitting
element ELP, the threshold voltage V,, of the element driving
transistor Tp,,, and the voltage V , for initializing the gate
electrode 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(5), (With Reference to FIGS. 4 and 6D)

[0211] In the following period TP(5),, a mobility correc-
tion process is carried out. The mobility correction process is
aprocess 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, .

[0212] Ingeneral, 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.

[0213] In order to solve the problem of losing screen uni-
formity, with the turned-on state of the element driving tran-
sistor T, sustained as it is, the light-emission control tran-
sistor control circuit 103 is driven in order to set the light-
emission control transistor control line CL;; to ahigh level
so as to put the light-emission control transistor T, ~ina
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 at a low level so as to put the video-
signal write transistor T, in a turned-ofl state and the first
node ND, serving as the gate electrode of the element driving
transistor T, in a floating state. As a result of these opera-
tions, 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 element driving transistor T, is large,
ortheraise AV of the electric potential appearing in the source
area of the element driving transistor T, decreases if the
mobility pt of the element driving transistor T, , is small. The
raise AV of the electric potential appearing in the source area
of the element driving transistor T, is referred to as an
electric-potential correction value. The expression of the
electric-potential difference V,, between the gate electrode of
the element driving transistor T,,, and source area of the
element driving transistor T ,,, is changed from Eq. (3) to Eq.
(4) given as follows:

V. ""VSig‘( VOfs_ Vth)_A 4 (4)

s
[0214] Inaddition, it is 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
addition, the entire length to of the period TP(5), is deter-
mined so that the electric potential of (V o~V ,+AV) appear-
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ing in the source area of the element driving transistor T, 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)*C o) 1s also corrected as well at the same time
as the mobility correction process.

Vop=VatAV)<(Vap1+V car) )

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

[0215] 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 a result 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 Tg,, 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 transistor Tz, . is sustained in order to keep the drain
area of the light-emission control transistor T; inastateof
being connected to the current supply section 100 for control-
ling the light emission of the organic EL light emitting ele-
ment 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.

[0216] As described above, the gate electrode of the ele-
ment driving transistor T, is put in a floating state and, on
top of that, the capacitor C, exists. Thus, the same phenon-
enon as that of the so-called bootstrap circuit occurs at the
gate electrode of the element driving transistor T,.,, also
raising an electric potential appearing onthe firstnode ND, as
well. As aresult, the electric-potential difference V, between
the gate electrode of the element driving transistor T, and
source area of the element driving transistor T, is keptat a
value expressed by Eq. (4).

[0217] Inaddition, as the electric potential appearing on the
second node ND, increases, exceeding a level represented by
an expression of (V,, -, +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 Tp,,,, 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=l u* (V= Vop—A vy (3)

[0218] Thus, if the voltage V5 is set at O volts for example,
the drain current I, flowing through the organic EL light
emitting element ELP is proportional to the square of a dif-
ference obtained as a result of subtracting the electric-poten-
tial correction value AV based on the mobility p of the ele-
ment driving transistor T ,,,, from the value of the video signal
Ve for controlling the luminance of the organic EL light
emitting element ELP. As described earlier, the electric-po-
tential correction value AV is a value for correcting the elec-
tric potential appearing on the second node ND, serving as
the source area of the element driving transistor T 5, . In other
words, the drain current 1, 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
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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,,_., 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 .

[0219] In addition, the larger the mobility p of the element
driving transistor T, the larger the electric-potential cor-
rection value AV and, hence, the smaller the quantity
described on the left-hand side of Eq. (4) as a quantity repre-
senting the electric-potential difference V. Thus, even if the
mobility pofthe element driving transistor T, increases, the
value of an expression of (V Sl.g—\/'ofs—AV)2 decreases. As a
result, the drain current I, can be corrected. That is to say,
even for the organic EL devices 10 employing element driv-
ing transistors T, with mobilities p different from each
other, if the same voltage V., is supplied to the organic EL
devices 10, the drain currents I ;. flowing through the element
driving transistors T, 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 p and also caused by variations of
the coeflicient k as variations of the luminance of the organic
EL light emitting element ELP.

[0220] 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)_,.

[0221] 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

[0222] 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.
[0223] 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
embodiment, 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.

[0224] FIG. 2 can also be referred to as a conceptual dia-
gram showing the organic EL display apparatus according to
the second embodiment. FIG. 8 is a diagram showing an
equivalent 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 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),.
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[0225] Timing charts of driving operations carried out by
the driving circuit according to the second embodiment are
identical 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
6. These statements also hold true of the third to eighth
embodiments to be described later.

[0226] As shown in FIGS. 8 and 9A, in the case of the
second embodiment, the second sub-transistor Ty, , is pro-
vided 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 insula-
tion 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 descrip-
tion, the shield electrode 42 is also referred to as a first shield
electrode 42. The second shield electrode 43 is connected to
the common 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 Ty, ,
and the particular source/drain area of the second sub-tran-
sistor T, , overlap each other. Much like the first shield
electrode 42, the second shield electrode 43 can also be cre-
ated by adopting any one of a variety of generally known
methods.

[0227] Except for the addition of the second shield elec-
trode 43 described above, the component structures/configu-
rations 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.

[0228] Inthe case ofthe second embodiment, in addition to
the effect of the first shield electrode 42 also included in the
firstembodiment, 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 in a
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 Tg,, to a value smaller than the amplitude for the first
embodiment. In this case, the amplitude is a difference
between the so-called on voltage and the so-called off volt-
age.

Third Embodiment

[0229] A third embodiment also implements an organic EL
display apparatus according to the first 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 first embodiment of the present invention.
[0230] The third embodiment is also obtained by modify-
ing 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.

[0231] FIG. 2 can also be referred to as a conceptual dia-
gram showing the organic EL display apparatus according to
the third embodiment. FIG. 10A is a diagram showing an
equivalent 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 sec-
tion of a portion of the organic EL device 10 according to the
third embodiment.

[0232] As shown in FIGS. 10A and 10B, the third embodi-
ment is different from the first embodiment in that, in the case
of the third embodiment, in addition to the first shield elec-
trode 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
(particular) channel creation area 34A of the first sub-transis-
tor Ty, , 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 Ty, ,. 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
shieldelectrode 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.

[0233] 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.
[0234] 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 34A as the effect
described before by referring to FIGS. 7A and 7B as the effect
demonstrated by the first embodiment. To put it more con-
cretely, a model of states developed in vicinities of the first
channel creation area 34A with the video-signal write tran-
sistor T, put in 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
creationarea 34A, a depletion layer is created also in a portion
included in the first channel 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.
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[0235] 1If 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 34A,
the effect of the change in electric potential will become
eventually an effect on an electric potential appearing on the
first node 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

[0236] A fourth 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.
[0237] The fourth embodiment is also obtained by modify-
ing the first embodiment. The fourth embodiment is different
from the first embodiment in that, in the case of the fourth
embodiment, the first sub-transistor T, , is further provided
with a third shield electrode 44 and a fourth shield electrode
45 whereas the second sub-transistor Tg,, . is further pro-
vided with a second shield electrode 43.

[0238] FIG. 2 can also be referred to as a conceptual dia-
gram 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.

[0239] As shown in FIGS. 11A and 11B, in the case of the
fourth embodiment, the second sub-transistor Ty, , is pro-
vided with the first shield electrode 42 in the same way as the
first embodiment described earlier as well as a second shield
electrode 43 also facing the other face of the second channel
creation area 34B of the second sub-transistor T, , 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 Tg,, ; and the particular source/
drain area of the second sub-transistor Ty, , overlap each
other. The third shield electrode 44 is connected to the first
(particular) source/drain area 35A of the first sub-transistor
TSigJ'
[0240] The connections and structure of the second shield
electrode 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.

[0241] The fourth shield electrode 45 is connected to the
common source/drain area 35C of the video-signal write tran-
sistor T, in the same way as the second shield electrode 43.
Much like 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.
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[0242] Except for the addition of the second shield elec-
trode 43, the third shield electrode 44 and the fourth shield
electrode 45 which are described above, the component struc-
tures/configurations 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 driv-
ing 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
according 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.

[0243] The configuration of the second sub-transistor
T,y o in the fourth embodiment is identical with the second
sub-transistor Tg;, , in the second embodiment explained
before. In addition, the configuration of the first sub-transistor
Tsi 1 in the fourth embodiment is also identical with the
second sub-transistor T, »inthe second embodiment. Thus,
the degree to which the threshold voltage of the first sub-
transistor T, , isshifted ina direction toward the minus side
is relatively low. Therefore, much like the second embodi-
ment described earlier, it is possible to reduce the amplitude
of a signal applied to the gate electrode of the video-signal
write transistor Tg;, to a value smaller than the amplitude for
the first embodiment.

Fifth Embodiment

[0244] Each of a fifth embodiment, sixth to eighth embodi-
ments 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.

[0245] FIG. 2 can also be referred to as a conceptual dia-
gram showing the organic EL display apparatus according to
the fifth embodiment. FIG. 12A is a diagram showing an
equivalent 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 sec-
tion of a portion including the first-node initialization tran-
sistor Ty, employed in the organic FL device 10 according
to the fifth embodiment. The first-node initialization transis-
tor Ty, 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 T, of
the first embodiment explained before.

[0246] As shown in FIG. 124, in the video-signal write
transistor T, ,
[0247] (B-1) a source/drain area provided on a particular

side of the video-signal write transistor Tg;, as the particular
source/drain area of the transistor T, is connected to one of
the data lines DTL;

[0248] (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 Tg;, is connected to the gate elec-
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trode of the element driving transistor Tp,, and the other
electrode of the capacitor C,, forming a first node ND,; and
[0249] (B-3) the gate electrode of the video-signal write
transistor T, is connected to one of the scan lines SCL.
[0250]  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.

[0251] 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 driv-
ing circuit, being separated from the transistors and the
capacitor 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 sixth to eighth
embodiments and the tenth embodiment, which are to be
described later, are the same as the fifth embodiment. It is 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 Ty,
This is because the transistors other than the first-node ini-
tialization transistor T ,, are provided at hidden locations so
that these other transistors are invisible.

[0252] As shown in FIG. 12A, the driving circuit employs
the first-node initialization transistor T,,,,. The first-node
initialization 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 5, has a
dual-gate structure which includes a first sub-transistor
Typi 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, 5
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 Ty, 5 share a common source/drain area 135C to be
used as a source/drain area common to the first sub-transistor
Typy1 1 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.

[0253] As shown in FIG. 12B, each of'the first source/drain
area 135A, the second source/drain area 135B and the com-
mon source/drain area 135C is an area provided on the semi-
conductor 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 ofthe
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
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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
36 of the capacitor C, as shown in FIG. 12B. Thus, the second
(other) source/drain area 135B of the second sub-transistor
Typi_» is 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
Tapi » are connected a first-node initialization transistor
control line AZ,,,,,. The first gate electrode 131A of the first
sub-transistor T,,,,, , 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 of the 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 T, , , through the gate insula-
tion 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.

[0254] Thesecond sub-transistor Ty, ,isprovided witha
shield electrode 142 facing the other face of the second chan-
nel creation area 134B of the second sub-transistor T,
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.
[0255] Itisto 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.

[0256] 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.

[0257] Operations to turn on and off the first-node initial-
ization 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.
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[0258] The component structures/configurations of the
organic EL display apparatus according to the fifth embodi-
ment, 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 embodi-
ment. In 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.

[0259] When the first-node initialization transistor Ty,
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 Ty, ; and the second sub-
transistor T, , 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, ,1sina 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
Typ:1_; and anelectric potential appearing in the other second
(other) source/drain area 135B of the second sub-transistor
Typi1_ - 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 T, , 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, 5.

[0260] Therefore, as explained previously in the descrip-
tion of the first embodiment, the shield electrode 142 attracts
carriers, which are electrons in this case, in the second chan-
nel creation area 134B. As aresult, a depletion layer is created
in aportion 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 com-
mon source/drain area 135C. As described above, the second
channel creation area 134B is a channel creation area on the
side close to the second (other) source/drain area 135B vir-
tually 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.

[0261] Since a change caused by the addition of the shield
electrode 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
duplications.

[0262] The video-signal write transistor Tg,, employed in
the organic EL device shown in FIG. 12A is designed as a
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transistor having a single-gate structure. It is to be noted,
however, that the video-signal write transistor Tg;, does not
have to be designed as a transistor having a single-gate struc-
ture. That is to say, the video-signal write transistor T,
employed in the organic ELL 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 T, employed in the organic
EL device according to each of the sixth, seventh, eighth and
tenth embodiments to 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

[0263] 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 inven-
tion.

[0264] FIG. 2 can also be referred to as a conceptual dia-
gram showing the organic EL display apparatus according to
the sixth embodiment. FIG. 13A is a diagram showing an
equivalent 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 sec-
tion of a portion including the first-node initialization tran-
sistor T,,,,; employed in the organic EL device 10 according
to the sixth embodiment. The first-node initialization transis-
tor T,p, 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 T, of
the second embodiment explained before.

[0265] As shown in FIGS. 13A and 13B, in the case of the
sixth embodiment, the second sub-transistor T, 5 18 pro-
vided 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 T,,,, ; 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.

[0266] In the case of the 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
common source/drain area 135C is lower than an electric
potential appearing on the first shield electrode 142. Thus, in
comparison with the fifth embodiment, the degree to which
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the threshold voltage of the second sub-transistor Ty, » is
shifted in a 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 T,,,, , in a 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 elec-
trode of the first-node initialization transistor T, to a value
smaller than the amplitude for the fifth embodiment.

Seventh Embodiment

[0267] A seventh 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 inven-
tion.

[0268] FIG. 2 can also be referred to as a conceptual dia-
gram 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 Ty, included in the driving circuit employed inthe
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.

[0269] As shown in FIGS. 14A and 14B, the seventh
embodiment is different from the fifth embodiment in that, in
the case of the seventh embodiment, in addition to the first
shield electrode 142 employed in the fifth embodiment, the
first sub-transistor T, ; is further provided with a third
shield electrode 144 facing the other face of the first channel
creation area 134 A of the first sub-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 (particular) source/drain area 135A of the first sub-tran-
sistor Ty, ;- To put it more concretely, in the seventh
embodiment, an extension from the wire 138 connected to the
first (particular) source/drain area 135A is the third shield
electrode 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.

[0270] 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 a portion included in the first channel
creation area 134 A 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.

[0271] 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 ofthe change
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in electric potential will become eventually an effect on an
electric 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 sup-
pressed as well.

Eighth Embodiment

[0272] 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 inven-
tion.

[0273] FIG. 2 can also be referred to as a conceptual dia-
gram 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
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 Ty, 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 T, of
the fourth embodiment explained before.

[0274] As shown in FIGS. 15A and 15B, in the case of the
eighth embodiment, the second sub-transistor Ty, , 1s pro-
vided with the first shield electrode 142 in the same way as the
fifth embodiment described earlier as well as a second shield
electrode 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 T, 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
Tapy 5 overlap each other. The third shield electrode 144 is
connected to the first (particular) source/drain area 135A of
the first sub-transistor T, ;.

[0275] The connections and structure of the second shield
electrode 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.

[0276] The fourth shield electrode 145 is connected to the
common source/drain area 135C of the first-node initializa-
tion transistor Ty, 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.

[0277] The configuration of the second sub-transistor
Tnp1_ o nthe eighth embodiment is identical with the second
sub-transistor Ty, , in the sixth embodiment explained
before. In addition, the configuration of the first sub-transistor
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Typy ; in the eighth embodiment is also identical with the
second sub-transistor T, , in the sixth embodiment. Thus,
the degree to which the threshold voltage of the first sub-
transistor Ty, , is 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 initialization transistor T, to avalue smaller than
the amplitude for the fifth embodiment.

Ninth Embodiment

[0278] 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.

[0279] 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 a diagram showing a typical configura-
tion 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 transis-
tors and one capacitor. FIG. 26 is a diagram showing a typical
configuration of an equivalent circuit of a third modified
version employing two transistors and one capacitor.

[0280] In the driving circuit employed in each of these
modified versions, the video-signal write transistor T g, can
be designed into the same structure as the structure of the
video-signal write transistor T, 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 T, is designed into the same
structure as the structure of the video-signal write transistor
T, 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 Ty, 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

[0281] FIG.16isadiagram 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/1C 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
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regard to whether each of the transistors is designed as a
transistor having a single-gate structure or a dual-gate struc-
ture.

[0282] The4Tr/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 tran-
sistor T, the element driving transistor Tp,,, a light-emis-
sion control transistor T; and a second-node initialization
transistor T py,. -

Light-Emission Control Transistor Tp; .

[0283] Since the configuration of the light-emission control
transistor T; ~employed in the 4Tr/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 4T1/1C driving circuit is given in order to
avoid duplications.

Element Driving Transistor T, .,

[0284] Since the configuration of the element driving tran-
sistor T ,,, employed in the 4Tt/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 4Tt/1C
driving circuit is given in order to avoid duplications.

Second-Node Initialization Transistor Ty,

[0285] Since the configuration of the second-node initial-
ization transistor Ty, employed in the 4Tr/1C driving circuit
is the 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 Ty, employed in the 4Tr/1C driving circuit is given in
order to avoid duplications.

Video-Signal Write Transistor Tg,,

[0286] Since the configuration of the video-signal write
transistor Tg,, 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 4Tr/1C driving circuit is given in order to avoid dupli-
cations. As explained previously in the description of the first
embodiment, the particular source/drain area of the video-
signal write transistor Tg,, is connected to a data line DTL. In
the case of the 4Tr/1C driving circuit, however, the video-
signal outputting circuit 102 supplies not only the voltage
Vg for controlling the luminance of the organic EL light
emitting element ELP, butalso the voltage V . for initializing
the gate electrode of the element driving transistor T, to the
particular source/drain area of the video-signal write transis-
tor 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 ., 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
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transistor Ty, 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

[0287] Since the configuration of the organic EL light emit-
ting 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 ele-
ment ELP employed in the 4Tr/1C driving circuit is given in
order to avoid duplications.

[0288] Operations of the 4Tr/1C driving circuit are
described as follows.

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

[0289] An operation carried out in a period TP(4)_, 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.

[0290] A periodTP(4),to aperiod 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 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(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 device10isasarulein
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,
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.

[0291] 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 TP(4),

[0292] Theperiod TP(4), s a period allocated, for example,
to an operation carried out for the current display frame. The
operations 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)

[0293] 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
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AZ,r, at a high level putting the second-node initialization
transistor T, in a turned-on state. As a result, an electric
potential appearing on the second node ND, becomes the
voltage V ¢ 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)

[0294] Then, in the following period TP(4),, the video-
signal outputting circuit 102 is driven in order to set an elec-
tric potential appearing on the data line DTL at the voltage
Vg 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 atahigh level so asto 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 voltageV ,; of O volts, for example. On the other hand, the
electric potential appearing on the second node ND, is sus-
tained at the voltage Vg of =10 volts, for example. Subse-
quently, the second-node initialization transistor control cir-
cuit 105 is driven in order to set a second-node initialization
transistor control line AZ,,,, at a low level so as to put the
second-node initialization transistor T,,,, in a turned-off
state.

[0295] Itis 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.

[0296] As a result 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 5, 1s 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.

Sig

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

[0297] Then, during the following period TP(4),, a thresh-
old-voltage cancel process is carried out. That is to say, 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 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
node ND, does not change, being sustained at the voltage V .
of O volts. That is to say, an electric potential appearing on the
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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 volts 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.

[0298] Intheperiod TP(4),, the electric potential appearing
on the second node ND, eventually becomes equal to the
voltage difference of (V5-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 transistor T, and the voltage V o used for initializ-
ing 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)

[0299] In the following period TP(4),, with the turned-on
state of the video-signal write transistor Ty, 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 5 of 0 volts
and the electric potential appearing on the second node ND,
in a floating state also virtually does not change but is sus-
tained at the voltage difference of (V4~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 elec-
trode of the element driving transistor T, and the source
area of the element driving transistor T, ,, or the like. Never-
theless, the change of the electric potential appearing on the
second node ND, can be normally ignored.

[0300] Next, each of a period TP(4); to a period TP(4)., is
described. Operations carried out in the period TP(4)5 to a
period TP(4), are essentially identical with those performed
in the period TP(5)5 to the period TP(5),, which have been
explained previously in the description of the first embodi-
ment.

Period TP(4); (With Reference to FIG. 20B)

[0301] Inthe following period TP(4)s, a signal write opera-
tion for the element driving transistor T, is carried out. To
put it more concretely, with the turned-on state of the video-
signal write transistor T, as well the turned-off states of the
second-node initialization transistor Ty, and the light-emis-
sion 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 o4 10 the video signal Vg, used for controlling the
luminance of the organic EL light emitting element ELP. Asa
result, the electric potential appearing on the first node ND,
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rises to the voltage V.. Itis to be noted that the video-signal
write transistor Tg,, can also be tumed off once. Then, with
the turned-off states of the video-signal write transistor Ty,
the second-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 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
T.\n, and the light-emission control transistor T, . sus-
tained as they are, 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.

[0302] 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
TDrv'

[0303] 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 transistor Ty,,, is dependent on only the voltage Vg,
for controlling the luminance of the organic EL light emitting
element ELP, the threshold voltage V,,, of the element driving
transistor Ty, and the voltage V, for initializing the gate
electrode 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(4), (With Reference to FIG. 20C)

[0304] In the following period TP(4),, a mobility correc-
tion process is carried out. The mobility correction process is
aprocess 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,
itisnice 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 a design value in advance when design-
ing the organic EL display apparatus.

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

[0305] 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 embodiment is carried out. As a result, an electric poten-
tial 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 [ ; flow-
ing 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
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the element driving transistor T,,,. That is to say, the lumi-
nance 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 ,,,, as variations
of the drain current 1 ;..

[0306] 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)_,.

[0307] At the end of the period TP(4)_,, the (n, m)th sub-
pixel serving as a organic EL, device 10 completes the light
emitting operation.

[0308] Next, a 3Tt/1C driving circuit is explained.
Second Modified Version Implementing a 3Tr/1C Driving
Circuit

[0309] FIG. 21 is adiagram showing a typical configuration
of an equivalent circuit of the second modified version, which
is a 3Tr/1Cdriving 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 be noted
that, in FIGS. 24 A to 24D and FIGS. 25A to 25E, 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.

[0310] The 3Tr/1C driving circuit does not include two
transistors, i.e., the first-node initialization transistor Ty,
and the second-node initialization transistor T ;,,. 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 Tz, .

Light-Emission Control Transistor T,;

[0311] Since the configuration of the light-emission control
transistor T; ~employedin the3Tr/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 3Tt/1C driving circuit is given in order to
avoid duplications.

Element Driving Transistor T, ,,

[0312] Since the configuration of the element driving tran-
sistor T, employed in the 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 3Tr/1C
driving circuit is given in order to avoid duplications.
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Video-Signal Write Transistor T,

[0313] Since the configuration of the video-signal write
transistor Tg;, employed in the 3T/1C driving circuit is the
same as the video-signal write transistor T, explained
before in the description of the first embodiment, no detailed
description of the video-signal write transistor T,  employed
in the 3Tt/1C driving circuit is given in order to avoid dupli-
cations. As explained previously in the description of the first
embodiment, the particular source/drain area of the video-
signal write transistor Tg,, is connected to a data line DTL. In
the case of the 3Tr/1C driving circuit, however, the video-
signal outputting circuit 102 supplies not only the voltage
Vs, for controlling the luminance of the organic EL light
emitting element ELP, but also voltages V o ; and V 5 for
initializing the gate electrode of the element driving transistor
Tp,, to the particular source/drain area of the video-signal
write transistor Ty, through the data line DTL. The fact that
the video-signal outputting circuit 102 supplies three differ-
ent signals to the video-signal write transistor T, causes the
video-signal write transistor T, to operate differently from
the video-signal write transistor Tg;, explained before in the
description of the first embodiment. It is to be noted that, in
addition to the voltage V g, the V ;. ; and the voltage V o5,
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 thanthe voltage V.,
include a signal for pre-charge driving. Typical magnitudes of
the voltages V 5 ; and Vo are given as follows:

Vop-zabout 30 volts

Vog-g=about 0 volts

[0314] TItisto be noted, however, that the magnitudes of the
voltage V s ; and the voltage V 5, are by no means limited
to the above typical values.

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

[0315] As will be described later, in the 3Tr/1C driving
circuit, it s necessary to change an electric potential appear-
ing 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 magni-
tude C; 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 c,, of the parasitic capacitance C,, between the
gate electrode of the element driving transistor Tp,,, and
source area of the element driving transistor T, and by not
considering electric-potential changes caused by a change
(V5= o) of an electric potential appearing on the first node
ND, functioning as the gate electrode of the element driving
transistor T, as changes of an electric potential appearing
on the second node ND, which serves as the source area of the
element driving transistor Tj,,. In the case of the 3Tr/1C
driving circuit, on the other hand, the capacitance c, of the
capacitor C, s 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 Y4 to
Y4 times the magnitude C; of the parasitic capacitance Cg;.
Thus, in comparison with the driving circuit employed in the
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organic EL device according to the first embodiment and the
4Tr/1C driving circuit, in the 3Tt/1C driving circuit, the elec-
tric 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
appearing on the first node ND, functioning as the gate elec-
trode of the element driving transistor T, For this reason,
the 3Tr/1C driving circuit is explained below by 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,. It 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

[0316] Since the configuration of the organic EL light emit-
ting 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 ele-
ment ELP employed in the 3Tr/1C driving circuit is given in
order to avoid duplications.

[0317] Operations of the 3Tr/1C driving circuit are
described as follows.

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

[0318] 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.

[0319] AperiodTP(3),to a period TP(3),, whichare 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 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 outby the first embodiment. To put it concretely, in the
period TP(3)., the (n, m)th organic EL device 10 is asa 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), 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),
coincide with the start and end of the mth horizontal scan
period respectively.

[0320] 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 accor-
dance with the design of the organic EL display apparatus.

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

[0321] The period TP(3), is a period allocated to, for
example, operations carried out for the immediately preced-
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ing display frame and 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(3), (With Reference to FIG. 24C)

[0322] 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 out-
putting circuit 102 is driven in order to generate an electric
potential on the data line DTL as a voltage V  ,, used for
initializing the gate electrode of the element driving transistor
Tp,,- Then, the scan circuit 101 is driven in order to set the
scan line SCL atahigh level so asto put the video-signal write
transistor Tg,, i a turned-on state. As a result, an electric
potential appearing on the first node ND, becomes equal to
the voltage V., - As explained previously, the capacitance
c, of thecapacitor C, is set as a design value greater than those
of the other driving circuits. Thus, an electric 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 emitting element ELP exceeds the threshold voltage
V,,,.zr of the organic EL light emitting element ELP, putting
the organic EL light emitting element ELP in a conductive
state. However, the electric potential appearing on the second
node ND, serving as the source area of the element driving
transistor T, again drops immediately to a voltage of (V.
EL+V ¢,,)- Itis 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

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

[0323] Then, in the 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
Vo5 used for initializing the gate electrode of the element
driving transistor Ty, to a voltage V4 ;. Then, an electric
potential appearing on the first node ND, becomes V 5 ;. 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 (V4 -V op.) of the electric
potential appearing on the gate electrode of the element driv-
ing transistor T, s distributed to the capacitance ¢, 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
Tp,, and the source area of the element driving transistor
Tp,,- Itis 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 . ;; and the other voltages
are set inadvance 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
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at least equal to the threshold voltage V,, of the element
driving transistor T, ,, putting the element driving transistor

79

Tp,, 10 a turned-on state.

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

[0324] Then, during the following period TP(3),, a thresh-
old-voltage cancel process is carried out. That is to say, 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 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
Tp,, 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 oz 0fOvolts. 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 thresh-
old voltage V, of the element driving transistor Tp,,, 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 54~V ). In this
case, 1f 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.

[0325] Inthe period TP(3),, the electric potential appearing
on the second node ND, eventually becomes equal to the
voltage difference of (V 4 -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 transistor T ,,, and the voltage V4 ; used for initial-
izing the gate electrode of the element driving transistor Tp,,..
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)

[0326] In the following period TP(3),, with the turned-on
state of the video-signal write transistor Ty, 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,;  at a low level so as to put the light-
emission control transistor Tz, .~ in a turned-off state. As a
result, the electric potential appearing on the first node ND,
does notchange but s sustained at the voltage V ., ; of O volts
and the electric potential appearing on the second node ND,
in a floating state also virtually does not change but is sus-
tained at the voltage difference of (V4 ,-V,;,) which is -3
volts.

[0327] 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
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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)

[0328] Inthe following period TP(3)s, a signal write opera-
tion for the element driving transistor T, 1s 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 Vg, 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 Ty, can
also be turned off once. Then, with the turned-off states of the
video-signal write transistor Tg,, 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 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 state
of the light-emission control transistor Ty; . sustained as it
1s, 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.
[0329] As described above, in the period TP(3),, the elec-
tric potential appearing on the first node ND, rises from the
voltage V . ; to the voltage Vg, Thus, if an electric-poten-
tial change caused by the change of the electric potential
appearing on the first node ND, as a change of an electric
potential appearing on the second node ND, is taken into
consideration, the change of the electric potential appearing
onthe 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 V., =V, +0* (Vg =Vor /)
where notation o represents a value in a range of O<a<l. The
value of « 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.
[0330] 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
TDrv'

VsV sigmVops 1=V =0* (Vsig=Vop.L) (3)
[0331] That is to say, also in the case of the 3Tt/1C driving
circuit, the electric-potential difference V, obtained as a
result of the signal write process carried out for the element
driving transistor Tp,, is dependent on only the voltage Vy,,
for controlling the luminance of the organic EL light emitting
element ELP, the threshold voltage V,,, of the element driving
transistor Tp,,, and the voltage V , ; for initializing the gate
electrode 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)

[0332] In the following period TP(3),, a mobility correc-
tion process is carried out. The mobility correction process is
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aprocess 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,
itis 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. 25EF)

[0333] 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 embodiment is carried out. As a result, an electric poten-
tial appearing on the second node ND, rises, exceeding a level
of (V,,_zr+V c,.p)- 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 ;, flow-
ing through the organic EL light emitting element ELP does
not depend on the threshold voltage V,;,_z; of the organic EL
light emitting element ELP and the threshold voltage V, of
the element driving transistor T,,,. That is to say, the lumi-
nance 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 1 ;..

[0334] 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)_, .

[0335] 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.

[0336] Next, a 2Tt/1C driving circuit is explained.

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

[0337] FIG. 26 isadiagram 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. Itis 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.
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[0338] The 2Tr/1C driving circuit does not include three
transistors, i.e., the first-node initialization transistor Ty,
the light-emission control transistor Tz, . and the second-
node initialization transistor T,,,,. 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 Ty, and the element driving transistor T,,..
Element Driving Transistor T,

[0339] Since the configuration of the element driving tran-
sistor T, employed in the 2Tr/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 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, , 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
Ve and V. g are given as follows:

Veem=20 volts

Veer=—10 volt

[0340] Itistobe noted, however, that the magnitudes of the
voltage V ~~_; and the voltage V .~ 5y 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,

[0341] Since the configuration of the video-signal write
transistor T, 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, employed
in the 2'Tr/1C driving circuit is given in order to avoid dupli-
cations.

Organic EL Light Emitting Flement ELP

[0342] Since the configuration ofthe organic EL light emit-
ting 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 ele-
ment ELP employed in the 2Tt/1C driving circuit is given in
order to avoid duplications.

[0343] Operations of the 2Tr/1C driving circuit are
described as follows.

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

[0344] 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.

[0345] A period TP(2),toaperiod 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
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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
ano-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.

[0346] 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 accor-
dance with the design of the organic EL display apparatus.

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

[0347] The period TP(2), is a period allocated to, for
example, operations carried out for the immediately preced-
ing display frame and the current display frame. Thatis 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 ina no-light emission state. At a point
a transition is made from the period TP(2)_; to the period
TP(2),, a voltage generated by the current supply section 100
is switched from the level V4 to the level V. As a
result, an electric potential appearing on the second node ND,
serving as the source area of the element driving transistor
Tp,, 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
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)

[0348] 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 in order to set the scan line SCL at a high level so as to
put the video-signal write transistor Tg;, in a turned-on state.
As a result, an electric potential appearing on the first node
ND, becomes equal to a voltage V ., 0f 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.

[0349] By carrying out the operations 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, rises to a voltage at least equal
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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)

[0350] Then, during the following period TP(2),, a thresh-
old-voltage cancel process is carried out. That is to say, with
the turned-on state of the video-signal write transistor Tg,,
sustained as it is, a voltage generated by the current supply
section 100 is switched from the voltage V.., to the voltage
V ccor 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 o 0 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 (V5-V,,)==3 volis and eventually
becomes equal to the voltage difference of (V 4~V ). In this
case, 1f 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.

[0351] Inthe period TP(2),, the electric potential appearing
on the second node ND, eventually becomes equal to the
voltage difference of (V,,-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 transistor T, and the voltage V ,; used for initializ-
ing 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,;_g, of
the organic EL light emitting element ELP.

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

[0352] Inthe following period TP(2),, a signal write opera-
tion 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
T4, Toput it more concretely, with the turned-on state of the
video-signal write transistor Ty, sustained as it is, the video-
signal outputting circuit 102 is driven in order to set an elec-
tric potential appearing on a data line DTL at the video signal
Vs 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 Vg,
putting the element driving transistor T, in a turned-on
state. Itis to be noted that the video-signal write transistor T,
can also be turned off once. Then, the electric potential
appearing on a data line DTL is changed to the video signal
Vi Used for controlling the luminance of the organic EL
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light emitting element ELP. Subsequently, 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 so as to put the ele-
ment driving transistor T, in a turned-on state.

[0353] Unlike the first embodiment described previously,
however, a voltage V.. ., generated by the current supply
section 100 is applied to the drain area of the element driving
transistor T ,,. Thus, an electric potential appearing in the
source area of the element driving transistor T, , rises. After
atime period to 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 Tg,, 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 design-
ing the organic EL display apparatus so that the electric
potential appearing on the second node ND, becomes equal to
avoltage of (V5,-V,;,+AV).

[0354] Even in the period TP(2),, if the mobility p of the
element driving transistor T 5, is large, the increase AV ofthe
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 5, is small, on the other hand, the
increase AV of the electric potential appearing in the source
area of the element driving transistor T, is also small.

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

[0355] 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 embodiment is carried out. As a result, an electric poten-
tial appearing on the second node ND, rises, exceeding a level
of (V,;, g1 +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 [ ;, flow-
ing 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 lumi-
nance 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,; z; 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 ..

[0356] 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)_,.

[0357] 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.

[0358] In addition, it is possible to provide an alternative
typical configuration in which the period TP(3), allocated to
asequence 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 T, is 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, 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 Tg;, 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

[0359] 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.

[0360] 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 configura-
tion of an equivalent circuit of a driving circuit employed in an
organic EL device according to a tenth embodiment employ-
ing three transistors and one capacitor.

[0361] FIG. 31 is a diagram showing an equivalent circuit
of a driving circuit employed in an organic EL device accord-
ing to the tenth embodiment whereas FIG. 32 is a conceptual
diagram 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.

[0362] Incomparison 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 T,,,, 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
Tsig> an element driving transistor T, and a first-node ini-
tialization transistor T,p,.

[0363] Inthetenthembodiment, the first-nodeinitialization
transistor T,y, employed in the driving circuit can be
designed into the same configuration as the first-node initial-
ization 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 initial-
ization transistor Ty, employed in the fifth embodiment
explained previously by referring to FIG. 12. As shown in
FIGS. 12 and 31, the first-node initialization transistor Ty,
has a shield electrode on the side close to the first node ND, .
However, the configuration of the first-node initialization
transistor Ty, is by no means limited to the configuration of
the first-node initialization transistor Ty, employed in the
fifth embodiment but can also be designed into the same
configuration as the first-node initialization transistor Ty,
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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 structure. As explained pre-
viously in the description of the fifth embodiment, however,
the configuration of the video-signal write transistor T, is by
no means limited to the single-gate structure but the video-
signal write transistor Tg,, can also be designed into the same
structure as the video-signal write transistor T, employed in
any one of the first to fourth embodiments described before.
[0364] Basically, the configuration of the driving circuit
employed in the organic EL device according to the tenth
embodiment is obtained by adding a first-node initialization
transistor T,,p, to the 2Tr/1C driving circuit employed in the
organic EL device according to the ninth embodiment
explained previously by referring to FIG. 26. It is to be noted
that, for the sake of convenience, in the following description,
the driving circuit employed in the organic EL device accord-
ing to the tenth embodiment is referred to as a second 3Tr/1C
driving circuit.

Element Driving Transistor Tp,,.,

[0365] Since the configuration of the element driving tran-
sistor T},,,, 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
avoltage V., and a voltage V -, in the same way as the
third modified version of the ninth embodiment. Since the
voltages V. ,and V. ; are identical with those of the third
modified version of the ninth embodiment, no detailed
description of the voltages V.. and V .., is given either in
order to avoid duplications.

Video-Signal Write Transistor T

[0366] Since the configuration of the video-signal write
transistor T, employed in the second 3Tt/1C driving circuit
is the same as the video-signal write transistor T, , explained
before in the description of the fifth embodiment, no detailed
description of the video-signal write transistor T, employed
in the second 3Tr/1C driving circuit is given in order to avoid

duplications.

Sig

First-Node Initialization Transistor T,

[0367] Since the configuration of the first-node initializa-
tion transistor T,,,; employed in the second 3Tr/1C driving
circuit is the same as the first-node initialization transistor
Tp, explained before in the description of the fifth and other
embodiments, no detailed description of the first-node initial-
ization transistor T, employed in the second 3Tr/1C driv-
ing circuit is given in order to avoid duplications.

Organic EL Light Emitting Element ELP

[0368] Since the configuration of the organic EL light emit-
ting element ELP employed in the second 3Tr/1C driving
circuit is the same as the organic EL light emitting element
ELP explained before in the description of the first embodi-
ment, no detailed description of the organic EL light emitting
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element ELP employed in the second 3Tr/1C driving circuit is
given in order to avoid duplications.

[0369] Operations of the second 3Tt/1C driving circuit are
described as follows.

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

[0370] 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.

[0371] 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 a sequence of periods allocated to a sequence of
operations ending with an operation to be carried out imme-
diately 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,)s, 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,), to TP(3,), are a sequence of peri-
ods having a duration stretched for example from the begin-
ning of the (m+m')th horizontal scan period of the immedi-
ately preceding display frame to the end of the (m-1)th
horizontal scan period of the current display frame. In addi-
tion, it is also possible to provide 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.

[0372] 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 accor-
dance with the design of the organic EL display apparatus.

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

[0373] The period TP(3,), is a period allocated to, for
example, operations carried out for the immediately preced-
ing 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.
Atapoint 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 fromalevel V. ytoalevel V.. ;. As
a result, an electric potential appearing on the second node
ND, serving as the source area of the element driving tran-
sistor 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 trans-
mission state. In addition, an electric potential appearing on
the first node ND, in a floating state also falls to follow the
drop of the an 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(3,), (With Reference to FIG. 34C)

[0374] At the beginning of the next period TP(3,),, the
first-node initialization transistor control circuit 104 is driven
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in order to set a first-node initialization transistor control line
AZ,p, at ahigh level so as to put the first-node initialization
transistor Ty, in a turned-on state. As a result, an electric
potential appearing on the first node ND, becomes equal to a
voltage V o of O volts, for example. The electric potential
appearing on the second node ND, is sustained at the voltage
V ce., which is =10 volts, for example.

[0375] By carrying out the operations 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 ,,,, 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(3,), (With Reference to FIG. 34D)

[0376] Then, during the following period TP(3,),, a thresh-
old-voltage cancel process is carried out. That is to say, with
the turned-on state of the first-node initialization transistor
Typ, sustained as it is, a voltage generated by the current
supply section 100 is switched from the voltage V- ; to the
voltage V - 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
Tp,, 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 (Vo4-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.

[0377] Inthe period TP(3,),, the electric potential appeat-
ing on the second node ND, eventually becomes equal to the
voltage difference of (V,;~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 transistor T, and the voltage V ., used for initializ-
ing the gate electrode of the element driving transistor Tp,,.
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)

[0378] In the following period TP(3,)s, the first-node ini-
tialization 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
Typ, 10 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
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effect of the parasitic capacitance C,, between the gate elec-
trode of the element driving transistor T, and the source
area of the element driving transistor T ,,,, or the like. Never-
theless, the changes in electric potential can be normally
ignored.

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

[0379] 1In the following period TP(3,),, a signal write
operation for the element driving transistor T ,,, and a mobil-
ity 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 Vg, 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 g, putting the element driving transistor
T, in a turned-on state.

[0380] Unlike the first embodiment described previously,
the voltage'V ... 5y zenerated by the current supply section 100
is applied to the drain area of the element driving transistor
Tp,,- Thus, an electric potential appearing in the source area
of the element driving transistor T ,,,, rises. After a 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 5, 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 4~
V,+AV).

[0381] Even in the period TP(3,),, if the mobility pu 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 u of the
element driving transistor T 5,,, 1s small, on the other hand, the
increase AV of the electric potential appearing in the source
area of the element driving transistor T, is also small.

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

[0382] 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 embodiment is carried out. As a result, an electric poten-
tial 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 ,, flow-
ing through the organic EL light emitting element ELP does
not depend on the threshold voltage V,,, 5, of the organic EL
light emitting element ELP and the threshold voltage V, of
the element driving transistor T ,,,. That is to say, the lumi-
nance 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
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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 .

[0383] 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,)_,.

[0384] 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.

[0385] The above description has explained the configura-
tion 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 Ty, a light-emission
control transistor T, . or both. If a second-node initializa-
tion transistor Ty, 15 added to the driving circuit for
example, it is no longer necessary to supply the voltage V..,
from the current supply section 100 but an initialization volt-
age can yet 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,,.

[0386] The above description exemplifies the present
invention by describing the preferred embodiments. It is to be
noted, however, 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 FL 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,
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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-
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
ashield 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
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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 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,

(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)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 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-
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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
ashield 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.

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 ¢reation 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;
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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,

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-transistoris 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
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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 orgaric 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,

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
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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 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,

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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